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Abstract 
Introduction: Diabetes mellitus (DM) is a metabolic disorder occurring due to either defect in the secretion of 

insulin or defect in the action of insulin characterized by hyperglycemia. Hyperglycemia causes oxidative stress 
due to increased production of mitochondrial Reactive oxygen species (ROS) in T2DM. Ceruloplasmin (Cp) 

acts as an antioxidant through its ferroxidase activity. There is an association between the raised serum Cp 
levels and elevated plasma glucose levels in Type-2 Diabetes mellitus (T2DM) patients.  
Aim and objectives: The aim of this study is to evaluate the correlation between the fasting plasma glucose 

(FPG), 2hour plasma glucose (2hPG), and serum Cp level in T2DM patients as compared to non diabetics. 
Materials and methods: 165 cases of T2DM were recruited along with the 40 healthy age and sex matched 

controls. The blood samples were analyzed for serum Cp and FPG and 2hPG after 75-gram oral glucose. 
Results: The serum Cp levels of the patient group with T2DM were significantly higher than the control group 

(p = 0.000). There was a significant positive association between serum Cp level and 2hPG level of the 
patient population (r = 0.283, p = 0.000), but there was no significant correlation found between serum Cp 
levels and fasting plasma glucose levels in patients (r = 0.146, p =0.061). Similar findings were seen in the 

sub group analysis. 
Conclusion: Our study concludes a significant positive correlation between serum Cp and 2hPG levels in T2DM 

patients. Hence Cp levels may be considered as a part of the routine diagnostic panel to assess diabetes 
mellitus. 
Keywords: Serum Ceruloplasmin, Type-2 Diabetes Mellitus, Fasting plasma glucose, 2hour plasma glucose 
 

Introduction 

Diabetes mellitus (DM) is a metabolic disorder 
occurring due to either defect in the secretion of 
insulin or defect in the action of insulin and it is 
characterized by hyperglycemia (1). The insulin 

resistance is the prime cause of Type-2 Diabetes 
mellitus (T2DM) and metabolic syndrome (2). 

According to World Health Organization (WHO) 
factsheet, the number of people with DM has 

increased from 108 million in 1980 to 422 million in 
2014 globally. The worldwide prevalence of DM 
among adults over 18 years of age has risen to 8.5% 

in 2014 in comparison to 4.7% in 1980 (3). More 
than 90% of DM cases belong to T2DM and Asia is 

the major global center of the T2DM epidemic (4). 
As per the worldwide distribution of diabetes, India is 
amongst the top six countries in the South East Asia 
region (SEA) based on prevalence according to the 
International Diabetes Federation (IDF). The IDF 
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estimates 82 million people in the SEA region; this is 
estimated to almost double to 151 million by 2045 
(5).  

Hyperglycemia causes oxidative stress due to 
increased production of mitochondrial Reactive 
oxygen species (ROS) by nonenzymatic glycation of 
proteins in T2DM (6). Ceruloplasmin (Cp) is a 

metalloenzyme (E.C. 1.16.3.1) (1). Among 
various roles of Cp, one important role is that it acts 
as an antioxidant through its ferroxidase activity 
(7). Cp is synthesized primarily in the liver as a 
single chain polypeptide and afterward, the six atoms 
of copper are incorporated in the biosynthetic 
pathway and further secreted into the plasma as an 
ɑ2-glycoprotein (8). Serum Cp levels tend to 

decrease or increase in various clinical conditions. 
Elevated serum level of Cp was significant during 
infection and tissue injury as an acute phase reactant 
(APR) (8,9).   

 In such conditions of elevated oxidative stress, Cp 
has pro-oxidant activity directed towards ferrous ion 

stimulated lipid peroxidation and production of 
hydroxyl radical in Fenton reaction (7). Copper is 
toxic in its unbound form, develops redox imbalance 
due to its high redox activity, which further leads to 
activation of stress-sensitive intracellular signaling 
pathways through Haber-Weiss reaction 

(6,7,10,12). Therefore, high plasma Cp levels could 
be an indicator of abnormally high oxidative stress 
(10). Increased oxidative stress has also been 

associated with the pathogenesis of DM and diabetic 
microvascular complications such as diabetic 
nephropathy and retinopathy (7,9,10). 

