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Abstract 
The prevalence of Diabetes has increased from 30 
109 million by 2035. India has the largest number 
“diabetes million in 1985 to 65 million in2013 and is  

expected to of diabeticsin the world and experts 
term India as reach capital”. The life expectancy of 
people withdiabetes is reduced by nearly eight 
years due to increased mortality. Coronary artery 
diseaseaccounts for > 80% of all deaths and 75% of 
all hospitalized diabetic subjects. 
Metabolicabnormalities due to diabetes have been 
found to predispose to vascular changes, leading to 
atherosclerosis. Studies reveal some of the 
inflammatory markers – homocysteine, 
Creactiveprotein and lipoprotein(a) help in early 
diagnosis of cardiovascular disease. 
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1. Introduction 
 
The most prevalent form of diabetes mellitus is 
Type 2 Diabetes Mellitus (T2DM). This disorder 
typically makes its appearance later in life. The 
underlying metabolic causes of T2DM are the 
combination of impairment in insulin-mediated 
glucose disposal and defective secretion of insulin 
by pancreatic β-cells (Gerick, 1998; Chisholm 
et.al., 1997).  
 
Insulin resistance develops from obesity and 
physical inactivity, acting on a substrate of genetic 
susceptibility. Insulin resistance typically precedes 
the onset of T2DM and is commonly accompanied 
by other cardiovascular (CVD) risk factors: 
dyslipidemia, hypertension and prothrombotic 
factors (Muller, 1996; Dechenes et.al., 1998). The 
common clustering of these risk factors in a single 
individual has been called the metabolic syndrome. 
The greatest risk factor that constitutes this 
syndrome contributes independently to CVD risk   
(Pimenta, 1995; Humphriss, 1997). 
 
 
 

 
 
1.1 Cvd Related Risk and Mortality 
Diabetic individuals, in general, have higher levels 
of CVD risk factors than non-diabetic counterparts. 
Since the impact of diabetes on the incidence of 
CVD cannot be attributed entirely to a higher level 
of CVD risk factors, it is possible that such 
precursors of CVD have a greater effect in those 
with diabetes than in non -diabetic individuals 
(Hopkins, 1996; Gray, 1998).   Data collected by 
WHO, suggest that in 2010 there were nearly 100 
million heart patients in India.  There are 30 
million according to the WHO findings, men, 
women and children are at risk. By 2040 women in 
India will represent a higher proportion of 
cardiovascular disease mortality than men. With 
regard to incidence of 1 in 3 people aged 65 or 
older suffered from some form of heart disease or 
stroke. Studies have shown that there is an average 
annual increase in rate of heart disease from 7 per 
1,000 to 68 per 1,000 (Mathur et al., 2010). Despite 
earlier treatment, there is a continued incidence of 
CVD, in people with T2DM. The purpose of this 
review is to examine the importance of biomarkers 
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of CVD in such people and thereby reduce the 
deaths caused by cardiac failure. 
 
2. Relationship between Type 2 Diabetes 
and Cardiovascular Disease 
 
The relationship between diabetes and CVD is 
complex and multifactorial. Atherosclerosis is the 
major threat to macrovasulature in diabetes. 
Dyslipidemia is highly correlated with 
atherosclerosis, and up to 97% of patients with 
diabetes are dyslipidemic. In addition to the 
characteristic pattern of increased triglycerides and 
decreased HDL cholesterol found in the plasma of 
patients with diabetes, abnormalities are seen in the 
structure of the lipoprotein particles (Fagot, 2000). 
Dyslipidemia is only one mechanism by which 
diabetes promotes atherosclerosis; endothelial 
dysfunction often contributes. Healthy endothelium 
regulates blood vessel tone, platelet activation, 
leukocyte adhesion, thrombogenesis, and 
inflammation. The net effect of healthy 
endothelium is vasodilatory, anti-atherogenic, and 
anti-inflammatory. When these mechanisms are 
defective, the process of atherosclerosis is 

accelerated (Celermejer, 1997). Therefore, both 
insulin deficiency and insulin resistance promote 
dyslipidemia accompanied by increased oxidation, 
glycosylation, and triglyceride enrichment of 
lipoproteins. In addition, endothelial dysfunction is 
present, and all of these factors contribute to the 
increase in atherogenicity, and thus macro vascular 
disease, found in patients with diabetes (Lewis, 
1998). 
 
Diabetes contributes to defects in the autonomic 
nervous system, the endothelium, and local 
metabolism, all of which can result in micro 
vascular disease. Diabetic autonomic neuropathy 
(DAN) is one factor associated with impaired auto- 
regulation of blood flow in a variety of vascular 
channels, including the skin and the heart (Smith et 
al., 1981). Patients with DAN have increased rates 
of sudden cardiac death as well as a higher overall 
cardiovascular mortality rate. These patients have 
been found to lack the normal cardiac flow reserve 
that is activated under conditions of increased 
demand for myocardial perfusion, which may 
partially explain the high mortality rate in this 
population (Ewing et al., 1980). 

