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INTRODUCTION

Type  II diabetes mellitus (Type  II DM) is a chronic 
progressive disease primari ly characterized by 
hyperglycemia and dyslipidemia that later leads to 
cardiovascular complications. Other complications 
affecting kidney, eye and nervous system can also 
occur. Hyperglycemia impairs glucose metabolic 

pathways andincreases auto-oxidative glycosylation and 
free radical production. Deranged lipid status favors 
free radical-induced lipid peroxidation and leads to 
deposition of  oxidizedlow-density lipoprotein (LDL) 
cholesterol resulting in atherosclerosis of  blood vessels.1 
Hyperglycemia in long run causes toxic effects on 
macro as well as microvascular structure and affects 
proper functioning of  organs. Glucose toxicity which 
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includes plethora of  biochemical process such as glucose 
autoxidation, protein kinase C activation, methylglyoxal 
formation and glycation, hexosamine metabolism, 
sorbitol formation, and oxidative phosphorylation, is 
held responsible for the damage of  tissues.2 Thus, there 
is important role of  inflammation in diabetes mellitus. 
It has been proved that low grade inflammation is 
associated with diabetes mellitus in various intervention 
studies.3Hyperglycemia directly influences malignant cells 
proliferation as well as indirectly influences cancer cells 
through an increase in the levels of  IGF-1 (insulin like 
growth factor-1).4 It is evident that solid cancers such as 
liver, pancreatic cancers colorectal, breast, endometrial 
and renal cancer have high prevalence in diabetes mellitus.

Among various inflammatory markers ceruloplasmin, 
a copper-carrying metalloenzyme, which acts as an 
antioxidant through its ferroxidase activity is the ideal 
candidate to know the overall cardiovascular, insulin 
resistance and cancer risk in patients with type II DM.In 
conditions of  elevated oxidative stress, ceruloplasmin 
may act as a pro-oxidant by donating of  free copper ions, 
which induces reactive oxygen species (ROS) formation 
and low-density lipoprotein (LDL) oxidation.5 In addition, 
as an acute phase protein, the ceruloplasmin level 
reflects acute and chronic inflammation in an organism.6 

Ceruloplasmin is the candidate marker in diabetes 
mellitus since the prevalence of  solid tumors are high and 
various studies have found significant rise in the level of  
serum ceruloplasmin in patients with locally advanced or 
regionally spreading tumors.7

The present study is designed to know the status of  the 
serum ceruloplasmin in the type  II diabetes mellitus 
and to study the correlation of  the ceruloplasmin with 
glycemic status and lipid profile. This study tries to find the 
association of  ceruloplasmin with lipid ratio which reflects 
the cardiovascular status.

MATERIALS AND METHODS

Blood samples were collected from eighty-eight patients 
with type  II diabetes mellitus along with age and sex 
matched forty-two healthy controls. Diagnosis of  type II 
DM patients was done according to WHO criteria.Type II 
DM patients with complications like ischemic heart 
disease, diabetic nephropathy, diabetic retinopathy and 
other microvascular complications or infectious diseases 
at the time of  sampling were excluded from the study 
group. Patients were either on insulin therapy or oral 
hypoglycemic agents. The healthy controls were not on 
any medication and were free from any acute or chronic 
illness. Informed consent was obtained from all subjects 

involved in the study. Ethical clearance for this study was 
approved by institutionalresearch board of  Institute of  
Medicine.

Fasting lipid profile and blood glucose, postprandial 
blood glucose, serum ceruloplasmin and HbA1c levels 
were determined using auto analyser in the department 
of  clinical biochemistry in Institute of  Medicine.
Total Cholesterol(TC) was measured by cholesterol 
oxidase-phenol amino phenazone (CHOD PAP) 
method,triglyceride(TG) by glycerol-3-phosphate oxidase 
phenol amino phenazone (GPO-PAP) method,high 
density lipoprotein (HDL) cholesterol by direct method 
andlow density lipoprotein (LDL) cholesterol calculated 
by Friedewald Equation.Similarly, serum glucose was 
measured by glucose oxidase peroxidase (GOD POD) 
method and ceruloplasmin by immunoturbidimetric 
method in BT3500 biochemistryautoanalyser. HbA1c was 
measured using high performance liquid chromatography 
(HPLC) method in ERBA Mannheim’s Hb-Vario.

