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Abstract 

Cardiovascular disease (CVD) is the primary cause of morbidity and mortality in patients with diabetes and 
have approximately 2-4 times higher CVD rate than adult without diabetes. Although several newer  markers 

of CVD emerging. A standard traditional lipid profile consists of total cholesterol (TC) , LDL-C &  

triglyceride (TG). Although levels of LDL-C are the primary focus of dyslipidemia screening in diabetic 
people but relying on LDL-C targets alone can be misleading in such patients. Since, they produce highly 

atherogenic VLDL & IDL lipoproteins as well as small dense atherogenic LDL particles, inspite of normal 

LDL-C values. So, residual risk for such events persistently elevated atherogenic particles concentration 

which has given rise to the debate as to whether non HDL-C &/or apo B should supplant LDL-C. 

Non HDL-C might be a useful key standard modified risk factor and better predictor of atherosclerosis in T2 
diabetic patients. 

Ceruloplasmin (Cp) is a member of inflammation sensitive plasma proteins (ISPs) family that is used in 

clinical practice to measure the degree of inflammation. 

This study was designed to evaluate the Non HDL-C as CVD risk markers in T2DM. To associate the markers 

of lipid profile (Non HDL-C), inflammatory profile (Cp) and metabolic profile (glucose) determination with 
OPD events in patients with type 2 diabetes (T2D) to describe the predictors of mortality in this population.  

There was increased Non HDL-C, TC & Cp in DM subjects; HDL-C was significantly decreased in T2DM 
patients when compared to controls. (P<0.05) 

The present study observation revealed that Cp, Non HDL-C, TC & HDL-C strongly correlated with CVD in 

diabetes, these biomarkers can be used as the simple, cost effective & cumulative markers of CV risks in 

T2DM. 
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1. Introduction 

 

CVD is the primary cause of morbidity and 

mortality in patients with diabetes and 

accounts for approximately 65% of overall 

death with diabetic complications 

(American Diabetes Association, 2011). 

 

Studies also show that, the prevalence has 

increased in patients with DM have a 

markedly increased risk for macrovascular 

disease. A person with diabetes and no 

known CVD has the same risk as a person 

without diabetes who has already had a CV 

event. (Harmel AP; 2002). 

 

The main cause of CVD development is 

atherosclerosis and among the various 

factors for developing increased CV risk in 

diabetes, lipid abnormalities or lipidemia, 

inflammation is the major contributor. (A 

Pandeya et al;2012). 

 

Atherosclerosis is a multifactorial process, 

involving interactions among immune, 

coagulation, vascular system and 

dyslipidemia is leading risk factors for 

atherosclerotic plaque formation and 

development of CHD events. (Wong ND et 

al;2003) 

 

LDL is the primary carrier of cholesterol in 

plasma. (Chapman MJ, Caslake M; 2004) 

LDL can penetrate the arterial Wall with 

easily be taken up directly by macrophages 

and participate in foam cell formation thus 

initiating the lipid laden plaque. (Sniderman 

AD 2001; Hodis HN; 1999) At the same 

time, LDL exchanges core lipids with very 

low density lipoproteins (VLDL) to become 

triglyceride (TG) rich and  undergo 

lipolysis, resulting in a smaller and denser 

LDL particles. These compacted lipid 

depleted LDL particles are greater in both 

number and atherogenicity than normal size 

LDL. (Marcovina S, Packard CJ; 2006) 

 

Certain examing Non HDL-C could explain 

some of this residual risk for CAD events in 

DM, hypertension, smoking & physical 

inactivity patients. It is important to note 

that Non HDL-C represents the cholesterol 

content present in all the atherogenic 

 
lipoproteins. (Frick MH, et al; 1987) 

 

Many recent studies point out important role 

of free radical activity, changes in serum 

protein composition, inflammation and 

consequent endothelial dysfunction. (Aruna 

D.P. etal; 2001) 

 

Cp is a member of inflammatory sensitive 

plasma proteins family that is used in clinical 

practice to measure the degree of 

inflammation. Increased hepatic synthesis 

ISPs which are known as important CVD risk 

factors. (SeyyedMorteza Safavi, 2012) 

 

Low grade chronic inflammation is now 

recognizes as a prominent process in the 

development of atherosclerosis and coronary 

heart disease. The induction of inflammation 

may well provide a link between 

hyperlipidemia and atherogenesis. 

