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EVALUATING HIGH-SENSITIVITY C-REACTIVE PROTEIN (hsCRP) LEVELS IN TYPE 2 DIABETES MELLITUS ON TREATMENT: EVIDENCE FROM REFERRAL HOSPITALS IN ENUGU METROPOLIS


ABSTRACT
Type 2 diabetes mellitus (T2DM) is associated with chronic low-grade inflammation, often reflected by elevated high-sensitivity C-reactive protein (hsCRP) levels. This study compared demographic and clinical characteristics, particularly high-sensitivity C-reactive protein (hsCRP) and fasting plasma glucose (FPG), between diabetic and non-diabetic adults, and examined the correlation between hsCRP and FPG. A comparative cross-sectional design was employed, with demographic variables (age, gender, alcohol consumption, and smoking status) and clinical parameters (fasting plasma glucose, FPG, and high-sensitivity C-reactive protein, hsCRP) assessed. Statistical analyses included independent t-tests for continuous variables, Chi-square tests  for categorical variables, and Pearson’s correlation for associations, with significance set at p < 0.05. A total of 160 participants were included (80 diabetics, 80 non-diabetics). Age (p = 0.692), gender (p > 0.999), and alcohol consumption (p = 0.395) were similar across groups. However, smoking status differed significantly (p = 0.014), with a higher proportion of never-smokers in the non-diabetic group (78.75%, n = 63) compared to the diabetic group (57.5%, n = 46). The mean age was comparable between diabetics (48.66 ± 10.50 years) and non-diabetics (48.14 ± 11.04 years; p = 0.758). Notably, diabetics had significantly higher mean FPG (113.00 ± 20.03 mg/dl vs. 85.33 ± 15.17 mg/dl; p < 0.001) and hsCRP levels (1.60 ± 0.71 mg/dl vs. 1.16 ± 0.65 mg/dl; p < 0.001). Furthermore, a statistically significant positive correlation was found between hsCRP and FPG (r = 0.518, p < 0.001).
These findings demonstrate that individuals with diabetes exhibit elevated hsCRP and FPG levels. The observed significant positive correlation indicates that higher hsCRP levels are associated with increased FPG, suggesting that inflammation may play a role in poor glycemic control. Thus, monitoring hsCRP may provide valuable insights into the interplay between systemic inflammation and glycemic control in type 2 diabetes mellitus.
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INTRODUCTION
Diabetes mellitus (DM) presents a rapidly escalating global health challenge, with substantial increases in prevalence, associated morbidity, and healthcare expenditures documented by authoritative organizations including the International Diabetes Federation (IDF), the Non Communicable Diseases Risk Factors Collaboration (NCDRisC), and the Global Burden of Disease (GBD) Study (International Diabetes Federation, 2021; Global Burden of Disease 2021 Diabetes Collaborators, 2023). This burden is disproportionately borne by low- and middle-income countries (LMICs), where underdiagnosis, poor recognition, and suboptimal management persist as significant problems (Kengne et al., 2024). According to the 2021 IDF Diabetes Atlas, nearly 81% of the 537 million adults (aged 20–79) with diabetes reside in LMICs especially in regions such as sub Saharan Africa, the Middle East, and the Indian subcontinent with approximately half of these cases undetected, accounting for around 87.5% of global undiagnosed diabetes (International Diabetes Federation, 2021, Rahim et al., 2024). Projections estimate that 783 million individuals will have diabetes by 2045, with 85% residing in LMICs (Kengne et al., 2024).
Low-grade inflammation (LGI) is a characteristic feature of type 2 diabetes mellitus (T2D), playing a crucial role throughout the progression of the disease(Pellegrini et al., 2024). It is implicated in the onset of metabolic imbalances and the subsequent development of complications(Cifuentes et al., 2025). The liver produces C-reactive protein (CRP), which is a pentameric acute-phase reactant. Notably, CRP levels can rise by up to 1000-fold (Prasad, 2023). Such dramatic increases are often observed in chronic inflammatory conditions, such as autoimmune diseases and cancer, which can lead to persistent elevations in CRP levels in the blood (Hassaan et al., 2022). To better detect these elevated levels, a more sensitive assay, the high-sensitivity C-reactive protein (hsCRP) assay, was developed, offering increased sensitivity compared to the traditional CRP assay (Han et al., 2022). Supporting its clinical relevance, multiple studies have shown that individuals with type 2 diabetes have higher hsCRP levels in their blood than non-diabetic people (Donate-Correa et al., 2023). Serum hsCRP levels also rise as the stage of  cell dysfunction and insulin resistance progress(Pan et al., 2024).
A lot of interesting research has been documented  on diabetic mellitus in Enugu (Odoh et al., 2025; Okeke, 2024;Anene-Okeke et al., 2021) but there is a pressing need to investigate the pattern of c reactive protein among diabetic patients receiving treatment in referral hospitals in Enugu metropolis using very sensitive methods. This will provide reliable evidence based data for the clinians  for better management of diabetic patients and for better prevention of diabetic complications. This study aims to evaluate high-sensitivity c-reactive protein levels in treated type 2 diabetes mellitus in Enugu, south east Nigeria

