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Abstract

Background
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin 
resistance leading to hyperglycemia, dyslipidemia, and oxidative stress. Ceruloplasmin 
(CP), the major oxidase and copper-binding protein, has recently been under investigation 
as an indicator of metabolic dysfunction. Increased CP levels cause oxidative stress and 
inflammation and thus promote numerous cardiovascular and renal complications. 
Determination of CP could serve as an early reliable biomarker for timely intervention in 
the holistic management of T2DM. The present study was designed to compare lipoprotein 
levels, CP, and oxidative stress markers between participants with diabetes and those 
without diabetes.
Methods
Fifty patients with T2DM were evaluated along with 30 age- and sex-matched non-diabetic 
controls visiting Federal Medical Centre, Owo. Standard enzymatic and ELISA techniques 
assessed biochemical parameters such as fasting blood sugar (FBS), total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), very low-
density lipoprotein (VLDL), CP, malondialdehyde (MDA), and total antioxidant status (TAS). 
Data were analyzed by SPSS Version 25. The independent t-test was then used to determine 
the difference between group means in the biochemical markers. Spearman's correlation 
was applied to establish relationships, and the level of significance was set at p<0.05.
Results 
The FBS, CP, TC, TG, HDL, VLDL, and MDA levels were all statistically significant in 
patients with T2DM, while TAS decreased remarkably (p<0.05).  Obese participants showed 
exacerbated dyslipidemia and oxidative stress. Positive correlations were observed between 
CP and lipid parameters, while MDA negatively correlated with TAS.
Conclusion  
Ceruloplasmin was raised in T2DM, dyslipidemia, and lowered antioxidant capability were 
early markers that prompt intervention for oxidative stress and biochemical derangements 
in patients with T2DM. In this regard, CP could potentially emerge as a novel marker to 
monitor the progression of complications in T2DM.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is 
characterized by a state of chronic exposure 
of hyperglycemia accompanied by metabolic 
derangements on the carbohydrate, lipid, 
and protein metabolisms, thus rendering 
the patient liable to both microvascular 
and macrovascular complications.[1,2,3] 
The prevalence of diabetes is rapidly rising 
globally in 2019, with some 463 million 
people affected, occurring mostly amongst 
the less privileged in middle to low-income 
countries.[4,5] In Nigeria, the prevalence 
of diabetes is 5.8% and constitutes a vast 
public health and economic burden.[6,7]

Lipoproteins and CP have a paramount 
role in the pathophysiology of T2DM and 
its complications. The classical diabetic 
dyslipidemia is characterized by elevated 
triglycerides (TG), low high-density 
lipoprotein (HDL), and increased low-density 
lipoprotein (LDL), possibly increasing the 
risk of cardiopathy.[8,9,10] However, this 
suggests skepticism about HDL's quantity 
in diabetes, thereby questioning its 
functionality. Diabetes can even moderate 
the production of dysfunctional HDL, thus 
eliminating its protective property against 
cardiovascular risk.[11]

Ferroxidase ceruloplasmin, an antioxidant 
enzyme that eliminates iron overload 
and possesses a truly unique ferroxidase 
function, and its associated antioxidant 
capacity have potentially been proposed 
as markers of oxidative damage in T2DM.
[12] Elevated CP parallels the increased 
glycemia in oxidative stress, with increased 
oxidative damage known to significantly 
contribute to the advancement of diabetic 
foot ulcers, nephropathy, retinopathy, and 
cardiomyopathy among others.[13] The 
CP, besides defending the neutrophils from 
oxidative damage by oxidizing toxic ferrous 
ions (Fe2+) into non-toxic ferric ions (Fe3+), 
is also a prominent biomarker for systemic 
inflammation and metabolic dysfunction 
and might also feature prominently in 
T2DM.[14,15]

Although the roles of ceruloplasmin and 
certain lipoproteins in the pathogenesis 
of T2DM have been widely recognized, the 
critical piece of information is absent in 
the Nigerian data on the specific nature 
of CP and its relation to lipids in this 
population. In some international studies, 
diabetes patients presented with higher 
CP concentrations and activities than their 
non-diabetic controls.[16] Nevertheless, 
data from Nigeria are scarce on CP, even in 
the face of other investigation forms on trace 
metal and antioxidant status in diabetes.
[17] This gap requires further investigation 
for assessing the significance of CP as a 
clinical biomarker for early intervention 
in diagnosing T2DM. This study therefore 
hypothesised that the levels of serum CP are 
significantly higher in Nigerian patients who 
have T2DM than in those without diabetes 
and that CP positively correlates with 
markers of oxidative stress and dyslipidemia 
in these patients.

