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Cardiovascular Topics

Inflammation and dyslipidaemia: a possible interplay
between established risk factors in North Indian males

with coronary artery disease

BINITA GOSWAMI, MEDHA RAJAPPA, BHAWNA SINGH, PC RAY, SURESH KUMAR, V MALLIKA

Summary

Objectives: Coronary artery disease (CAD) is a leading cause
of morbidity and mortality in the developed world and is
rapidly assuming epidemic proportions in developing coun-
tries, including India. This has led to extensive research to
determine the risk factors and the pathways that may predis-
pose to the elevated risk of this disease. Important among
them include lipoproteins, homocysteine, lipoprotein (a),
pro-inflammatory cytokines and others. The following study
was undertaken to determine a possible inter-relationship
between inflammation and dyslipidaemia, which are impor-
tant risk factors for CAD in the atherosclerosis-prone North
Indian male population.

Methods: The study groups comprised 150 clinically assessed
North Indian male patients with acute myocardial infarction
(AMI), diagnosed on electrocardiographic and biochemi-
cal criteria, and 150 healthy controls. Apolipoprotein-Al
(Apo-Al), apolipoprotein-B (Apo-B) and C-reactive protein
(CRP) levels were estimated using kits based on the immu-
noturbidimetric assay from Randox, UK. Tumour necrosis
factor-a (TNF-0)) and lipoprotein (a) were assayed using
commercially available ELISA Kkits from Diaclone Research,
Belgium and Innogenetics, Belgium, respectively.

Results: The patients with AMI showed highly significant
elevations in the levels of total serum cholesterol, triglycer-
ides, LDL cholesterol, Apo-B and a significant decline in HDL
cholesterol, compared with healthy controls. Significantly
elevated serum levels of inflammatory markers, TNF-o. and
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CRP were seen in patients with AMI, compared to the control
subjects. A significantly positive correlation of TNF-o. was
observed with lipoprotein (a) in patients with CAD.
Conclusion: The data clearly underlines a possible interplay
between inflammation and dyslipidaemia in the pathogenesis
of CAD in the Indian context. This insight into the aetio-
pathogenesis of CAD will prove highly beneficial for devising
better preventive measures and pharmacological interven-
tions for CAD.
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The last century has seen a rapid increase in the global preva-
lence of coronary artery disease (CAD). Results from the Global
Burden of Disease study estimated that India is facing the great-
est burden due to CAD.' It has been projected that by the year
2010, 60% of the world’s patients with heart disease will be in
India. Moreover, in India about 50% of CAD-related deaths occur
in people younger than 70 years of age, compared with only 22%
in the west.* Another interesting feature of CAD among Indians
is the lower prevalence of conventional risk factors, such as
hypertension, obesity, cigarette smoking, hypercholesterolemia,
and others. The explanation for this paradox has been a matter of
intense research in the last few decades.’

In the recent past, newer risk factors such as lipoprotein
(a) [Lp(a)], homocysteine, apolipoproteins, pro-inflammatory
mediators, hypercoagulability, platelet aggregation, and insulin
resistance have caught the attention of clinicians and researchers
as the probable conglomeration of novel risk factors responsible
for CAD in Indians.® Hence it is clear that both nature (genetic
predisposition) and nurture (environmental or lifestyle factors)
are responsible for the disease burden in Asians.’

Atherosclerosis, a progressive disease characterised by the
accumulation of lipids and fibrous elements in the large arteries,
constitutes the single most important contributor to this growing
burden of CAD. The hypotheses regarding the pathophysiology
of this important malady have evolved substantially over the last
few decades. The link between lipids and atherosclerosis has
dominated the thinking up to the 1970s, based on strong experi-
mental and clinical relationships between hypercholesterolaemia
and atheroma formation. The emerging knowledge on vascular
biology led to a focus on growth factors and the proliferation of
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smooth muscle cells in the 1970s and 1980s. A fusion of these
views led to the concept of the atheroma as a graveyard of acel-
lular lipid debris enrobed in a capsule of proliferated smooth
muscle cells.® Over the past decade, however, it has been appreci-
ated that inflammation plays a prominent role in atherosclerosis
and its complications.