MATERIALS AND METHOD
Study design
The study adopted a cross-sectional randomized survey designed to investigate the level of heavy metals in type 2 diabetic patients in Enugu metropolis
Ethical consideration
The study was reviewed and approved by the Ethical Committee of the Enugu State University of Science and Technology Teaching Hospital, Enugu. All procedures used in this study adhered to the guidelines of the 1964 Declaration of Helsinki regarding the confidentiality of participants.
Study population
The study included individuals with type 2 diabetes who attended clinics at the Enugu State University of Science and Technology Teaching Hospital and the University of Nigeria Teaching Hospital in Enugu, Nigeria. Eligibility was determined by predefined criteria. The comparison group consisted of individuals without diabetes, confirmed by normal fasting blood sugar levels, and matched for age and gender whenever possible.
Inclusion criteria
Adults of both sexes (over 18 years) with a history of type 2 diabetes mellitus, but no prior diagnosis of hypertension or other systemic diseases, were included.
Exclusion criteria
Subjects with liver or renal diseases, as well as pregnant women, were excluded.
Study area
The study was conducted from December 2023 to December 2024 in Enugu, southeastern Nigeria. Enugu, often referred to as the “Coal City,” is renowned for its extensive coal mining operations. The population consists mainly of civil servants, traders, and farmers.
Sample size
The sample size was determined using the following formular for sample size determination in cross-sectional studies (Naing et al., 2022) 

n = z2p(1-p)                  
           d2
n = sample size
z = level of 95% confidence interval (1.96)
p = % prevalence of diabetes in southeast Nigeria which is 10.0% (Cookey et al., 2022)
d = preferred precision at 0.05
n = (1.96)2 x 0.10(1- 0.10)
                     (0.05)2
      	
  adding 10% for attrition
Approximately 152.064 participants
One hundred and sixty participants were recruited for this study made up of eighty(80) type 2 diabetic patients and eighty (80) age and sex matched control participants who are not diabetics.
Sampling technique
The selection of each participant was made by simple random sampling. Every third person who fulfilled the inclusion criteria was selected.  

Data collection
Questionnaire administration 
After obtaining informed consent from the study participants, a trained nurse administered a pre-tested, semi-structured questionnaire to obtain the demographic, medical, and social history of the study participants.
Ethical Approval 
Ethical clearance for the study was obtained from the Health Research Ethics Committee of the ESUT Teaching Hospital, Parklane (ESUTHP/C-MAC/RA/034/VOL.4/98). All procedures conformed to the ethicual standards outlined in the 1964 Declaration of Helsinki. Confidentiality and anonymity were maintained through coded data handling and secure storage of personal information.