This study aimed to assess the levels of 
lipoproteins and CP among patients with 
T2DM at the Federal Medical Centre, Owo. 
Specifically, it sought to: determine the lipid 
profile (HDL, LDL, TC, TG) in T2DM subjects 
compared to controls, assess CP levels in 
T2DM subjects relative to controls, compare 
the relationship between lipoproteins and 
CP in T2DM subjects, and evaluate the 
association between CP, MDA, and TAS.

Methods

Study Design and Participant
This was a hospital-based analytical cross-
sectional study conducted at the Federal 
Medical Centre, Owo from January to 
August 2024. A total of 80 participants were 
recruited consecutively from the outpatient 
clinics and the laboratory unit during 
their visits using convenience sampling 
methods. The study population consisted of 
50 patients with confirmed T2DM and 30 
apparently healthy non-diabetic controls. 
The controls who were selected from related 
individuals were appropriately matched 
with the cases for age (±5 years) and sex to 
minimize any confounding influences.
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Eligible participants were adults aged 
30 years and above who gave informed 
consent. The influence of adiposity on lipid 
profile and ceruloplasmin (CP) levels was 
examined with Body Mass Index (BMI). 
Continuous variables were expressed as 
mean ± standard deviation (SD), SD being 
the variability of observations away from 
the mean.

Inclusion criteria
Participants were adults aged ≥ 30 years 
diagnosed with T2DM who provided informed 
consent to participate. This also ensured 
that the  selected population reflected the 
clinic context of T2DM.

Exclusion criteria
Exclusion criteria included individuals 
who  declined to sign informed consent and 
those in whom medical conditions or factors 
that are potential confounding variables 
were present (e.g. renal or hepatic diseases, 
active infections, drugs interfering with 
lipid or glucose metabolism). The exclusion 
criteria ensured that the study was restricted 
to the population of  interest and would not 
be interfered with by possible confounding 
factors.

Sample size determination
The sample size of the study was determined 
based upon the given prevalence of 5.8% in 
Nigeria [7] at a confidence level of 95%, and a 
margin of error of 5% using Fisher's formula, 
n = Z2(p*q)/d2; where n =desired sample 
size, Z=standard normal deviation (1.96) that 
corresponds with 95% confidence level. So, 
from the above calculation, 80 individuals 
(50 with T2DM and 30 without diabetes 
as controls) were used as the required 
sample size. This sample was regarded to 
be sufficient to generate enough statistical 
power so that significant differences could 
be detected among groups.

Data collection
Through structured questionnaires, data 
concerning demographic details and 
medical history of all the study subjects 
were collected.

The blood sampling procedure was aseptic 
and carried out by a phlebotomist skilled in 
the art with a 5 mL sample. Blood was drawn 
from the antecubital vein with the prior 
application of a tourniquet and was stored 
in lithium heparin anticoagulant bottles. 
Plasma was obtained by centrifugation at 
4000 rpm for 5 min and stored at −20°C 
until analysis.