Whereas most clinicians previously regarded atheroma as a
bland lesion, the current notion that inflammation and immune
response contribute to atherogenesis has garnered increased
interest.” A picture emerges of a chronic disease that, from
its origin to its ultimate complications, involves inflamma-
tory cells (T cells, monocytes, macrophages), inflammatory
proteins (cytokines, chemokines) and inflammatory responses
from vascular cells.”” Both infection and inflammation induce
the systemic host response known as the acute-phase response
(APR) and produce many abnormalities that could increase
the risk of developing atherosclerosis, including alterations in
lipid and lipoprotein metabolism, which is often mediated by
cytokines, particularly TNF-q, IL-1 and IL-6."

Hence, atherosclerosis is increasingly being recognised as
a complex phenomenon involving the interaction of several
mechanisms: dyslipidaemia, inflammation, thrombosis and other
dysfunctional metabolic syndromes."> This study attempts to
evaluate the contribution of dyslipidaemia and inflammation in
the pathogenesis of myocardial infarction and to study a possible
interplay between these risk factors in the pathophysiology of
CAD.

Methods

The study population comprised 150 consecutive male first-
time acute myocardial infarction patients without past or family
history of coronary events, presenting to the medical emergency
of Lok Nayak Hospital, New Delhi. Acute myocardial infarc-
tion was diagnosed based on clinical, electrocardiographic and
biochemical criteria. Patients with a history suggestive of hepatic
or renal disease were excluded. Use of lipid-lowering drugs also
led to exclusion from the study group.

The patients were enrolled in the study group after giving
informed consent and filling in a structured questionnaire,
including details of classical risk factors such as family history
of CAD, hypertension and smoking. Any patient with a history
of diabetes, hypertension, past or family history of CAD were
excluded from the study.

The study evaluated the role of inflammation and dyslipidae-
mia in those patients without apparent risk. The role of smok-
ing could not be excluded from the study groups, as it is very
common in India. Body mass index (BMI) values were derived
from Quetelet’s formula (weight in kg/height in m?). Approval
was obtained from the ethical committee of the institution before
commencing the study.

Also enrolled were 150 non-diabetic, age-matched healthy
controls who satisfied the following criteria: normal glucose
tolerance test, absence of angina (Rose questionnaire), absence
of history of any vascular disease [acute myocardial infarction
(AMI), stroke or intermittent claudication] and normal 12-lead
resting electrocardiograms. A patient was diagnosed with AMI if
there was a clinical history of ischaemic-type chest pain lasting
for more than 20 minutes, substantiated by electrocardiographic
evidence of Q waves, ST elevation/depression, and a rise in

cardiac troponins/CK-MB."

Arterial hypertension was diagnosed in patients with resting
blood pressure values above 140/90 mmHg measured repeti-
tively (at least twice)." Diabetes was diagnosed based on the
criteria of the American Diabetes Association expert committee
on diagnosis and classification of diabetes mellitus, i.e., fasting
plasma glucose > 126 mg/dl, two hours post-load glucose = 200
mg/dl or two random plasma glucose values = 200 mg/dl."

A fasting blood sample was taken and serum was sepa-
rated and stored at —70°C until the assays were performed. Total
cholesterol and triglycerides were measured using commercially
available kits on the Olympus AU400 (Hamburg, Germany)
auto-analyzer. High-density lipoprotein (HDL) cholesterol was
determined, after precipitation of Apo-B-containing particles by
phosphotungstic acid-MgCl,. Low-density lipoprotein (LDL)
cholesterol was calculated for subjects with fasting serum trig-
lyceride levels < 400 mg/dl, using Friedwald’s formula.'®

Apo-B and Apo-Al were assayed using commercial kits based
on an automated immunoturbidimetric method (Randox, UK).
C-reactive protein (CRP) was quantitated in the serum using
immunoturbidimetric assay kits from Randox, UK. TNF-o. levels
were measured using commercial ELISA kits from Diaclone
Research, Belgium. Lp(a) levels were estimated using enzyme-
linked immunosorbent assay [Innotest Lp(a), Innogenetics,
Belgium]. This method uses mouse monoclonal anti-Lp(a) as
solid-phase antibody and sheep anti-Apo-B polyclonal antibody
labelled with horseradish peroxidase (HRP) as capturing anti-
body.