 
Figure 1: The relationship between diabetes and cardio vascular disease is depicted 

 
(Zhaoxia; Tomohiro Nakayama., 2010) 
 
3. Pathophysiology of Type 2 Diabetes and 
Cardio Vascular Disease 
 
Abnormalities in endothelial muscular function, its 
progression towards thrombosis, contribute to 
atherosclerosis and its complications. Endothelial 
cells, because of their strategic anatomic position 
between the circulating blood vessel walls, regulate 
vascular function. In normal endothelial cells, 
biologically active substances are synthesized and 
released to maintain vascular homeostasis, 
ensuringadequate blood flow and nutrient delivery 

and prevents thrombosis and leukocyte diapedesis 
(Kinlay et al., 2001). Among the important 
molecules synthesized by the endothelial cell is 
nitric oxide (NO).This is constitutively produced 
by endothelial NO synthase (eNOS) through a 5-
electron oxidation of the guanidine-nitrogen 
terminal of L-arginine (Moncada et al., 1993).  
 
The bioavailability of NO represents a key marker 
in vascular health. NO causes vasodilation by 
activating guanylyl cyclase on vascular smooth 
muscle cells and in addition, NO protects the blood 
vessel from endogenous injury – atherosclerosis 
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(Radomski et al., 1987). Conversely, the loss of 
endothelium-derived NO permits increased activity 
of the pro -inflammatory transcription factor 
nuclear factor kappa B (NF-κΒ), resulting in 
expression of leukocyte adhesion molecules and 
production of chemokines and cytokines (Zeiher et 
al., 1995). These actions promote monocyte and  

vascular smooth muscle cell migration into the 
intima and formation of macrophage foam cells, 
characterizing the initial morphological changes of 
atherosclerosis (Nomura et al., 2000), decreased 
levels of NO in diabetes initiates atherosclerosis. 
Many of the metabolic abnormalities that occur in 
diabetes, including  
 

 
 

 
(Montogomer; Brown., 2013) 
 
hyperglycemia, excess free fatty acid liberation, 
and insulin resistance, mediate abnormalities in 
endothelial cell function by affecting the synthesis 
or degradation of NO (Collins et al., 2001). 
 
Diabetes increases the migration of vascular 
smooth muscle cells into nascent atherosclerotic 
lesions, where they replicate and produce 
extracellular matrix which initiates lesion 

formation (Suzuki et al., 2001). Vascular smooth 
muscle cell increases cell damage and also 
atherosclerotic lesions. Hence patients with 
diabetes tend to have fewer smooth muscle cells in 
the lesions, which increase the propensity for 
plaque rupture (Fukumoto et al., 1998). 
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4. Inflammation in Diabetes and Its 
Relationship with Bio – Markers 
 
Diabetes has long been considered a state of 
chronic, low-level inflammation, and there is 
evidence to suggest that this immune activation 
may precede insulin resistance in diabetic and pre-
diabetic states and ultimately may be the factor that 
initially increases cardiovascular risk in these 
disease processes (Festa et al., 2000) The role of 
inflammatory bio - markers in linking endothelial 
dysfunction in cardiovascular diseases with 
metabolic disorders, including diabetes, obesity, 
and the metabolic syndrome helps in identifying 
the underlying problems and thereby reduce the 
complications of CVD in diabetic people ( Little et 
al.,1988). 
 
Potential targets for measurements include pro - 
inflammatory risk factors such as oxidized low-
density lipoprotein, pro-inflammatory cytokines 
like interleukin – 1, tumour necrosis factor –α , 
inflammatory stimuli with hepatic effects – 
interleukin-6, products of hepatic stimulation – C-
reactive protein and other indicators of cellular 
responses to inflammation such as homocysteine 
(Tracy, 1998; Plutzky, 2001). 
  
The systemic inflammation may result in elevated 
levels of inflammatory markers that may be 
attributed to atherosclerotic CVD. Increasing 
recognition of the inflammatory component of 
atherogenesis provides the biological plausibility 
for the potential use of inflammatory markers as 
predictors of prevalent or incident CVD (Yarnell et 
al., 1991; Libby, 1990). 
 
Soluble biomarkers measured in plasma have an 
important place in CV risk prediction and indeed 
figure out prominently among the traditional risk 
factors like low density lipoprotein (LDL), high 
density lipoprotein (HDL).There are a few 
proposed markers of CV risk, those that reflect 
inflammation and provide basis for primary 
prevention of atherosclerosis (Libby, 2006). 
 
The concept of inflammation participates in all 
phases of atherosclerosis, from initiation through 
progression and including clinical complications. 
The clinical application of this basic science has 
led to investigations of bio-markers of 
inflammation as additions to the traditional, well 
validated risk factors in cardiovascular event 
prediction (Hansson, 2005). 
 
Bio-markers of inflammation have a number of 
applications in cardiovascular fields: prediction of 
first ever cardiovascular event, determination of 
prognosis in those with established disease, 
providing a target of therapy / serving to guide 

therapy through proper food choices (Sudano et al., 
2006). For this purpose C - reactive protein, 
lipoprotein (a), homocysteine are a few serum 
analysis tools that can be used to predict the 
cardiovascular risk. Imaging approaches, both 
anatomical and functional, have generated great 
interest for cardiovascular risk prediction (Lorenz 
et al., 2007; Zacho et al., 2008). 
 
4.1 Homocysteine and Diabetes 
Homocysteine (Hcy) is a sulphur amino acid and a 
normal intermediate in methionine metabolism. In 
many individuals the level of homocysteine can 
rise beyond normal levels and lead to adverse 
health outcomes. Elevated homocysteine levels can 
be caused by varied factors, including folate and B-
vitamins deficiency, pre-existing atherosclerotic 
disease, diabetes and reaction of various drugs 
(Wierzbicki, 2007). A study conducted by Kilmer 
McCully concluded, that the severely elevated 
levels of homocysteine were directly responsible 
for the various vascular lesions in these individuals 
and he further postulated that moderately elevated 
homocysteine due to heterozygous mutations in 
homocysteine related genes or poor vitamin status 
would also lead to increased risk of cardiovascular 
disease (Cully, 1969). 
 