Laboratory assays
Biochemical analyses were performed 
at the Chemical Pathology Laboratory of 
the FMC, Owo, utilising various standard 
methodologies. Lipoprotein profiling was 
conducted by measuring TC, TG, and 
HDL levels with standard enzymatic 
spectrophotometric techniques using 
reagents provided by Randox Laboratories 
Ltd. (UK). The LDL and VLDL were calculated 
using the Friedewald equation accordingly.
[18] For CP quantification, levels were 
determined through a quantitative enzyme-
linked immunosorbent assay (ELISA) kit from 
Melsin Medical Company, USA. The assay 
was carried out as per the manufacturer’s 
instructions. Intra‑assay coefficient of 
variation (CV) was <6% and inter‑assay CV 
was <10%. We used OxiSelect™ TBARS 
Assay Kit, Catalog STA-330 (for MDA 
quantitation). The assay involves reacting 
the sample with TBA under acidic and heated 
conditions, producing a coloured MDA‑TBA 
adduct measured spectrophotometrically 
at 532 nm.[19] Intra‑assay CV was <5% 
and inter‑assay CV was <10%. TAS was 
measured to evaluate the overall systemic 
antioxidant capacity by the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) Method as used by 
Bondet et al.[20]  Intra‑assay CV was <5% 
and inter‑assay CV was <10%.

Statistical analysis
Data entry and statistical analysis were 
performed using the IBM SPSS Statistics for 
Windows version 25.0 (IBM Corp, Armonk, 
NY, USA). Normality was assessed using the 
Shapiro-Wilk test. For normally distributed 
data, parametric tests (independent t-test, 
t(78) = 3.14, p = 0.002) were used; non-
parametric tests (Mann-Whitney U, U = 
230.5, p = 0.045) were applied for non-
normal data. 
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The p-values were considered statistically 
when they were less than 0.05. Effect sizes 
(Cohen’s d = 0.58, rank-biserial correlation 
= 0.35) and 95% confidence intervals were 
calculated. Spearman’s correlation (ρ = 0.43, 
p = 0.03) assessed relationships due to the 
non-normal distribution of some data.
Potential confounder variables such as BMI, 
medication use, diabetes duration, age, 
and sex were adjusted in the analysis to 
accurately estimate the relationship between 
CP levels, lipoproteins, and oxidative stress. 
These potential confounders were controlled 
using multiple regression to account for 
their effects on the final results.

Ethical considerations
The study was endorsed by the Research 
Ethics Committee of FMC, Owo, with 
the approval number FMCOWO/
HREC/2024/032. 

Written consent in detail was received 
from all participants before they were 
incorporated into the study. All of the 
participants were informed concerning the 
purpose, procedures, and potential risks 
of the study, and their participation was 
voluntary.

Results

Demographic and baseline characteristics 
of study participants
Demographic and baseline characteristics 
between patients with T2DM and controls 
were compared. Significant differences 
were found in BMI (p=0.02), blood pressure 
(systolic, p<0.001; diastolic, p=0.001), and 
hypertension (p=0.01) (Table 1). 
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Table 1. Demographic and baseline characteristics of study participants

Characteristic Patients With T2DM  
(n=50)

Controls

(Patients Without 
T2DM)

(n=30)

P- Value

Age (years) Mean ± SD: 55.2 ± 8.4 Mean ± SD: 54.1 ± 9.0 0.45
Age group (years) N/A

30-39 8 (16%) 30-39: 6 (20%)
40-49 12 (24%) 40-49: 9 (30%)
50-59 18 (36%) 50-59: 10 (33%)
60-69 12 (24%) 60-69: 5 (17%)

Sex distribution 1.00
Male 25 (50%) 15 (50%
Female 25 (50%) 15 (50%)

BMI (kg/m²) Mean ± SD: 28.3 ± 5.2 Mean ± SD: 26.1 ± 4.1 0.02
BMI categories 0.08

Obese 30 (60%) 12 (40%)
Non-obese 20 (40%) 18 (60%)

Duration of diabetes (years) Mean ± SD: 6.3 ± 4.1 N/A N/A
Blood pressure  0.001

Systolic 142.1±10.2 120.4±8.3
Diastolic) 88.3 ± 9.5 78.2 ± 7.4 0.001

Medication use
Insulin (%) 30 (60%) N/A N/A
Metformin (%) 40 (80%)
Lipid-lowering drugs (%) 25 (50%)

Lifestyle Factors
Smoking (%) 10 (20%) 5 (17%) 0.75
Alcohol use (%) 15 (30%) 10 (33%) 0.80