Statistical analysis

All the values are expressed as mean = SD. Continuous vari-
ables were compared with the Student’s ¢-test. As the parameters
followed a non-Gaussian distribution in the study population,
Spearman’s rank correlation was used to look for association
between different variables in the study group. Univariate logis-
tic regression analysis was performed to ascertain the role of the
different risk factors for CAD in our study. A p-value < 0.05 was
considered significant. Statistical analyses were performed with
SPSS for windows version 12 (SPSS Inc).

Results

The clinical characteristics of the study group are shown in
Table 1. Significantly elevated levels of total cholesterol, tri-
glycerides, LDL cholesterol and Apo-B were observed in patients
with AMI, compared with healthy control subjects (Table 2). The
patients with AMI also exhibited lower HDL cholesterol and
Apo-Al, compared with controls (Table 2). However, there was
no statistically significant difference between Apo-Al levels of
patients and controls.

Serum levels of inflammatory markers such as CRP and
TNF-o were measured in the study population and they exhibit-
ed a highly significant difference between the patients with AMI
and the controls. Spearman’s rank correlation showed a highly
significant positive correlation between TNF-a and lipoprotein
(a), while a similar correlation was observed between CRP
and lipoprotein (a) (Table 3). The positive correlation between
TNF-a (a pro-inflammatory cytokine) and lipoprotein (a) levels
indicates a probable interrelationship between dyslipidaemia and
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inflammation in the pathogenesis of CAD.

Table 4 depicts the odds ratio of the various risk factors
analysed by univariate regression analysis. The odds ratio is the
measure of the increase in risk of the disease per unit increase
of the parameter. In univariate analysis, Lp(a) among the
lipid parameters and CRP among the inflammatory parameters
emerged as the strongest risk factors. Lp(a) had an odds ratio of
1.217 (95% confidence interval of 1.159-1.279) and CRP had an
odds ratio of 2.996 (95% confidence interval of 2.216-4.049)

Discussion

The CAD rate in Asian Indians has been increasing rapidly and
has reached alarming levels.'?* It is this CAD-prone North Indian
population that constitutes the study population in this research.
In the last decade, substantial improvements have occurred in the
assessment of cardiovascular risk. A better appreciation of the
atherogenic effects of well-known cardiovascular risk factors has
been accompanied by understanding the sum of these factors; i.e.
the global risk profile provides a better predictive power than any
single risk factor. In addition, a number of more recently identi-
fied and less well-known factors have received intense investiga-
tion over the past few years.'™"

The current view of atherosclerosis is a chronic inflammatory
process, developing in response to some metabolic disorders,
infections and environmental processes, which initiates and
promotes lesion development to the point of acute thrombotic
complications and clinical events.”? Clearly, inflammation
begets more inflammation.”’ Substantial advances in basic and
experimental science have illuminated the role of inflamma-

TABLE 1. CLINICAL CHARACTERISTICS

OF STUDY GROUPS
AMI patients Controls
m=150) m=150)
Age (years) 55.1£9.6 53.7+10.2
BMI (kg/m?) 232142 22.5+39
Systolic BP (mmHg) 128+94 121 £ 10.1
Diastolic BP (mmHg) 78+4.5 75+5.2
Smoking (n) 10 6
Alcohol intake (n) 6 4
Past history of CAD 0 0
Family history of CAD 0 0

TABLE 2. BIOCHEMICAL PARAMETERS
IN THE STUDY GROUPS

Patients Controls

Parameter m=150) m=150) p-value
Total cholesterol (mg/dl)  188.6 £40.15  145.5%+29.71 <0.001
Triglycerides (mg/dl) 143.3+64.83 123214192 <0.001
HDL (mg/dl) 382+6.29 43.2+£557 <0.001
LDL (mg/dl) 133.9+£32.11 79.7+£20.23 <0.001
Lp(a) (mg/dl) 40.2+6.54 10.5+234 <0.001
Apo-A (mg/dl) 107£19.37  109.1 £18.69 NS