By the early 1990's, elevated homocysteine was 
being considered an independent risk factor for 
cardiovascular disease (along with cholesterol and 
other lipid markers, age, gender, smoking status, 
obesity, hypertension and diabetes). A prospective 
study of male physicians in 1992 found that acute 
myocardial infarction (MI) or death due to 
coronary disease was statistically related to 
increased homocysteine levels, after adjusting for 
other risk factors (Stampfer et al., 1992). In 1995, a 
key meta-analysis was published by JAMA in 
which 27 studies involving over 4,000 subjects 
concluded that homocysteine was an independent 
risk factor for cardiovascular disease (CVD) and 
estimated that 10% of the population's CVD risk is 
attributable to elevated homocysteine (Boushey et 
al., 1995). In total there are nearly 100 
retrospective and prospective clinical studies 
linking homocysteine levels and increased risk of 
cardiovascular outcomes (Jacobsen, 1998; Haynes, 
2002; Clarke, 2001; Auer, 2001). 
 
According to a recent meta-analysis the 
relationship between homocysteine and 
cardiovascular disease is proven (Herrmann, 2001). 
The authors conclude that lowering homocysteine 
levels to 3 µmol/L would reduce the risk of 
ischemic heart disease by 16%, deep vein 
thrombosis by 25% and stroke by 24% (Wald et al., 
2002). 
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Homocysteine concentrations are a higher risk 
factor for death in type 2 diabetes patients (non-
insulin dependent diabetes) as compared to non-
diabetic patients. Ueland, et al., showed that the 
combined effects of elevated homocysteine levels 
increased the risk of total mortality in 587 diabetes 
mellitus patients who had been diagnostically 
confirmed for coronary artery disease.  The 
investigators concluded that the combination of 
elevated homocysteine and diabetes exponentially 
increased the risk of mortality in diabetic patients 
(Ueland et al., 2001). Hoogeveen, et al., 
demonstrated that among type 2 diabetic subjects 
with  t-homocysteine levels > 14 µmol/L, the 
estimated survival time was significantly shorter 
than type 2 diabetic subjects with homocysteine 
concentrations < 14.0 µmol/L .The elevation of 
homocysteine levels in diabetic patients is believed 
to be related to the degree of diabetic nephropathy, 
especially in type 2 diabetes patients who often 
have metabolic problems and unhealthy lifestyles 
that may contribute to elevated homocysteine 
concentrations compared with non-diabetic 
subjects (Hoogeveen  et al., 2000). 
 
For each 5 µmol/L increase in serum 
homocysteine, the risk of 5 year mortality rose by 
17% in non-diabetics and 60% in diabetic subjects 
(Hoogeveen et al., 2000).  Higher levels of 
homocysteine in the serum increases the risk of 
retinopathies in diabetic subjects, but is not 
correlated to increased risk in non-diabetic subjects 
(Hoogeveen et al., 2000). The relationship between 
homocysteine and diabetes is, it seems that 
improved glycemic control lowers homocysteine 
levels in diabetic patients. In 95 type II diabetics 
followed for 3 years, those patients with improving 
glycemic control measured by glycosylated 
hemoglobin (%HbA1c) had lower homocysteine 
levels than those with increased HbA1c levels after 
3 years (Passaro  et al., 2003). It is possible then, 
that one  way by which diabetes increases 
cardiovascular risk is by increasing homocysteine 
levels- although the means by which this occurs is 
unknown (Wulffele et al., 2003). Measuring and 
treating diabetic patients for elevated homocysteine 
levels may increase the benefit of improving 
glycemic control in the same population. 
Metformin, one of the leading oral hypoglycemic 
drugs used to treat type II diabetics, decreases 
plasma folate and vitamin B12 levels and increases 
homocysteine levels (Schalinske, 2003). 
 
4.2 C-Reactive Protein and Diabetes 
C-reactive protein (CRP) in the blood is a protein 
which measures the levels of inflammation in the 
body. CRP is synthesised by the liver in response 
to the factors released by the macrophages and 
adipocytes. It was the first pattern recognition 
receptor (PRR) to be identified (Hompson, 1999). 

CRP is continuously associated with the risk of all-
causes of CVD and cardiovascular mortality 
(Keavney, 2011). 
 
Major studies demonstrate that levels of CRP in 
healthy individuals can predict risk of heart attack, 
stroke, sudden cardiac death, and the development 
of peripheral arterial disease. Individuals with 
elevated levels of CRP have a risk of 2 to 3 times 
higher than the risk of those with low levels 
(Pradhan et al., 2001). The link between heart 
disease and diabetes is inflammation, and for many 
patients that inflammation, this is because fat cells 
or “adipocytes”, which    produces a messenger 
proteins that turn on the production of CRP (Lopez 
et al., 2005). 
 
A study of over 700 nurses showed 73% high CRP 
levels who consumed high fat than those who 
consumed low (Danesh et al., 2004). Researchers 
from Reykjavik Study also indicated that CRP may 
be only a moderate risk factor for cardiovascular 
disease (Pepys et al., 2006), Jupiter trial studies 
have found elevated CRP levels with 
hyperlipidemia (Jialal, 2001). In a meta-analysis of 
20 studies involving 1,466 patients with coronary 
artery disease, CRP levels were found to be high. 
The levels were reduced with regular exercise 
interventions (Swardfager et al., 2012). Further to 
confirm   CRP as a bystander or active participant 
in atherogenesis, a 2008 study compared people 
with various genetic CRP variants, which showed 
that those with high CRP due to genetic variation 
had increased risk of cardiovascular disease 
compared to those with a normal or low CRP 
(Zacho et al., 2008) . 
 