Statistical Analysis
Statistical analysis was performed using Statistical Package 
for the Social Sciences, SPSS 17. Results are expressed 
as mean±SD as well as median (confidence interval) 
according to distribution of  the data. Pearson’s correlation 
was applied to correlate between the parameters. A p-value 
less than 0.05  (2-tailed) was considered statistically 
significant. For non-normaldistribution,non-parametric 
test is used.

RESULTS

Total number of  male participants were 53.1% 
(Type  II DM 47 and nondiabetic 22) andtotal female 
participant were 46.9% (Type  II Diabetic mellitus 41 
and nondiabetic 20).

Ceruloplasmin was found higher in type II diabetic patients 
than non-diabetic patients, median 52.0 (95% CI 49-53) 
mg/dL versus median 45.0 (95% CI 41-47mg/dL which 
was significant at level of  0.001 probability level (Table 1)
shows the descriptive statistics for type II diabetic patients 
versusnon-diabetic participants.

A series of  Spearman rank-order correlations were 
conducted to determine if  there were any relationship 
between ceruloplasmin and other variables. A two- tailed 
test of  significance was used to find the significant 
relationship.Correlations among variables were conducted 
in two groups (Table 2)as follow:
1.	 Overall which consisted of  type II diabetic mellitus 

patients and non-diabetic participant
2.	 Type II diabetic mellitus patients
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Overall which consisted of type  II diabetic mellitus 
patients and non-diabetic participants:
Correlation of  ceruloplasmin was computed with 11 
variables. Among them age, fasting serum glucose, post 
prandial glucose, HbA1C, triglycerides and TG/HDL-C 
ratio correlated significantly with ceruloplasmin at 0.001 
probability level.

Type II diabetic mellitus patients:
Correlation of  ceruloplasmin was computed with 11 
variables. Among them HbA1C, LDL-C, TC/HDL-C ratio 
and LDL-C/HDL-C ratio correlated significantly with 
ceruloplasmin at 0.001 probability level.

Correlation of ceruloplasmin with study’s variables 
according to gender difference in type  II diabetic 
mellitus
In type  II diabetic female patients, ceruloplasmin was 
significantly correlated with TG/HDL-C ratio, rs.372, 
p-value.025 (p-value<0.05, 2-tailed)(Table 3).

ROC curve was plotted using ceruloplasmin as test variable 
and diabetic/non-diabetic as state variable. The area under 
the curve is 0.881 whose area is more than 0.5. Thus, its 
usefulness for the overall ability of  the test to discriminate 
between those individuals with the disease and those 
without the disease is justified.

The cut off  value of  46.5 mg/dL was obtained for serum 
ceruloplasmin with sensitivity of  87.5% and specificity 
of  62% which has good discriminating value for type II 
diabetic patients versus non-diabetic patients (Figure 1).

DISCUSSION

Studies investigating the association between serum 
ceruloplasmin and development of  diabetes and its 

complication has been extensively studied in recent years. 
The present study was conducted to know the status of  
ceruloplasmin in diabetic and nondiabetic individuals 
and correlate its concentration with lipid ratio and blood 
glucose profile.

Ceruloplasmin was found to be higher in diabetic group 
than non-diabetic group. Similar findings have found in 
various studies conducted in by Jung Lee M et al 2015 in 
Korea5 and Nasif  ZN et al 2010 in Iraq.8  The cut off  value 
of  serum ceruloplasmin for distinguishing diabetic and 
non-diabetic group was in our study 46.5 mg/dL which 
has sensitivity of  87.5% and specificity of  62%.