Apo-B (mg/dl) 99.6 £23.55 76.9+£22.62 <0.001
TNF-a (pg/ml) 86.9+14.76 152+423 <0.001
CRP (mg/l) 5.01£1.99 1.20£0.28  <0.001

NS: not significant.

tion and the underlying cellular and molecular mechanisms that
contribute to atherogenesis.>*

Many individuals develop CAD in the absence of abnormali-
ties in the lipoprotein profile. The availability of effective thera-
pies for preventing even a first myocardial infarction renders
imperative the need to identify at-risk individuals, for concerted
intervention, before problems manifest. Based on the evidence
supporting the role of inflammation in the pathogenesis of
atherosclerosis, inflammatory markers have garnered substantial
interest as markers of atherosclerotic risk and add to the informa-
tion available from traditional measures such as lipid profiles.??
In the present study, the roles of CRP and TNF-o were evaluated
as markers of the underlying inflammatory process in North
Indian patients with acute myocardial infarction, and their serum
levels were significantly elevated in the CAD-prone North
Indian patients with AMI, compared to controls.

One of these markers, CRP, has proven remarkably robust as a
marker of cardiovascular risk. Plasma CRP, an acute-phase reac-
tant produced primarily by the liver in response to inflammatory
cytokines such as IL-6, prospectively identifies asymptomatic
individuals at risk for coronary events.”” The pro-atherogenic
functions of CRP include induction of production of inflamma-
tory cytokines and chemotaxis of monocytes, increased expres-
sion of cell adhesion molecules, down-regulation of endothelial

TABLE 3. SPEARMAN CORRELATION OF THE
INFLAMMATORY MARKERS WITH THE LIPID
PARAMETERS IN PATIENTS WITH AMI

Inflammatory parameter — Lipid parameters — r-value p-value

TNF-a v/s Cholesterol 0.058 NS
Triglycerides -0.076 NS
LDL 0.175 NS
HDL —-0.127 NS
Apo-Al —-0.031 NS
Apo-B 0.018 NS
Lp(a) 0.698 0.003

CRP v/s Cholesterol 0.070 NS
Triglycerides 0.159 NS
LDL 0.047 NS
HDL —0.023 NS
Apo-Al 0.107 NS
Apo-B -0.070 NS
Lp(a) 0.714 0.001

NS: not significant.

TABLE 4. UNIVARIATE REGRESSION ANALYSIS OF RISK

FACTORS FOR CAD
Parameter Exp B) 95% CI p-value
Cholesterol 1.032 1.021-1.044 0.000
Triglycerides 1.007 1.002-1.013 0.012
LDL 1.032 1.020-1.043 0.000
HDL 0.899 0.855-0.945 0.000
Apo-Al 0.991 0.977-1.006 0.258
Apo-B 1.040 1.025-1.056 0.000
Lp(a) 1.217 1.159-1.279 0.000
TNF-a 1.108 1.055-1.163 0.000
CRP 2.996 2.216-4.049 0.000
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nitric oxide synthase expression and activity, increased uptake of
LDL-C by macrophages, and stimulation of tissue factor produc-
tion by peripheral blood monocytes.?**

CRP elevation indicates the systemic nature of progres-
sive atherosclerotic disease, which suggests that patients with
enhanced inflammation are generally at high risk for progression
of atherosclerotic disease and may exhibit multiple vulnerable
lesions. The concept of early identification of vulnerable patients
who are susceptible to cardiovascular adverse events seems
appealing, and measurement of inflammatory biomarkers may
be a potent adjunctive tool for this purpose.*

Earlier studies such as the OACIS (Osaka Acute Coronary
Insufficiency study) and the Quebec Cardiovascular study have
shown that CRP levels were significantly raised in the study
group, compared to age- and gender-matched controls.*** The
JUPITER trial has firmly established the utility of CRP as a
biomarker to identify populations that will benefit from preven-
tive therapy. Robert Glynn, the statistician associated with the
project, has conservatively estimated that hsCRP screening
followed by high-dose statin therapy over a five-year period can
prevent more than 250 000 heart attacks, strokes, revascularisa-
tion procedures and premature vascular deaths in the USA alone.
CRP has now emerged as a new diagnostic and therapeutic
modality for the management of coronary artery disease and
stroke.*® Our study echoes the same finding.