Since many factors are implicated in elevating 
CRP, hence it is not considered as a 
specific prognostic indicator for CVD (Lloyd et al., 
2006). Nevertheless, a level above 2.4 mg/L has 
been associated with a doubled risk of a coronary 
event compared to levels below 1 mg/L (Pincus et 
al., 2007). Another study showed that the patients 
who had been diagnosed with unstable angina 
pectoris had elevated levels of CRP and can be a 
predictor of acute coronary events in the general 
population (De Maat et al., 2004). The American 
Heart Association and U.S. Centers for Disease 
Control and Prevention have defined risk groups as 
follows - Low Risk: less than 1.0 mg/L, Average 
risk: 1.0 to 3.0 mg/L , High risk: above 3.0 mg/L 
(Goldman ; Lee, 2011). But hs-CRP is not to be 
used alone and should be combined with elevated 
levels of cholesterol, LDL-C,triglycerides , and 
glucose level (Pearson et al., 2003). 
 
4.3 Lipoprotein (A) and Diabetes 
Lipoprotein (a) has long been suspected of 
contributing to cardiovascular risk. But researchers 
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identify it as an independent predictor for heart 
attack (Nordestgaard et al., 2010). Lipoprotein (a), 
also known as Lp(a), consists of LDL cholesterol 
bound to the protein apolipoprotein(a). Apo (a) is 
expressed by liver cells (hepatocytes), and the 
assembly of apo(a) and LDL particles seems to 
take place at the outer hepatocyte surface. The half-
life of Lp(a) in the circulation is about 3 to 4 
days (Danesh et al., 2000). 
 
Researchers Borge Nordestgaard, MD, and 
colleagues assessed genetic variations in the gene 
that controls Lp(a) levels in the blood of close to 
45,000 participants in three large long-term, 
follow-up studies conducted in Denmark 
(Smolders, 2007). They found that heart attack risk 
increased as lipoprotein (a) levels rise, based upon 
the underlying genetic code. The association was 
found in all three studies. These findings suggest an 
association of elevated lipoprotein (a) levels with 
increased CVD risk (Pauling, 1992). 
 
Lp(a) indicates a coagulant risk of plaque 
thrombosis (Gouni, 2011). Apo (a) contains 
domains that are very similar to plasminogen 
(PLG) (Sotiriou et al., 2006). Lp(a) accumulates in 
the vessel wall and inhibits binding of PLG to the 
cell surface, reducing plasmin generation which 
increases clotting. This inhibition of PLG by Lp(a) 
also promotes proliferation of smooth muscle cells. 
These unique features of Lp(a) suggest Lp(a) 
causes generation of clots and atherosclerosis 
(Tsimika, 2008). Also, type 2 diabetes mellitus has 
a strong genetic component of dyslipidemia which 
serve as a common basis for CVD risk (Christian, 
2003). 
 
Numerous studies show a strong correlation 
between elevated Lp(a) and CVD, has led to a 
conclusion that Lp(a) is an important, independent 
predictor of cardiovascular disease (Caplice et al., 
2001). Several animal studies have shown that 

Lp(a) may directly contribute to atherosclerotic 
damage by increasing plaque size, inflammation, 
instability, and smooth muscle cell growth. Genetic 
data also support the theory that Lp(a) causes 
cardiovascular diseas (Ichikawa et al., 2002). 
 
The European Atherosclerosis Society currently 
recommends that patients with diabetes should 
have their lipoprotein (a) levels analysed and a 
higher level of Lp (a) shows that- they are at risk 
for cardiovascular disease. The relationship 
between Lp(a) and ethnicity have shown 
inconsistent results (Klausen et al., 1997).  
 
Lipoprotein (a) levels seem to differ in different 
populations. Studies have shown in some African 
populatation, Lp(a) levels are, on average higher, 
than other groups, so that using a risk threshold of 
30 mg/dl would classify up to > 50% of the 
individuals as higher risk (Paultre et al., 2000). 
Another study showed that in different ethnic 
groups, different genetic alterations were 
associated with increased Lp(a) levels (Helmhold 
et al., 1991). 
 
Atherosclerosis Risk in Communities (ARIC) 
conducted a population based study of blacks and 
whites followed up to 20yrs, reported positive 
association between Lp(a) levels and CVD risk 
events in both races. However, the association 
between ischemic strokes as Lp(a) levels was 
robust in blacks.  (Virani et al., 2012). 
 
Appropriate levels of risk are indicated by the 
results below. A standardized international 
reference material has been developed and is 
accepted by the WHO Expert Committee on 
Biological Standardization and the International 
Federation of Clinical Chemistry and Laboratory 
Medicine (Marcovina et al., 2000). The Desirable 
levels: < 14 mg/dL (< 35 nmol/l), Borderline risk: 
14 - 30 mg/dL (35 - 75 nmol/l), High risk: 31 - 50 

 
Table 1: Risk Levels of the Bio Markers 

Inflammatory Markers Homocysteine C-Reactive Protein Lipoprotein (A) 
Moderate 15-30 µmoles/L < 1.0mg / L       -------- 
Intermediate 30-100 µmoles/L <2.9 Mg / L         -------- 
Severe >100 µmoles/L > 3.0 Mg/L >=30 Mg/Dl 

mg/dL (75 - 125 nmol/l), Very high risk: > 50 
mg/dL (> 125 nmol/l) (Dati Fet al, 2004). 
 