Similarly, serum glucose level was high in participants with 
high serum ceruloplasmin level. Overall, considering both 
groups; hyperglycemia correlates with serum ceruloplasmin. 
Surprisingly hyperglycemia does not correlate with serum 
ceruloplasmin in diabetic group. The probable explanation 
may be that ceruloplasmin increases in diabetic group 
but does not fluctuate considerably in the diabetic range. 
Similarly, considering both groups ceruloplasmin correlates 
with age, fasting glucose, post prandial glucose, glycated 
hemoglobin, triglycerides and TG/HDL-C ratio. Thus, 
it implies that serum triglycerides and TG/HDL-C ratio 
which are substitute marker of  insulin resistance could be 
reflected by ceruloplasmin. Ceruloplasmin could be used 
as substitute to mark the insulin resistance.

In the diabetic group  HbA1c iscorrelated with 
ceruloplasmin (Table 2). Thus, glycemic index correlates 
with inflammatory status, as ceruloplasmin indicates the 
inflammatory status of  the body. Further, LDL-C, TC/
HDL-C ratio and LDL-C/HDL-C ratio correlates with 
ceruloplasmin (Table 2). The importance of  this correlation 
is highlighted by the fact thatLDL-C is one of  the key factor 
for development of  atherosclerosis.9 Epidemiological 
data suggests that serum ceruloplasmin may be an 
important risk factor predicting myocardial infarction 
and cardiovascular disease. This is becauseceruloplasmin 
is a potent catalyst of  LDL oxidation.10 Several studies 
have observed that LDL-C/HDL-C ratio predicts carotid 
intima-media thickness progression and it predicts better 
than other lipid ratios.9 Similarly, TC/HDL-C ratio 
variation is associated with more substantial alterations 
in metabolic indices predictive of  ischemic heart disease 
risk and related to the insulin resistance syndrome.11 TC/
HDL-C ratiois the substitute for metabolic index and its 
correlation with ceruloplasmin verifies the importance of  
serum ceruloplasmin in monitoring total cholesterol and 
manage accordingly.

In the diabetic group according to gender, lipid risk ratios 
have correlated differently with ceruloplasmin. Surprisingly 

Figure 1: ROC curve for ceruloplasmin to differentiate Type II DM 
from nondiabetic
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TC, TG and TG/HDL-C correlation with ceruloplasmin 
is seen in female diabetic group. For male in diabetic 
group  HbA1C and LDL-C/HDL-C ratio correlated 
significantly with ceruloplasmin. The probable reason may 
be due to that the cut off  for TG/HDL-C ratio is lower 
for female. The clinical implication may be that, the female 
population should get benefit by controlling their lipid level. 
We could assume that the response of  inflammatory status 
differs between male and female in the diabetic group. It 
also indicates our approach and priorities during treatment 
of  hyperlipidemia in diabetic population.

The increased glucose for the long period of  time is one of  
the stimulus factor for malignancy.4 The insulin resistance 
and the deranged lipid profile additionally increase the 
risk. Thus, increased ceruloplasmin level in diabetic group 
may indicate the risk of  malignancy. Further the study has 
shown that natural killer cells have a significantly higher 
ceruloplasmin expression compared to all other major 
lymphocyte subsets.12 Moreover, ceruloplasmin is a novel 
adipokine with increased expression in adipose tissue of  
obese subjects as well as in cells from obesity-associated 
cancers.13 Adipokines, adiponectin and leptin, have in been 
linked to the development of  malignant tumors through 
their action on cognate receptors affecting insulin sensitivity 
and activating cancer-associated signaling.13 Thus, increased 
level of  ceruloplasmin could be taken as ominous sign of  

malignancy risk, as ceruloplasmin along with adiponectin 
and leptin are raised in the diabetic patients.