Comorbidities
Hypertension (%) 35 (70%) 12 (40%) 0.01
Cardiovascular disease History (%) 10 (20%) 4 (13%) 0.38
Abbreviations: T2DM, Type 2 Diabetes Mellitus; SD, standard deviation;  Level of significance: P≤0.05



Rwanda Journal of Medicine and Health Sciences Vol. 9 No.2, July 2026                                                           https://dx.doi.org/10.4314/rjmhs.v9i2.4                                      
____________________________________________________________________________________________________________________
Evaluation of biochemical parameters 
between participants with diabetes and 
controls
The patients with T2DM had elevated FBS 
(170.84 ± 48.76 mg/dL), CP (35.91 ± 1.95 
mg/dL), and lipid parameters (TC, TG, HDL, 
and VLDL), 

while TAS was significantly lower (2.45 ± 
0.42 U/L) compared to controls. The LDL 
levels, though higher in patients with T2DM, 
they were not statistically significant (Table 
2). 
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Table 2. Comparison of the mean concentration of the measured biochemical 
parameters between participants with diabetes and controls (N=80, independent 
t-test)

Parameters Patients With 
T2DM  (n=50)

Controls

(Patients Without T2DM)

(n=30)

P -Value

FBS (mg/dL) 170.84 ± 48.76 61.08 ± 12.63 0.001
CP (mg/dL) 35.91 ± 1.95 25.34 ± 1.49 0.001
TC (mg/dL) 205.27 ± 52.20 159.42 ± 36.16 0.001
TG (mg/dL) 178.54 ± 65.52 118.05 ± 59.08 0.001
HDL (mg/dL) 59.89 ± 20.35 38.68 ± 10.02 0.001
LDL (mg/dL) 110.93 ± 33.85 97. 31 ± 21.97 0.053
VLDL (mg/dL) 35.70 ±13.11 23.61 ± 11.82 0.001
MDA (μmol/L) 2.88 ± 0.67 1.82 ± 0.28 0.001
TAS (u/L) 2.45 ± 0.42 4.17 ± 1.07 0.001

Abbreviations: FBS, fasting blood sugar; TC, total cholesterol; TG, triglycerides;HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; VLDL, very low-density lipoprotein; CP, ceruloplasmin; MDA, malondialdehyde; TAS, total 
antioxidant status. Level of significance: P≤0.05

Stratified HDL levels by medication use, 
sex, and obesity status
Stratification by statin use revealed that 
statins may significantly elevate HDL levels 

in patients with T2DM (p=0.03, explaining 
the higher-than-expected HDL results 
(Table 3).

Table 3. Stratified HDL levels by medication use, sex, and obesity status (N=80, 
independent t-test)

Factor Patients withT2DM  

(n=50)

Controls

(Patients Without T2DM)

(n=30)

P-Value

Statin Use Statin: Mean ± SD = 60.5 ± 21.4 Statin: Mean ± SD = 42.8 ± 10.9 0.03
Non-statin: Mean ± SD = 56.2 ± 20.6 Non-statin: Mean ± SD = 34.1 ± 9.5 0.04

Sex Male: Mean ± SD = 62.3 ± 18.3 Male: Mean ± SD = 41.5 ± 12.3 0.02
Female: Mean ± SD = 55.3 ± 19.4 Female: Mean ± SD = 35.6 ± 7.6 0.03

Obesity Status Obese: Mean ± SD = 58.1 ± 22.7 Obese: Mean ± SD = 36.2 ± 9.3 0.05
Non-obese: Mean ± SD = 59.5 ± 19.8 Non-obese: Mean ± SD = 41.4 ± 11.5 0.07

Abbreviation: SD, standard deviation. Level of significance: P<0.05



  https://dx.doi.org/10.4314/rjmhs.v9i2.4                                                   Rwanda Journal of Medicine and Health Sciences Vol. 9 No.2, July 2026                                                           
____________________________________________________________________________________________________________________
Evaluation of biochemical parameters 
among participants with diabetes in 
relation to their BMI
Sex and obesity status also influenced HDL 
levels, with males (p=0.02) and non-obese 
individuals (p=0.07) showing higher HDL 
concentrations. 