Elevated serum Cp levels are associated with T2DM 

(8,10,11). This study evaluated the correlation 
between the fasting plasma glucose (FPG), 2hour 

plasma glucose (2hPG), and serum Cp level in 
diabetes mellitus type 2 as compared to nondiabetic 
controls. 

MATERIAL & METHOD 

Study Design: Cross-sectional study 

A total of 165 consecutive patients diagnosed with 
T2DM, who visited Medicine OPD from Aug 2018 to 
Oct 2018 of a tertiary care center, were included in 
the study. Subjects between the age of 18 to 90 
years were enrolled for the study, who were not 
diagnosed with any complications like cardiac failure, 
hepatic failure, renal failure, and thyroid ailments and 

not having any comorbidity like hypertension. Forty 
non-diabetic age and sex matched healthy subjects 

were also recruited as the control in this study.  

The study was conducted after obtaining approval 
from the Institutional Ethics Committee of Armed 
Forces Medical College, Pune. Written informed 
consent was taken from the subjects and 05 ml blood 
samples were collected under aseptic precautions in 
fasting condition from cases and controls in yellow 
top serum gel and grey top sugar vacuum evacuated 
tubes. FPG samples were collected after an 
overnight fast for 08 hours and 2hPG samples were 
obtained exactly after two hours of  82 gm of glucose 
monohydrate load, dissolved in 250 -300 ml of water 

and to be taken over 5 minutes.  Blood samples 
were immediately processed to obtain serum for the 
estimation of Cp by the Government of India patent 
(No. 192356) Somani Ambade colorimetric 
method (14) on semi autoanalyzer and plasma for 

the estimation of glucose by Hexokinase enzymatic 
method (15) on the fully automated analyzer 
(Siemens Dimension EXL 200) in our National 

Accreditation Board for Testing and Calibration 
Laboratories (NABL) accredited laboratory. The 
Normal reference range for serum Cp was 500 to1000 
U/L according to the method used for estimation 
(14). Normal reference ranges used for plasma 

glucose in the study are shown as in table-1, as per 
the American Diabetes Association criteria (ADA-

2019) (16). 

Statistical Analysis: 

The Data were analysed by using SPSS 20.0 statistics 

software for Windows. Correlation between the Cp 
and Plasma glucose values was evaluated by using 
the Pearson correlation method. Subgroup Analysis 
for the Cp with various levels of plasma glucose 
groups performed using independent samples T-test 

and the multiple comparison graphs were plotted. 
Cut off values in subgroups of glycemic control for 
DM as per ADA glycemic target: standard of 

medical care in diabetes -2019 are shown as table-2 
(17). P value<0.05 was taken as significant. 

RESULTS 

In our study, the clinical and biochemical 
characteristics of the study population are shown in 
table-3. The serum Cp levels of the patient group 

with T2DM were significantly higher than the control 
group (p = 0.000). There was a significant 
positive correlation between serum Cp level and 
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2hPG level of the patient population (r = 0.283, p 
= 0.000), as depicted in the scatter plot (Fig.1). 

But there was no significant correlation found 
between serum Cp levels and FPG levels in patients 
(r = 0.146, p = 0.061), as illustrated scatter 

plot (Fig.2). 

In subgroup analysis, independent samples t-test 

was performed between serum Cp and subgroups of 
FPG & 2hPG - Within Glucose Target Value (WGT) 
& Not in Glucose Target Value (NGT) as considering 

95% confidence Interval with 5% standard error of 
the mean was used. The results were significant for 

all the subgroups of plasma glucose, as shown in 
tables-4 and 5.  Cp values were higher in patients, 

who were not in glycemic control according to FPG 
(p=0.001) and according to 2hPG (p=0.005). 
The representation of the same results for subgroup 
analysis was exhibited as Box & Whisker plots 
(Fig.3&4). 