This study has revealed the correlation of  ceruloplasmin with 
lipid ratio. The importance of  lipid ratio has been verified 
with respect to cardio vascular status in many studies. Study 
has also highlighted the risk of  malignancy in type II diabetes 
mellitus if  serum ceruloplasmin is very high.The limitation 
of  this study was that the dietary pattern was not considered. 
Similarly, prospective longitudinal studies are required to 
further elucidate the relationship between ceruloplasmin as a 
potential marker of  glycemic status and its relationship with 
lipid profile which reflects the probable risk of  cardiovascular 
problem in type II diabetes mellitus patients.

CONCLUSION

Serum ceruloplasmin could be used for evaluating the 
overall glycemic and cardiovascular status in patients with 
type II diabetes mellitus.
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Table 2: Correlation of ceruloplasmin with study’s variables
Age FG PP HbA1C TC TG HDL‑C LDL‑C TC/HDLC TG/HDLC LDLC/HDLC

Overall: Diabetic 
and Non‑diabetic

CP rs 0.297** 0.535** 0.621** 0.667** 0.146 0.322** 0.069 0.002 0.061 0.240** ‑0.03
p‑value 0.001 0.000 0.000 0.000 0.106 0.000 0.449 0.981 0.498 0.007 0.747
N 130 130 123 130 124 124 124 121 124 124 121

Diabetic Type II CP rs ‑0.012 0.03 0.207 0.347** 0.206 0.113 ‑0.006 0.268* 0.247* 0.133 0.279*
p‑value 0.915 0.78 0.06 0.001 0.063 0.31 0.956 0.017 0.025 0.232 0.013
N 88 88 83 88 82 82 82 79 82 82 79

* Correlation is significant at the 0.05 level (2‑tailed).
** Correlation is significant at the 0.01 level (2‑tailed).
Unit‑ FG, PP, CP: mg/dL. HbA1C: percentage. TC, TG, LDL‑C, HDL‑C: mmol/L. TC/HDLC, TG/HDLC, LDLC/HDLC: no units.
Abbreviations: FG: fasting serum glucose, PP: post prandial glucose, CP: ceruloplasmin, TC: total cholesterol, TG: triglycerides, LDL‑C: low density lipoprotein‑cholesterol, 
HDL‑C: high density lipoprotein‑ cholesterol, HbA1C: glycated hemoglobin.rs: Spearman rank correlation coefficient

Table 3: Correlation of ceruloplasmin with study’s variables‑gender difference in type II diabetic 
mellitus
Type II 
diabetic 
mellitus

Age FG PP HbA1C TC TG HDL‑C LDL‑C TC/HDLC TG/HDLC LDLC/HDLC

CP (Female) rs ‑0.08 ‑0.135 0.173 0.26 0.423* 0.382* 0.077 0.247 0.342* 0.372* 0.223
p‑value 0.618 0.399 0.287 0.101 0.01 0.021 0.656 0.153 0.041 0.025 0.197
N 41 41 40 41 36 36 36 35 36 36 35

CP (Male) rs 0.059 0.088 0.271 0.425** 0.096 ‑0.065 ‑0.167 0.289 0.166 ‑0.025 0.320*
p‑value 0.696 0.556 0.079 0.003 0.524 0.669 0.266 0.058 0.27 0.868 0.034
N 47 47 43 47 46 46 46 44 46 46 44

* Correlation is significant at the 0.05 level (2‑tailed).
** Correlation is significant at the 0.01 level (2‑tailed).
Unit ‑ FG, PP, CP: mg/dL. HbA1C: percentage. TC, TG, LDL‑C, HDL‑C: mmol/L. TC/HDLC, TG/HDLC, LDLC/HDLC: no units.
Abbreviations: FG: fasting serum glucose, PP: post prandial glucose, CP: ceruloplasmin, TC: total cholesterol, TG: triglycerides, LDL‑C: low density lipoprotein‑cholesterol, 
HDL‑C: high density lipoprotein‑ cholesterol, HB1C: glycated hemoglobin.rs: Spearman rank correlation coefficient
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