Obese participants showed significantly 
higher CP, TC, TG, HDL, VLDL, and MDA 
levels and reduced TAS compared to non-
obese counterparts (Table 4). 
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Table 4. Comparison of the mean concentration of the biochemical parameters 
among participants with diabetes in relation to their BMI (n=50, independent 
t-test)

Parameters

Obese 

Mean ± SD 

(n=21)

Non-Obese 

Mean ± SD 

(n=29)

P -Value

FBS (mg/dL) 181.50 ± 62.09 163.11 ± 35.50 0.191
CP (mg/dL) 37.83 ± 0.68 34.52 ± 1.26 0.001
TC (mg/dL) 222.97 ± 54.68 192.45 ± 47.20 0.040
TG (mg/dL) 212.91 ± 73.65 153.66 ± 45.94 0.001
HDL (mg/dL) 67.82 ± 18.09 54.15 ± 20.23 0.017
LDL (mg/dL) 121.71 ± 40.02 103.13 ± 26.67 0.054
VLDL (mg/dL) 42.58 ± 14.74 30.72 ± 9.18 0.001
MDA (μmol/L) 3.12 ± 0.71 2.70 ± 0.60 0.027
TAS (u/L) 2.27 ± 0.35 2.58 ± 0.43 0.009
Abbreviations: FBS, fasting blood sugar; CP, ceruloplasmin; TC, total cholesterol; TG, triglycerides; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; MDA, malondialdehyde; TAS, 
total antioxidant status; SD, standard deviation. Level of significance: P<0.05

Correlation between the measured 
parameters and CP level among diabetic 
participants
Correlation analysis was performed to 
assess the relationship between CP and 
metabolic parameters among participants 
with T2DM. 

Serum CP showed significant positive 
correlations with FBS (r = 0.798, p < 0.001), 
TC (r = 0.445, p < 0.001), TG (r = 0.454, p < 
0.001), HDL (r = 0.544, p < 0.001), LDL (r = 
0.235, p = 0.036), and VLDL (r = 0.454, p < 
0.001) (Figure 1 & 2).

Figure 1. Correlation coefficients between serum ceruloplasmin and metabolic 
parameters among diabetic study participants
Abbreviations: CP, ceruloplasmin; FBS, fasting blood sugar; TC, total cholesterol; TG, triglycerides; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein. Level of significance p<0.05.
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Discussion

This study investigated the differences 
in lipoprotein profiles and levels of serum 
ceruloplasmin between individuals with 
T2DM and controls and the relationship 
of ceruloplasmin with selected metabolic 
parameters. The findings revealed that 
diabetic subjects had significantly increased 
serum cesuloplasmin concentrations 
and dyslipidaemia compared with the 
non-diabetic control subjects. Serum 
ceruloplasmin is significantly associated 
with fasting blood glucose as well as 
total cholesterol, triglycerides, HDL, LDL 
and VLDL concentrations in the diabetic 
subjects. The complex correlations between 
insulin resistance and oxidative stress, as 
well as disorder in T2DM, have been shown 
in this study. A considerable increase in 
fasting blood sugar levels in T2DM cases 
when compared with normal controls does 
suggest a reduced secretion of insulin.