CRP plays a major role in regulating lipoprotein metabo-
lism. It promotes uptake of native LDL-C. CRP has also been
shown to significantly reduce cholesterol efflux from THP-1
(human myelogenous leukaemia cell line) and peripheral blood
mononuclear cells to apoA-I or HDL.”” CRP also decreases the
expression of ATP-binding membrane cassette transporter Al
(ABCA1) and ABCG1.*

TNF-o is a pro-inflammatory cytokine produced primarily
by activated monocytes/macrophages in response to a variety
of stimuli.* Recently, TNF-o. has been implicated in the patho-
genesis as well as the progression of atherosclerotic plaques in a
number of ways.” The possible mechanisms postulated include
the enhanced surface expression of ICAM-1, VCAM-1, and E-
and P-selections on endothelial cells.* It also leads to increased
chemokine and scavenger receptor expression.*** Hirschl et al.
concluded that the extent of changes in serum TNF-o concen-
tration is significantly related to estimates of infarct extent,
obtained scintigraphically.*

In a study involving South Indian patients with CAD (acute
myocardial infarction, unstable and stable angina), Rajappa et
al. found that the ratios of pro-/anti-inflammatory cytokines in
all the study groups increased significantly when patients with
unstable angina were compared to other groups.” Ridker et al.
concluded that inflammation plays a major role in the acute
coronary syndromes and that TNF-a gene and protein expression
persisted in the myocytes over time, which suggests a possible
long-term role of this cytokine in vascular remodelling.”

Wojciech et al. conducted a study on the role of inflamma-
tion in promotion of left ventricular (LV) diastolic dysfunction.
The investigators concluded that plasma levels of TNF-alpha
and IL-6 were elevated and there was an association between
immuno-inflammatory activation, reflected by plasma levels of
cytokines, and LV diastolic dysfunction.* The findings of our
study further substantiate the evidence in favour of the pro-ather-
ogenic functions of TNF-a.. We demonstrated the superiority of

the TNF-a. /IL-10 ratio in risk stratification of CAD patients in
a previous study.”

Lp(a) is a complex of apolipoprotein (a) and LDL-C.
Apolipoprotein (a) is an atherothrombogenic moiety that can
competitively inhibit plasminogen activity, leading to impaired
fibrinolysis.* Lp(a) has also been implicated in enhanced oxida-
tion and foam cell formation. Lp(a) functions as a dual pathogen
that is thrombogenic, one through its LDL-like characteristics
and the other through its plasminogen-like properties.” It
forms a link between genetics and two major explanations of
the pathogenesis of atherosclerosis: the fibrin-deposition theory
of Rokitansky and the lipid hypothesis of Virchow.”*> Recently,
it has been proposed that in settings of enhanced oxidative
stress and elevated Lp(a) levels, a pro-inflammatory milieu
may predominate that contributes to the clinical expression of
CAD.53,54

Lipoprotein (a) has a prothrombic role in the pathogenesis
of CAD due to its structural homology with plasminogen and
it has been hypothesised that the former interferes with plas-
minogen activation and creates a thrombogenic milieu. It has
a tendency to self-aggregate and hence, a greater capacity to
bind to glycosaminoglycans and other structures in the vascu-
lar wall. Lp(a) binds avidly to endothelial cells, macrophages,
fibroblasts and platelets, as well as to the sub-endothelial matrix;
and promotes proliferation of vascular smooth muscle cells and
chemotaxis of human monocytes. Due to its unique structural
homology with plasminogen, Lp(a) competes with plasminogen
for binding to plasminogen receptors, fibrinogen and fibrin. It
also induces the production of plasminogen activator inhibitor
1 (the main inhibitor of the fibrinolytic system) and inhibits the
secretion of tissue-plasminogen activator by endothelial cells.”>*
All these effects may be potentiated by concomitant dyslipidae-
mia.”