5. Influence of Diet on Inflammation and Its 
Influence on the Glycemic Control  
 
Data obtained from the National Health and 
Nutrition Examination Survey (NHANES), 
demonstrated that grains (mainly refined) have 
contributed to the bulk of the rise in caloric intake 
in the last 60 years (Shanahan, 2010). Increased  
 

 
consumption of added sugars, processed grains, 
and saturated fat contributes to excess weight gain, 
which is an influential risk factor in the 
development of T2DM (Salmerón., 2001). Results 
from the Diabetes Prevention Program (DPP) have 
shown an increase in   58% of diabetes due to 
dietary and life style changes (Knowler et al., 
2002). 
 
Inflammation is present prior to the development of 
T2DM and cardiovascular disease (CVD), 
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contributing to evidence to support the “common 
soil” hypothesis, which is a reference to the 
common risk factors for the development of these 
two diseases  (Stern et al., 1995) . CVD is one of 
the major complications and causes of death in 
persons with T2DM, supporting this hypothesis 
(Turner et al., 1998). The Multi-Ethnic Study of 
Atherosclerosis (MESA) showed that higher levels 
of the inflammatory markers, C-reactive protein 
(CRP) and interleukin (IL)-6 which were 
associated with an increased risk of developing 
T2DM (Bertoni et al., 2010). Chronic inflammation 
in T2DM can become adverse in conditions of 
obesity and overexpression of proinflammatory 
proteins like CRP and cytokines (IL-1β, IL-6), and 
tumor necrosis factor-alpha (TNF-α) (Duncan et 
al., 2003). Inflammation is further stimulated by 
stress, which can be induced by environmental, 
behavioural, individual or psychosocial factors 
(Kang et al., 2010). Diet-induced Hyperglycemia 
and hypertriglyceridemia are significant stressors 
that have also been shown to cause chronic 
inflammation and contribute to the pathogenesis of 
T2D (Astrup, 2000). 
 
It is suggested that inflammation may be reduced 
by modulation of oxidative stress and imbalances 
innate immune system, which inturn can lead to 
improved insulin sensitivity and delayed onset of 
CVD risk .(Salmeron,1997). 
 
Dietary supplementation with anti-inflammatory 
and antioxidant nutritional factors, such as 
micronutrients, can present a novel strategy toward 
the prevention and control of T2DM at the 
population level (Vega, 2004).      

 
5.1 Effect of Nutrients on Chronic Inflammation 
It is well known that diet can influence 
inflammatory markers in the body. Clinical 
biomarkers of inflammation are used to study the 
effect of dietary constituents on inflammation. C-
reactive protein (CRP), which is an acute phase 
reactant protein, is a common clinical biomarker of 
cardiac-related inflammation and also a general 
marker of inflammation. Other common clinical 
indicators of inflammation are a high erythrocyte 
sedimentation rate (ESR), a high white blood cell 
count, and a low albumin level is the most 
important ones (Libby, 2007). 
 
5.2 Carbohydrates and Glycemic Index of 
Foods 
Carbohydrates and Glycemic Index Diets with 
relatively high glycemic index (GI) and glycemic 
load (GL) have been associated with elevated risk 
of coronary heart disease, stroke, and type 2 
diabetes mellitus. Dietary GI, the mean propensity 
of carbohydrate in an individual’s diet to increase 
blood glucose level, and dietary GL, the product of 

dietary GI and quantity of carbohydrate, have 
shown inconsistent relationships to HS-CRP in 
observational studies (Liu, 2007). In the Harvard 
Women’s Health Study, blood levels of HS-CRP 
showed a small but progressive increase across 
quintiles of dietary GI, with a highly significant 
difference between first and fifth quintiles, even 
with multivariate statistical adjustment. There was 
no significant association between HS-CRP and 
GL. Similar findings were reported in a smaller 
study from the Netherlands (Ridker, 2001). In the 
Dutch study, each 10-unit increase in dietary GI 
was associated with a 29% increase in HS-CRP 
(Freeman, 2002). A study from Tufts University 
compared the metabolic response to weight loss in 
healthy, overweight individuals consuming diets of 
low and high GL. The only significant difference 
between the 2 groups was a greater decrease in HS-
CRP among the low GL dieters. In contrast, a 
prospective study done at the University of 
Massachusetts found no relationship between GI or 
GL and HS-CRP among a population with a 
relatively high mean GI and GL (Diabetes care, 
2004). It is possible that the relationship between 
carbohydrate quality and inflammation may only 
be measurable with relatively low GI diets. Fiber 
content of the diet may influence the relationship 
between carbohydrate quality and systemic 
inflammation. A recent review of 7 studies on the 
relationship between weight loss and HS-CRP 
reported that for 6 studies in which fiber 
consumption was quantified, significantly greater 
reductions in HS-CRP concentrations (25–54%) 
were seen with increased fiber consumption (≥3.3 
g/MJ). The Women’s Health Initiative failed to 
detect an effect of fiber consumption on HS-CRP, 
but found a significant inverse relationship between 
habitual dietary fiber intake and interleukin-6 (IL-
6) and tumor necrosis factor-alpha (TNF-α), 
important mediators of inflammation. The effect 
occurred at relatively high fiber consumption (24 
g/day) and held for both soluble and insoluble 
fiber. The impact of fiber may be related to its 
effect on glycemia (Ridker, 2001). An Italian study 
found that the inverse association between fiber 
intake and HS-CRP was independent of weight but 
associated with reduction in fasting glucose with 
higher consumption of dietary fiber (Libby, 2002). 
 