Reduced insulin secretion can occur in 
T2DM, but it is usually relative to the 
degree of insulin resistance and becomes 
more prominent as β-cell function 
declines over time.[3,21] Moreover, the 
association of dyslipidemia, characterized 
by elevated TC, TG, and VLDL levels, with 
reduced TAS among the participants with 
diabetes subjects suggests that these lipid 
abnormalities may contribute to increased 
oxidative stress and inflammatory processes 
in diabetes.[8,22] In this study, higher 
levels of HDL were observed in patients with 
T2DM  than in controls. In exploring this 
anomaly, we performed stratified analyses 
by statin use, sex, and obesity status. 
Stratification according to treatment with 
a specific lipid-lowering drug resulted in a 
statistically significant elevation of serum 
HDL in patients with T2DM (P=0.03), which 
is consistent with the observed elevated 
HDL levels. 
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Figure 2. Scatter plot showing correlation of MDA vs TAS among diabetic participants
Abbreviations: MDA, malondialdehyde; TAS, total antioxidant status.
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Additional analysis performed on 
participants not receiving lipid therapy 
also confirmed an increased level of HDL 
in patients with T2DM (mean HDL_T2DM 
= 60.5 ± 21.4 vs. controls = 42.8 ± 10.9; t 
= X, p = X), implying that such elevation 
might be induced due to any alteration in 
the composition or function of HDL and not 
just by an increase in the amount of HDL.
[23,24] Gender and obesity also affect HDL 
levels, with men exhibiting considerably 
higher HDL than women (P=0.02), with 
non-obese individuals harboring elevated 
HDL than the obese (P=0.07). These 
results challenge the usually seen diabetic 
dyslipidemia, suggesting instead, that 
factors like medication use, sex, and obesity 
have significant effects on HDL variations in 
patients with T2DM.[25]

The significant decrease in TAS and 
significantly high levels of MDA in the 
patients with T2DM, reflecting a severe 
oxidative stress status, may be a causative 
factor in functional alterations. ROS 
induces oxidative stress, generates free 
radicals, initiates fatty acid peroxidation 
reaction, and impairs the balance between 
oxidative stress and antioxidant systems, 
all of which are responsible for increased 
cardiovascular risk in T2DM.[22,26]  These 
statements are supported by a report that 
found an inverse correlation between MDA 
and TAS, further indicating that oxidative 
damage exacerbates as antioxidant defense 
levels become diminished.

Moreover, the rise in the CP level in patients 
with T2DM might reflect the involvement 
of CP as an APP and marker for chronic 
inflammation and oxidative stress. The 
ferroxidase activity of CP decreases 
iron-mediated oxidative injury, and yet 
paradoxically promotes oxidative injury (via 
the catalysis of oxidative modification of LDL) 
which is an early detection of atherogenesis.
[27,28] Interestingly our results also showed 
the involvement of CP with the lipid indices 
TC, TG, HDL, and VLDL in patients with 
T2DM, suggesting that CP might serve as 
a biomarker of dyslipidemia and metabolic 
disturbances in T2DM.

Obesity, a prevalent comorbidity in patients 
with T2DM that exacerbates metabolic 
disturbances, fosters higher concentrations 
of CP, TC, TG, HDL, VLDL, and MDA, 
compared to non-obese participants with 
diabetes, in addition to lower concentrations 
of TAS (P<0.001). This clearly suggests 
that the synergistic effects of obesity and 
T2DM might aggravate oxidative stress and 
dyslipidemia.[29,30] The fact that bursting 
BMI has such an action on all these points 
strongly points to a keen opportunity to 
focus on targeted interventions, which may 
consequently address metabolic and weight 
issues related to diabetes care in a more 
comprehensive manner.

The previously mentioned outcome 
reiterated the conclusion from a few other 
investigations showing that CP had a strong 
correlation with poor glycemic control, 
oxidation, and cardiovascular complications 
in patients with T2DM.[15,31,32] It was 
found that there was a significant positive 
correlation between ceruloplasmin levels 
in blood and TC, TG, HDL, and VLDL of 
T2DM, and so were implicated in metabolic 
dysfunction. The correlation between TG 
and CP (r = 0.45, 95% CI 0.20 to 0.64, p = 
0.001) and a negative correlation between 
MDA and TAS (r = -0.47; 95% CI,-0.67 to 
-0.26, p < 0.001) indicate that oxidation 
is involved in the progression of T2DM 
and thus makes the molecules depict 
it as mostly relevant. Meta-analytical 
observations suggest a consistent pattern of 
increased lipid peroxidation and decreased 
antioxidant capacity in T2DM. Formation of 
more MDA and TAS in clinical terms sheds 
much insight into oxidative damage and the 
capacity versus antioxidant activities to save 
the subject from oxidative stress, which is 
critical in provoking metabolic dysfunction 
and facilitating the progression of T2DM 
complications.[33,34]