 

Table1: Normal Reference Ranges for Laboratory Parameters Used in the Study 

Sr. 
No. 

Lab Parameter Normal Reference Range 

  Normal Prediabetes Diabetes 

1 Fasting Plasma 
Glucose(FPG) 

< 100 mg/dL 100 - 125 mg/dL  
IFG 

≥126 mg/dL  

2 2-hour Plasma Glucose 
(2hPG) - Post Glucose 
Load 

< 140 mg/dL  140 - 199 mg/dL 
IGT 

 ≥200 mg/dL 

 

Table 2: Cut off values of the glycemic control for DM as per American Diabetes Association (ADA) 
Glycemic targets: Standards of medical care in diabetes-2018 in subgroup analysis: 

Plasma Glucose :  Cut off values for Groups 

Glycemic Control Target 
Values 

Within Glucose Target Value(WGT)  Not in Glucose Target Value(NGT) 

Fasting Plasma Glucose 

(FPG) 
80-130 mg/dL  >130mg/dL 

2-hour Plasma Glucose 

 (2hPG) 

<180 mg/dL  ≥180mg/dL 

Table 3: 

Characteristics Patients Controls 

Age (Mean± SD) in years 54.63± 13.92 51.70±16.40 

Male (%) 94(57) 24(60) 

Female (%) 71(43) 16(40) 

Serum ceruloplasmin (U/L) 

(Mean± SD) 

744.64±192.71 685.4±119.23 

Fasting plasma glucose (mg/dL) 

(Mean± SD) 

157.86±54.45 82.55±8.45 

2-hour plasma glucose (mg/dL)  (Mean± SD) 230.9±78.18 127.825±6.99 

 

Independent Samples t-Test:   

Subgroup analysis: 
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Table 4: 

Variables   

Glycemic Control Target Values Within Glucose Target Value(WGT) Not in Glucose Target Value(NGT) 

Fasting Plasma Glucose(FPG) 80 - 130 mg/dL >130 mg/dL 

No of Patients (165) 53 112 

Ceruloplasmin (Mean ± SD) 670.98±164.31 779.50±195.97    

Significance (2-tailed)                                                                        0.001                                                                                                                                                                                                                  
 

Table 5: 

Variables   

Glycemic Control Target Values Within Glucose Target 
Value(WGT) 

Not in Glucose Target 
Value(NGT) 

2-Hour Plasma Glucose (2hPG) <180 mg/dL ≥180 mg/dL 

No of Patients (165) 43 122 

Ceruloplasmin (Mean ± SD) 673.95±178.41 769.55±192.06 

Significance (2-tailed)                                                                           0.005                                                                                                   
 

 

Figure 1: Correlation between Serum Ceruloplasmin and 2-hr Plasma Glucose 

 

Figure 2: Correlation between Serum Ceruloplasmin and Fasting Plasma Glucose 
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Box & Whisker Plots 

 

Figure 3: Serum Ceruloplasmin in NGT and WGT subgroups with respect to Fasting Plasma Glucose  

 

Figure 4: Serum Ceruloplasmin levels in NGT and WGT subgroups with respect to 2-hour Plasma Glucose 

WGT-Within Glucose Target Value 
NGT- Not in Glucose Target Value 

DISCUSSION 

T2DM is an endocrinological disease that is 
associated with hyperglycemia and it develops due to 
a reduction in both insulin resistance and defective 
insulin secretion (12,18). Hyperglycemia 
consequences in the production of ROS, which 
eventually leading to increased oxidative stress in a 

variety of tissues (6). On the other hand that 
serum Cp has antioxidant properties due to its 
ferroxidase activity and acts as a scavenger during 
oxidative stress in type 2 diabetes (7-9). Hence, 
increases in Cp levels in patients with type 2 DM may 
be a protective mechanism (9,10) rather than a 