5.3 Fat: Quality and Quantity 
An analysis of data from the National Health and 
Nutrition Examination Survey (NHANES), found 
that levels of saturated fatty acids (SFA) in serum 
phospholipids were positively correlated with HS-
CRP and the other inflammatory marker 
fibrinogen. By contrast phospholipid 
polyunsaturated fatty acid (PUFA) levels were 
inversely associated with HS-CR (Melanson, 
2009). A study of Indian adolescents and young 
adults found that dietary SFAs were the single most 
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important nutrient contributing to increases in 
serum HS-CRP levels, after adjusting for relevant 
variables. For every 1% decrease in energy intake 
from SFA, HS-CRP was calculated to decrease by 
0.14 mg/ (Sacks, 2009). But however a Swedish 
study of healthy elderly men and women failed to 
identify a relationship between levels of SFA and 
HS-CRP (Shai, 2008). Trans-fatty acid (TFA) 
consumption has also been positively associated 
with markers of systemic inflammation. In the 
Harvard Nurses Health Study, TFA intake was 
positively associated with soluble TNF-receptor. 
TFA intake was not associated with IL-6 or HS-
CRP concentrations overall but was positively 
associated with IL-6 and HS-CRP in women with 
higher BMI, and HS-CRP levels were 73% higher 
among those in the highest quintile of TFA 
compared with the lowest quintile. TNF-α levels 
were positively associated with TFA and SFA 
consumption in patients with congestive heart 
failure, and event-free survival was decreased in 
patients with higher TNF-α (Lovegrove et al., 
2010). Consumption of PUFAs in general and ω-3 
fatty acids in particular showed the opposite 
association. A recent review of observational and 
interventional data concluded that the TFA pro-
inflammatory effects (increased TNF-α, IL-6, and 
HS-CRP) were associated with markers of vascular 
endothelial dysfunction and were most striking 
when compared with the effects of unsaturated 
fatty acids .Numerous experimental and 
observational studies in humans have found an 
inverse association between dietary consumption of 
ω-3 fatty acids (ω-3 PUFA) and systemic markers 
of inflammation. In the MESA (Multi-Ethnic Study 
of Atherosclerosis) study, long-chain ω-3 PUFA 
intake was inversely associated with plasma 
concentrations of IL-6 and the inflammatory 
marker independent of other variable (Due, 2008 
).In an observational study from Australia, plasma 
HS-CRP concentration was negatively correlated 
with blood levels of total ω-3 fatty acids and 
eicosapentaenoic acid (EPA, 20:5n3). Among 
patients with stable coronary artery disease (CAD), 
levels of EPA and docosahexaenoic acid (DHA, 
20:6n3) in erythrocyte membrane lipids were 
inversely associated with HS-CRP and IL-6. The 
inverse association of ω-3 fatty acids with HS-CRP 
and IL-6 was not modified by multiple variables, 
including statin use. Among young Japanese 
women, a protective effect of ω-3 PUFAs against 
HS-CRP elevation was found only when ω-3 
PUFAs supplied greater than 1.1% of dietary 
calorie (2008). PUFA consumption shows variable 
effects on inflammation.  Higher dietary ω-6 
PUFAs may increase the quantity of ω-3 PUFAs 
needed to reduce inflammatory markers, thereby 
reducing the process of inflammation (Vessby, 
2001;  Padilla , 2006; Tushuizen , 2006). 
 

5.4 Dietary Proteins and Amino Acids 
A number of studies have evaluated the potential 
use of soy protein in the prevention of diseases 
with inflammatory responses. Some clinical 
trials have specifically evaluated the effects of soy 
protein or soy food consumption on CRP and other 
inflammatory biomarkers (Wells, 2005). 
 
Analysis of data collected from the Third National 
Health Nutrition and Examination Survey 
(NHANES), a U.S. national survey, indicated 
higher intakes of the amino acid arginine were 
associated with lower levels of CRP (Visek, 1986). 
Common sources of arginine like meat, poultry, 
fish, dairy products, eggs, and cereal, nuts, 
especially peanuts should be included in the diet 
(Salas, 2008) 
 
5.5. Micronutrients 
Several micronutrients are related to diseases that 
have inflammatory components, 
e.g., cardiovascular diseases, type 2 
diabetes, inflammatory bowel disease, chronic 
obstructive pulmonary disease (COPD), and 
rheumatoid arthritis. Some observational studies 
have reported dietary intake or blood levels of 
individual micronutrients to be inversely associated 
with certain biomarkers of inflammation, 
especially CRP (U.S. Department of Agriculture, 
2009).  
 