Atherosclerosis is now considered a 

“systemic disease” featured by low grade 

arterial inflammatory lesions that can develop 

through the disease progression. (Maririta 

Dessi, Annalisa Noce, etal, 2013) 

 

The ambiguities and dilemma may be 

simplified in the recommendation and 

utilities of recent inflammatory marker such 

as ceruloplasmin, lipid profile like TC, HDL- 

C and Non HDL-C and metabolic marker 

glucose used for CV risk assessment are still 

present. 

 

The current approach to evaluating CVD risk 

in asymptomatic diabetic individuals remains 

suboptimal. 

 

2. Materials and Methods 

 

Selection of subjects 
This case control study carried out in the 

department of biochemistry MGM 

Aurangabad Total of 100 subjects 

irrespectively of both sexes were selected of 

them 50 were type 2 diabetics and 50 were 

non diabetics individuals, who presented in 

the biochemistry lab for general health check 

up , patients attendant were enrolled, There 

are ranged between 40-65 years having 

already diagnosed T2DM during this period 
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March 2017 to July 2017 were recruited for 

the study. 

 

Aim and objectives of the study 

-To estimate the lipid profile including TC, 

HDL-C & Non HDL-C in uncomplicated 

T2DM and compared with healthy controls. 

- To measured ceruloplasmin in T2DM 

subjects and compare with normal controls, 

- To correlate Cp & Non HDL-C in T2DM 

patients. 

 

Study design 

A comparative case control study, was 

ranging a period of six months from 

January 2017-June 2017 

 

Inclusion criteria 
The previously diagnosed and confirmed 

case of DM according to definition of DM. 

Criteria published by American Diabetes 

Association / WHO were used for defining 

DM. 

 

Group I:- consisted 50 T2DM patients 

Group II:- consisted 50 normal healthy 

controls 

The baseline examination consisted of 

personal interviews, physical examination 

and laboratory tests. Participants are at least 

12 hr overnight fasting &3 ml of blood was 

collected in test tubes for the separation of 

serum. Estimation was carried out within 6- 

8 hrs. 

 

Exclusion criteria 

Patients having history of ischemic heart 

disease, obstructive liver disease, thyroid 

disease, renal disease or suffering from 

acute illness, pregnant & lactating mother, 

hypo lipoprotein drugs were also excluded. 

 

Laboratory investigations 

1. Serum glucose enzymatic GOD-POD 

method, 

2. Serum TC CHOD-PAP enzymatic 

method, 

3. Serum HDL-C direct enzymatic method, 

4. Serum Cp Turbidometric Immuno assay 

quantitative method. 

All the above biochemical parameters were 

estimated on Erba Mannheim fully auto 

analyzer in all cases and controls. 

 

Statistical analysis 

Relevant statistical tests were done is Minitab 

software (P<0.05) was taken as lowest level 

of significance. 

 

3. Results 

 

Total of 50 T2DM ambulatory patients 

selected for the study. Among them 26 were 

males (52%) and 24 were female (48%) with 

average age of 51.96±7.25 years ranging 

between 40-65 years. 50 healthy subjects 

were taken as controls. Among them 28 were 

males (56%) and 22 were females (44%) 

average of (50.96 ± 8.16) years their ages 

ranging between 40-65 years. 

 

In this study TC. Non HDL-C and Cp were 

found to be statistically increased in T2DM 

patients when compared to controls. The lipid 

profile measurements in T2DM patients were 

TC   (189±16.6)   mg/dl, HDL-C(47.30±6.46) 

mg/dl , Non HDL-C (141.7±19.2) mg/dl and 

Cp (65.46±6.45) mg/dl and in healthy control 

TC (157.2±15.2) mg/dl , HDL-C 

(43.72±6.21)mg/dl   ,    Non   HDL-C  (113.5 

±16.1) mg/dl and Cp (32.88±8.33) mg/dl 

respectively. T2DM patients have greatly 

increased CVD risk compared with non- 

diabetic healthy individuals; therefore it is 

important to identify factors that may 

increase CVD risk in these patients. 