part of the pathophysiology of DM. 
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In this study, there is a correlation between serum Cp 
levels and T2DM and we found that serum Cp levels 
were higher in diabetic patients in comparison to non 
diabetic normal healthy control subjects.Increased 
level of Serum Cp level has been reported in 
numerous diseases. The Cp values are increased in 
several inflammatory diseases, such as tuberculosis 
and acute upper respiratory tract infection; various 
collagen diseases, such as systemic lupus 
erythematosus, rheumatoid arthritis, and rheumatic 
fever; malignant tumors; obstruction biliary disease; 
anemia; and drug administration of estrogen etc 
(21).The simple reason for Cp elevation is that Cp 
increase as an acute-phase protein, although the 
details of the mechanism are still under research and 
are not clear (8,21). 

Our results strongly point toward that high plasma 
glucose is associated with elevated levels of serum Cp 
in T2DM especially with 2hPG of patients. There 
was no significant correlation of FPG with Cp in this 
study. Our results were consistent with earlier 

studies done by Daimon M et al (1998), Sanjeevi N 
et al (2018) and Sharma VK et al (2018) 

(8,19,20). Few studies showed a statistically 
significant decrease in the serum Cp in metabolic 
syndrome and T2DM when compared to the control 
group. Negative correlations were found in the 
studies conducted by Sarkar et al (2010) and Ashok 

Kumar J et al (2016) (1,12). However, in 
subgroup analysis we found that Cp values were 
higher in patients, who are in NGT as compare to 
WGT for fasting plasma glucose (p=0.001).  

A further objective of this study was to find factors in 
relation to an increase in serum Cp levels of patients 
with T2DM. The presence of complication of DM 
has been reported as such a factor for an increase in 
serum Cp levels (7-9). The specific mechanism 
underlying this positive correlation between Cp levels 
and of T2DM disease is unknown till date but few 
mechanisms have been hypothesized. It is proved in 
the pathophysiology of DM and its major 
complications (like nephropathy, retinopathy, 

neuropathy, and macro-and microvascular damage) 
that disproportionate and sustained ROS production 
in hyperglycemia can directly or indirectly affect the 
physiological function of cellular macromolecules and 
their integrity (1,7,8,23). There is also the 
formation of advanced glycation end products (AGE) 

through non-enzymatic glycation and auto-
oxidation of intracellular glucose (23,24). 

Even though Cp might act as a pro-oxidant under 
increased oxidative stress conditions, such as in 
T2DM (6). Therefore disruption of binding of 
copper from Cp by increased generation of ROS 
which further prompts the formation of ROS and low 
density lipoprotein (LDL)  oxidation (7,25). 
Increased oxidative stress and oxidized LDL are as 
known to be associated with the progression of 
diabetic nephropathy (7, 26) and atherosclerosis 
(8,27). 

A negative correlation of Cp with FPG may possibly 
show increased glycation of proteins that may 
damage antioxidant proteins like the Cp and free thiol 
(SH) group containing albumin (12).  

Our study found some significant correlation 
between FPG and Cp in subgroup analysis, however 
more studies with the larger sample size are further 
required in this regard. The significant positive 
relationship between Cp and 2hPG in the subgroup 
analysis throughout the comparison of NGT & WGT 
support the hypothesis of elevated serum Cp levels 
are associated with level of hyperglycemia in patients 
diagnosed with T2DM. 

CONCLUSION 

Cp is a copper containing enzyme which has both 
antioxidant and pro oxidant activities. DM is an 
increased oxidative stress state.  

Our study concludes a significant positive correlation 
between serum Cp and 2hPG levels in T2DM 
patients. In subgroup analysis, similar results are 
found which is required to be confirmed by further 
studies with FPG levels. 

Hence Cp levels may be considered as a part of the 
routine diagnostic panel to assess disease 
progression of diabetes mellitus. Since the test is 
cost effective and is easily available, it may be 
included in the routine diagnostic panel for T2DM. 
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