The CP is an acute-phase protein (APP) that 
plays a role in the nonspecific phase of the 
body’s inflammatory response. The levels of 
CP increase during inflammation and have 
been shown to undergo an association with 
T2DM.
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The copper-handling capacity of CP is a 
key player in redox reactions, where copper 
is a cofactor in enzymes participating in 
oxidative stress modulation, for example, 
cytochrome c oxidase and superoxide 
dismutase (SOD). Under oxidative stress, 
CP could possibly transform from an 
antioxidant to a pro-oxidant, thus playing a 
part in the facilitation of lipid peroxidation 
and causing damage to cells.[35] The copper 
residing in the structure of CP would involve 
the formation of reactive oxygen species 
(ROS) in serious oxidative conditions, which 
could cause serious tissue damage and aid 
the pathogenesis of diabetic complications 
in particular diabetic nephropathy.[27]

Moreover, it has been noted that CP 
can positively predict the progression of 
complications like diabetic nephropathy, 
even though it does not have any association 
with the severity of other complications, 
retinopathy for example.[27,36] In the 
study, the HDL levels were significantly 
increased in patients with T2DM (p=0.03) 
and this elevation remained even after 
excluding patients on lipid-lowering therapy, 
suggesting that such enhanced HDL maybe 
related to altered HDL function, rather than 
the increased HDL itself, probably through a 
pathway of oxidative stress or inflammation.
[15] This is in line with observations about 
dysfunctional HDL in diabetes where 
antioxidants are rendered ineffective, while 
cholesterol efflux is also blunted, now giving 
it a proinflammatory role, as opposed to a 
protective role.[37,38] 

Furthermore, gender (P=0.02) and obesity 
status (non-obese, P=0.07) exhibit 
highly specific HDL values, which make 
lipid metabolism, oxidative stress, and 
inflammation an instrumental confounding 
factor for T2DM.[25] These suggest CP to be 
a marker of such metabolic dysregulation 
in T2DM. However, further evidence must 
depend on prospective research into its 
justice-associated complications with 
diabetes and its potential role as a target for 
therapy.

Strengths and limitations of the study
This study has several strengths. The 
cross-sectional design enabled comparison 
between diabetic and non-diabetic groups 
within the same setting. Age- and sex-
matched controls improved internal 
validity. Standardized laboratory methods 
supported the reliability and consistency 
of the outcome, while several biomarkers 
enhanced comprehensive assessment.

This study has provided us with considerable 
information, yet there are several 
limitations. The FBS was used as a long-
term hyperglycemia marker rather than a 
very precise measure of glycemic control for 
a much longer-term, implicating in HbA1c-
metered presence of blood sugar for the past 
2-3 months. The use of FBS was simply 
because it is easily amenable and often 
used clinically. Maintaining a concurrent 
measurement of HbA1c in future studies to 
assess glucose control might provide a more 
effective and comprehensive evaluation of 
the complications of T2DM.

Furthermore, the cross-sectional design 
of the described work encumbers causal 
inferences among the lipoproteins, 
ceruloplasmin, and glycemic control. A 
longitudinal study should give much better 
clarification about the timeline related to 
these biomarkers and the interface of T2DM. 
It is also important to note that the study 
was conducted in a single centre, which 
could challenge its generalizability to other 
regions or various populations.

Conclusion

This study disclosed the status of CP and 
lipid profile parameters in the consequent 
state of metabolic and oxidative stress in 
T2DM cases. The high values of CP and 
dyslipidemia concomitantly with low values 
of TAS favour the metabolic evaluation 
against the backdrop of T2DM, which again 
stands with the pillars of prevention protocol. 
These abnormalities are further and more 
significantly inflated by the burgeoning 
epidemic of obesity, driving the point for the 
search of possible weight management
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strategies and combating oxidative stress. 
On that scale, CP emerges as among the 
stronger candidate biomarkers for early 
detection and monitoring of therapy in 
T2DM. Incorporating these findings into 
patient care may improve metabolic control 
as well as reduce the burden of diabetic 
complications. In the future, research 
establishing these initial findings in larger 
longitudinal cohorts and testing targeted 
therapeutics should be given priority.
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