 

The lipid parameters in the present study was 

found to be altered with statistically 

significant increase in TC, Non HDL-C & Cp 

compared to healthy control. 

 

4. Discussion 

 

The most common pattern of dyslipidemia in 

T2D patients i.e. lipid changes associated 

with DM are attributed to increase free fatty 

acid (FFA) flux secondary to insulin 

resistance. The determination of the serum 
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Figure-1: Cholesterol content of all atherogenic lipoprotein particles 

 

LDL-C VLDL-C IDL-C Lp (a) cholesterol 
 

 

 

Non HDL-C 
 
 
 

 

Table No. 1: Comparison of lipid parameters, Ceruloplasmin between T2DM patients and 

healthy controls 

 

Parameters 

 

Study (n=50) 

Mean ±SD 

 

Controls 

Mean±SD 

 

P-value 

 

Age 

 

51.96±7.25 

 

50.96±8.16 

 

0.796 

 

FBS (mg/dl) 

 

158.4±25.1 

 

86.1±12.7 

 

*0.000 

 

Total 

cholesterol(mg/dl) 

 

189±16.6 

 

157.2±15.2 

 

*0.000 

 

HDL-C (mg/dl) 

 

47.30±6.46 

 

43.72±6.21 

 

*0.006 

 

Non HDL-C (mg/dl) 

 

141.7±19.2 

 

113.5±16.1 

 

*0.000 

 

Ceruloplasmin 

(mg/dl) 

 

65.46±6.45 

 

32.88±8.33 

 

*0.001 

 

*Statistically significant 
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Table No. 2: Statistically correlation was observed between Non HDL-C & ceruloplasmin 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

lipid levels in people with diabetes is now 

considered as a standard hallmark of the 

diabetes care.( Alice Y.Y etal; 2008) 

 

In DM, cells of skeletal muscle, heart and 

adipocyte cannot uptake and utilize glucose, 

instead obtain energy from the oxidation of 

fatty acids, thus producing increased level 

of acetyl CO-enzyme A that can be 

funneled for cholesterol biosynthesis thus 

producing increased for cholesterol 

biosynthesis thus resulting in 

hypercholesterolemia.( Sapna Smith and 

Alok M Lall; 2008.) It is important to note 

that Non HDL-C represents the cholesterol 

content present in all the atherogenic 

lipoprotein particles. 

 

Therefore, treatment of Non HDL-C is 

grounded in a more holistic principle of 

dyslipidemia management that is LDL-C 

treatment. 

 

Non HDL-C was the better marker of risk  

in both primary and secondary preventions 

and best predictor among all cholesterol 

measures both for CAD event and for 

strokes. 

 

Multiple other reasons for the usefulness of 

Non HDL-C. There are, 

1. Non HDL-C is easily calculated from a 

lipid profile and thus it incurs no additional 

testing cost to the health care system. 

 

2. Non HDL-C measures the cholesterol 

content of all atherogenic lipoproteins, 

including LDL, 

3. Non HDL-C levels can be measured from 

a sample in a non fasting patient, as opposed 

to LDL-C measurements which required 

fasting.( Salim S. Virani, MD, 2011) 

 

In this case control study, our attempt was to 

explore the role of Non HDL-C in diabetic 

population. Our study revealed that Non 

HDL-C is significantly higher in diabetic 

subjects than non diabetic subjects. Our 

finding is similar to the findings of Abhasi et 

al 2007, Pinto et al 2007 & peters AL 2008. 

 

The adult treatment Panel III of National 

Cholesterol Education Program (NCEP) 

emphasizes, the need for optimization of 

LDL-C levels, but it has been recently 

recommended that Non HDL-C may be a 

better predictor of atherosclerosis in T2DM 

(Abbasi MA, Hafeezullah et al.; 2007) and 

the strong Heart Study also support of this 

concept. (La W, Resnick HE et al.; 2003) 

Jiang R. et al (2004) reported that Non HDL- 

C was stronger predictor of CVD in DM. 