5.5.1 Magnesium 
The National Health and Nutrition Examination 
Survey (NHANES) 1999-2000, a U.S. national 
survey, found adults who consumed less than the 
RDA of magnesium were 1.48 to 1.75 times more 
likely to have elevated CRP levels compared to 
those who consumed at least the RDA. This survey 
found that 68% of the sample consumed less than 
the RDA of magnesium (King, 2005).Body status 
of certain vitamins may also affect inflammatory 
processes. The analysis of data from a cohort of 
891 elderly adults participating in the Framingham 
Heart Study indicated that low vitamin B6 status 
was associated with higher CRP levels; this 
association was independent of plasma 
homocysteine (Friso et al., 2001). In this study, 
vitamin B6 status was assessed by measuring 
plasma levels of pyridoxal 5’-phosphate (PLP). 
PLP is the active form of the vitamin and 
considered to be a good indicator of long-term 
body stores (Morris et al., 2008). 2003-2004 
NHANES study showed higher vitamin B-6 intakes 
were linked to protection against inflammation and 
the vitamin B-6 intake associated with maximum 
protection against vitamin B-6 inadequacy was 
increased in the presence compared to absence of 
inflammation (Morris et al., 2010). 

 
 



Ph ton                                                                                                                                                                   269                                                                                                                             

 

5.5.2. Vitamin C 
Adequate dietary intake of 
the antioxidant vitamin, vitamin C, is also 
important because free radicals have pro-
inflammatory effects (Seaman, 2002).A cross-
sectional study of 3, 258 men (aged 60-79 years) 
participating in the British Regional Heart Study 
found that both dietary intake and plasma levels of 
vitamin C were inversely related to CRP levels 
(Wannamethee , 2006). Higher vitamin C levels 
were also associated with lower CRP levels in the 
NHANES III, which included data from 14,519 
U.S. adults (Wannamethee, 2006). 
Several epidemiological studies results have 
indicated that vitamin C may help protect 
against coronary heart disease. Additionally, low 
plasma and leukocyte concentrations of vitamin C 
have been observed in patients with sepsis - a 
clinical syndrome characterized by whole-body 
inflammation that can lead to organ failure (Ford, 
2003). 

 
5.5.3. Vitamin D 
Several human studies have reported associates 
between vitamin D deficiency or impaired vitamin 
D status with various inflammatory diseases, such 
as Crohn’s disease and other inflammatory bowel 
diseases (Padilla., 2006; Tushuizen, 2006; Wells , 
2005; Visek ,1986; Salas, 2008; U.S. Department 
of Agriculture, 2009).Vitamin D status may also be 
linked to cardiovascular diseases and 
certain cancers A role for vitamin D in 
inflammation is supported by studies in laboratory 
animals. In particular, mice lacking the vitamin D 
receptor or the vitamin D activating enzyme, 25-
hydroxyvitamin D3-1-hydroxylase, have increased 
susceptibility to inflammation of 
the gastrointestinal tract (King, 2005; King, 2001; 
Morris, 2008). 
 
5.5.4. Vitamin E 
Vitamin E has effects on inflammatory processes 
due to the antioxidant functions of alpha-
tocopherol (Calder, 2009). Alpha-tocopherol exerts 
anti-inflammatory effects through a number of 
different mechanisms, by decreasing levels 
of CRP and pro-inflammatory cytokines and by 
inhibiting the activity of protein kinase, an 
important cell-signalling molecule, and other 
enzymes, such as cyclooxygenase-2 (Singh, 2005). 
Results of some animal studies suggest that vitamin 
E may also have utility in the treatment 
of rheumatoid arthritis, but more research in 
humans is needed (Jiang , 2003). In addition, some 
cell culture and animal studies indicate 
that gamma-tocopherol has anti-inflammatory 
activities (Jiang, 2000) 
 

 
 

5.6. Dietary Phytochemicals 
5.6.1. Carotenoids 
Various dietary phytochemicals could affect 
inflammatory processes within the 
body. Carotenoids, the yellow, orange, and red 
pigments synthesized by plants, have a number of 
different biological activities. In one study, the 
carotenoid beta-carotene displayed anti-
inflammatory activity by inhibiting pro-
inflammatory gene expression through suppressing 
the activation of NFκ-B, a redox-
sensitive transcription factor (Bai et al., 2005). 
Specifically, a decrease in expression of various 
pro-inflammatory genes was seen with beta-
carotene treatment when an endotoxin was used to 
induce inflammation in macrophages in vitro as 
well as mice in vivo (Stefano et al., 2007). The 
carotenoids, lycopene and astaxanthin, have also 
been shown to exhibit anti-inflammatory activities 
in cell cultures and animal models (Kim et al., 
2004) Sources of lycopene include tomatoes, red 
grapefruit, red watermelon, and guava, while the 
main dietary sources of astaxanthin include salmon, 
shrimp, and other seafood (Maiani et al., 2009). 

Additionally, the putative anti-inflammatory effect 
of various carotenoids has been examined in 
humans. Some epidemiological studies have 
observed serum levels of certain carotenoids, 
including alpha-carotene, beta-carotene, beta-
cryptoxanthin, lycopene, lutein, and zeaxanthin, to 
be inversely associated with circulating levels 
of CRP, a cardiovascular and general marker of 
inflammation (Van Herpen-Broekmans et al., 
2004). Consumption of fruits and vegetables, in 
general, has been inversely associated with CRP 
levels and other biomarkers of inflammation 
(Esmaillzadeh et al., 2006). In two 
small intervention trials, consumption of tomato 
juice or a tomato-based soft drink was associated 
with decreased markers of inflammation 
(Hermsdorff., 2004).  Larger clinical trials are 
needed to determine whether lycopene or other 
carotenoids help reduce inflammation and risk of 
associated diseases (Jacob, 2008). 
 