Anuurad et al. found that the presence of inflammation as
detected by increased levels of CRP and fibrinogen resulted
in increased Lp(a) levels among African-Americans.® It was
shown that a combination of high Lp(a) levels with a high level
of either CRP or fibrinogen was associated with an increased risk
for CAD. These results suggest the possibility of an interaction
between Lp(a) and inflammatory markers and, furthermore, that
the presence of inflammation modulates the risk-factor proper-
ties of Lp(a).®

Quantification of apolipoproteins A and B provides a meas-
ure of the total number of anti-atherogenic and pro-atherogenic
particles in plasma.® The Quebec Heart study demonstrated
accelerated CAD in patients with hyperapolipoproteinaemia-B.*
Our study also showed a significant rise in the atherogenic apoli-
poprotein B levels in AMI patients in the atherosclerosis-prone
North Indian population, compared with control subjects, and
indicates that the measurement of apo-B concentration can more
accurately delineate coronary artery disease than LDL choles-
terol measurement alone.

Yet another finding of our study was the highly significant
positive correlation between TNF-o and lipoprotein (a) in the
CAD-prone North Indian patients with acute myocardial infarc-
tion. The positive correlation between these two parameters
throws some light on the complex interaction between inflam-
mation and dyslipidaemia in the pathogenesis of atherosclerosis
and its ultimate clinical manifestation, namely, acute coronary
syndrome that includes myocardial infarction. The apo(a) gene
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contains response elements for inflammatory factors such as
IL-6.% Ramharack et al. reported that Lp(a) and apo(a) mRNA
levels in primary monkey hepatocyte culture were responsive to
cytokines.*

During inflammation, the lipid changes that are observed are

not only quantitative but also qualitative, with changes in the
composition of lipoproteins. Therefore, the proportion of triglyc-
erides, phospholipids and cholesterol is increased in VLDL, IDL
and LDL particles, whereas the proportion of cholesterol and
triglycerides decreases in HDL particles.® TNF-o. administration
in rodents led to an increase in HMG CoA reductase mRNA
levels.® In addition to the changes in LDL-C levels observed,
a change in LDL size and susceptibility to oxidation of these
particles was also observed.

TNF-a levels in humans correlated negatively with particle

peak size.”” Infection and inflammation was associated not only
with a decrease in HDL cholesterol levels but also with a change
in the composition. HDLs that circulated during infection and
inflammation were depleted in cholesterol esters but enriched
in free cholesterol, triglyceride and sphingolipids.® In addition,
HDL-associated Apo-All and paraoxonase, lecithin:cholesterol
acyl transferase (LCAT), cholesterol ester transport protein
(CETP), hepatic lipase (HL), and phospholipid transfer protein
(PLTP) levels decreased but Apo-B and serum amyloid A levels
increased.®” Because of these changes in HDL metabolism, it
is postulated that the main function of HDL, namely its role in
protecting LDL against oxidation and reverse cholesterol trans-
port, may be decreased in APR.

The present study highlights significantly higher levels of

inflammatory mediators such as CRP and TNF-a in the North
Indian male patients with acute myocardial infarction, compared
with control subjects, and a highly significant positive correla-
tion between Lp(a) and TNF-a levels in male patients in the
atherosclerosis-prone Indian population, clearly pointing to a
role in the interplay of inflammation and dyslipidaemia in the
pathogenesis of CAD in the atherosclerosis-prone North Indian
population.

The strength of this work lies in the fact that the CAD-prone

North Indian population constituted the study population and
there was a large sample size involved. However, the present
study has a few limitations, which include the lack of follow-up
data due to patients’ incompliance and administrative constraints,
which could have provided precious information about the role of
these mediators as markers for risk stratification and prognosis.

Accumulating data indicate that information gained from the

link between inflammation, dyslipidaemia and atherosclerosis
can yield predictive and prognostic information of considerable
clinical utility. New insights into the interplay between dysli-
pidaemia and inflammation in atherosclerosis may aid in iden-
tifying innovative therapeutic strategies to improve outcomes
of individuals at risk for or affected by this scourge growing
worldwide. We therefore stand on the threshold of clinical appli-
cation of the interplay between dyslipidaemia and inflammation
in atherosclerosis, which could fundamentally alter the way in
which we practice preventive medicine, and prove immeasurably
beneficial to the public as well.
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