(.Jiang R, 2004) 

 

With the realms of the standard lipid profile 

non HDL-C, appears to be the parameter 

correlating between with apo B, the most 

atherogenic lipoproteins. 
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The ATP of NCEP suggested a therapeutic 

goal for Non HDL-C of 130 mg/dl 

suggested a therapeutic goal for higher than 

the goal of LDL-C (100mg/dl) (NCEP 

2002) 

 

So, adequate risk assessment and 

management is imperative within the realms 

of standard lipid profile panel non HDL-C 

appears to be the parameter the most 

atherogenic lipoproteins. 

 

There are several advantages to the Non 

HDL-C managements, 

1) It makes no assumption about the 

relationship between VLDL-C & TG in 

diabetes, 2) Non HDL-C includes an 

assessment of all lipoproteins i.e. VLDL, 

IDL, LDI & Lipoprotein (a) (Muhammad 

Aslam Abbasi, et al2007) 

 

Thus, Non HDL-C to replace LDL-C as the 

primary lipid target and strong evidence of 

its superiority will be needed. ( Stanley H 

Hsia, Editori L 2003) 

 

Cp has varied biochemical roles in the body 

like ferroxidase activity decreases the 

availability of the iron in free radical 

generating reaction reactant. There was a 

significant risk observed in the 

dyslipidemics than the normal subjects in 

the study. 

 

An increase in Cp levels in dyslipidemics 

may be due to its synthesis by the activated 

macrophages. These findings are similar to 

Virgolici et al an increase in serum Cp 

levels could generate an excess of oxidized 

LDL which cause atherosclerosis. (Dhat 

Vet al 2013) 

 

Atherosclerosis is widely recognized as a 

chronic inflammatory vessel disorder and 

the most important single contributor to the 

growing burden of CVD. Clinical and 

epidemiological studies across different 

ethnic group demonstrated that biomarkers 

of inflammation were associated with 

atherosclerosis leading to M.I. and stroke. 

( Lingyan Tang, Hao Peng, et al, 2014) 

 

ISPs like Cp along with other inflammatory 

markers, pro-inflammatory cytokines 

generated in adipose tissues can increase 

hepatic synthesis of ISPs. These proteins are 

recognized as CVD risk factors and some of 

them like Cp, hepatoglobin, fibrinogen, α- 

antitrypsin were used in clinical practice to 

measure the degree of inflammation. 

 

Increase of serum Cp level during induced 

inflammatory condition, suggests the 

involvement of serum Cp is one of the body 

inbuilt defensive mechanism against noxious 

responses or inflammation.( Seyyed Morteza 

Safavi et al2012) Hence, we suggest that 

serum Cp is increased to overcome the 

inflammation due to hyperglycemia in 

diabetes. 

 

Conclusion 

 

The type 2 diabetics with vascular 

complications had poor glycemic control, 

atherogenic dyslipidemia and inflammation 

all of which are risk factors of CVD. 

 

Non HDL-C can be useful in assessing the 

risk of atherosclerosis in T2DM, it may be 

included in traditional lipid profile for 

assessing their risk and Non HDL-C which 

incorporates all cholesterol is potentially 

atherogenic lipoprotein particles.  Oxygen 

free radicals are formed in diabetes and 

antioxidant one of the properties of Cp along 

with inflammatory markers raised can be 

considered as additional risk factor in 

dyslipidemia with regard to CVD. 

 

These observations suggest that strict 

metabolic control & supportive therapy of 

reduction of dyslipidemia and inflammation 

may prevent the development and 

progression of atherosclerotic vascular 

complications. 

 

Limitation of this study 

 

-Small sample size, 
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- Study restriction to small geographic area, 

-we did not measure ionized calcium levels 

which is gold standard. 

 

Recommendations 

 

The study can be done involving more 

number of patients. The patients can be 

evaluated for the improvement in their 

glycemic status & preventing further 

diabetic complications. 
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Research Highlights 

 

There is an increasing trend of type 2 

diabetes mellitus is urban as well as rural 

area which would be an iceberg 

phenomenon. 

 

This indicates the evaluation of biochemical 

and hematological parameter in type 2 

diabetic patients and use clinical assessment 

for improving CVD in diabetic patients. 
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