 5.6.2. Flavonoids 
Another class of phytochemicals with anti-
inflammatory effects includes the flavonoids, a 
large family of polyphenolic compounds that 
consists of several subclasses: flavanols, flavonols, 
flavanones, flavones, isoflavones, and 
anthocyanidins.. Several in vitro studies and a 
few in vivo animal studies have shown that various 
flavonoids, such as quercetin, kaempferol, and 
genistein, possess anti-inflammatory properties, 
limited studies on the effect of flavonoid intake on 
inflammatory processes are currently available in 
humans (Riso et al., 2006). 
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Analysis of data from the National Health and 
Nutrition Examination Survey (NHANES) 1999-
2002, a cross-sectional study of U.S. adults, 
indicated that total flavonoid intake was inversely 
related to serum concentration of CRP (Garcia, 
2009). Similar inverse associations were found for 
flavonol, anthocyanidin, and isoflavone intakes as 
well as intake of select individual flavonoids, 
including quercetin, kaempferol, genistein, 
diadzein, malvidin, and peonidin. All of these 
associations were independent of fruit and 
vegetable consumption (Garcia, 2009). However, 
a prospective study in a cohort of 38,018 women 
participating in the Women’s Health Study, 
followed for almost nine years, did not observe 
flavonoid intake to be related 
to plasma concentrations of CRP or risk of 
developing type 2 diabetes mellitus. This study 
found consumption of flavonoid-rich apples was 
associated with a significantly reduced risk of type 
2 diabetes. Tea also contains high levels of 
flavonoids, and regular consumption of tea may 
help prevent chronic diseases associated with 
inflammation, such as cardiovascular 
disease and cancer (Chun, 2008). 
 

5.6.3. Other Dietary Phytochemicals 
A six-week, placebo-controlled trial in 20 healthy 
adults associated consumption of an extract 
of Polygonum cuspidatum that contained 20% 
resveratrol (equivalent to 40 mg/day of trans-
resveratrol) with decreased plasma levels of TNF-
alpha, a pro-inflammatory cytokine, and reduced 
nuclear binding of NFκB, a pro-
inflammatory transcription factor (Song., 2005). 
Other phytochemicals, namely curcumin and 
garlic-derived compounds, have been shown to 
exhibit anti-inflammatory properties, mainly in cell 
culture or animal studies. Additionally, a high dose 
of the spice, ginger, has been shown to have anti-
inflammatory effects in rats (Ghanim et al., 2010). 
Large-scale, randomized controlled trials are 
needed to determine the effects of these 
phytochemicals on inflammatory processes and 
associated risk factors in humans (Ghanim et al., 
2010). 

 
5.6.4. Other Dietary Compounds 
Alpha-lipoic acid is a naturally occurring 
compound that is synthesized in small amounts by 
the body. It is also obtained in the diet from 
tomatoes, green leafy vegetables, cruciferous 
vegetables, and other sources. Endogenousalpha-
lipoic acid functions as 
a cofactor for mitochondrial enzymes important in 
the generation of energy. When provided as a 
dietary supplement, however, alpha-lipoic acid may 
display a number of other biological activities, 
including antioxidant and anti-inflammatory 
functions. Results from studies in cell cultures and 

animal models have shown the compound has anti-
inflammatory properties (Thomson, 2002), but 
human data are extremely limited. A small 
placebo-controlled trial in patients with metabolic 
syndrome found that supplementation with alpha-
lipoic acid (300 mg/day) for four weeks resulted in 
a 15% decline in plasma levels of interleukin-6, an 
inflammatory marker of atherosclerosis (Shay, 
2009). 

 
6. Risk Assessment of Cvd among 
Diabetes 
 
The major objective for risk assessment would be 
to identify subclinical CVD in patients with 
diabetes, which would lead to a change in clinical 
and diet management that would result in an 
improvement in morbidity and/or mortality status. 
Risk assessment must take into account the major 
risk factors (cigarette smoking, elevated blood 
pressure, abnormal serum lipids and lipoproteins, 
homocysteine ,c-reactive  and hyperglycemia) and 
predisposing risk factors (excess body weight and 
abdominal obesity, physical inactivity, and family 
history of CVD). Patients with T2DM are known to 
be at increased risk of CVD (Sola et a.l, 2005), 
moreover, patients with diabetes have an increased 
risk of cardiac events once the diagnosis of CVD 
has been established. Because of this increased 
risk, the AHA designates T2DM as a “coronary 
risk equivalent” (Wilson, 1998; Stevens, 2001). 
 
Conclusion 
 
The rising epidemic of type 2 diabetes mellitus is 
promoting an extremely high risk for heart 
diseases. Effective drugs and guidelines for 
lifestyle changes have to be made to control 
cardiovascular risk factors.  However, further 
therapeutic approaches are also needed. Novel 
therapies can be best conceived through a thorough 
understanding of the cellular and molecular 
mechanisms of diabetes-induced heart disease.  
 
Strategies to prevent the development of cardio 
vascular disease in diabetic and possibly 
prediabetic subjects should emphasize a 
multifactorial approach which should include : a) 
improved glycemic control;  b) analysing bio-
markers in the serum to identify the risk of CVD c)  
treatment  for cardio vacular disease, including 
insulin resistance: d) use of glucose lowering 
agents that improve insulin sensitivity and 
cardiovascular risk factors  and e) effective 
nutrition modulation to help control elevated levels 
of bio-markers and insulin levels. 
 
Intensive work in this area will serve the nation to 
reduce the mortality rate among diabetics. Data 
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provided by these studies reported in this review, 
holds promise in this regard. 
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