Specimen collection
All participants were instructed to fast overnight and refrain from eating on the morning of blood sample collection. Venous blood samples were collected by a trained phlebotomist under aseptic conditions. The skin over the antecubital fossa was disinfected using methylated spirit prior to venipuncture.  3mL was dispensed into a potassium ethylene diaminetetra aceticacid (K-EDTA) anticoagulant tube for the determination of high-sensitivity C-reactive protein (hsCRP).  Fasting plasma glucose was analyzed immediately with a drop of blood sample. All laboratory analyses were completed within 24 hours of sample collection to preserve sample integrity.

Laboratory procedures 
Analysis of blood samples of the study participants for Fasting plasma glucose and hsCRP.
Fasting blood glucose (FBG) levels were measured using the Accu-Chek Active point-of-care glucometer (Roche Diagnostics, Germany). Before analysis, device functionality was checked with a manufacturer-supplied quality control solution to ensure accurate readings. The device was calibrated using the provided calibration chip, in accordance with the manufacturer's instructions. When the device indicated readiness, capillary blood was collected from a finger prick and applied to test strips. This protocol was followed throughout the study to ensure data integrity and reproducibility. C-reactive protein (CRP) levels were measured using the Finecare™ FIA Meter Plus, a fluorescence immunoassay system from Guangzhou Wondfo Biotech Co., Ltd. The Finecare CRP Rapid Quantitative Test uses a sandwich immunodetection method. When a serum sample is applied to the test cartridge, a fluorescence-labeled CRP detector antibody binds to the CRP antigen in the sample. This complex moves along the nitrocellulose membrane by capillary action and is captured by immobilized CRP antibodies. The resulting accumulation correlates with the sample's CRP concentration. The Finecare FIA Meter measures the intensity of the fluorescent signal, providing a quantitative CRP value.

Statistical data analysis
Data collected from the study were initially recorded and organized using Microsoft Excel 2016. Statistical analyses were subsequently performed using GraphPad Prism version 8.03 (GraphPad Software Inc., USA). Categorical variables were presented as frequencies and percentages, while continuous variables were expressed as mean ± standard deviation (SD). Group comparisons for socio-demographic characteristics were conducted using the chi-square (χ²) test. The Student’s t-test was employed to compare continuous variables, including concentrations of  fasting plasma glucose (FPG), and age, between diabetic and non-diabetic participants. Pearson correlation analysis was used to assess the relationships between FPG  and hsCRP. A p-value of <0.05 was considered indicative of statistical significance.

RESULT
Table 1 presents the demographic and clinical characteristics of diabetic and non-diabetic participants. There were no significant differences in age distribution (p=0.692), gender (p > 0.999), or alcohol consumption status (p = 0.395) between the diabetic and non-diabetic groups. However, a statistically significant difference was observed in smoking status (p = 0.014), with a higher proportion of never-smokers in the non-diabetic group (78.75%) compared to the diabetic group (57.5%). 

Table 2 presents the mean age was comparable between diabetics (48.66 ± 10.50 years) and non-diabetics (48.14 ± 11.04 years) (p = 0.758). However, diabetics had significantly higher fasting plasma glucose (113.00 ± 20.03 mg/dl vs. 85.33 ± 15.17 mg/dl, p < 0.001), high-sensitivity C-reactive protein (hsCRP) (1.60 ± 0.71 mg/dl vs. 1.16 ± 0.65 mg/dl, p < 0.001) compared to non-diabetics. 

Figure 1, presents the correlation between  the measured hsCRP and fasting plasma glucose. A statistically significant positive correlation was observed between hsCRP levels and fasting plasma glucose (FPG) (r = 0.518, p < 0.001)


DISCUSSION
This study’s findings indicate that while demographic characteristics (age, gender, alcohol use) did not differ significantly between diabetic and non-diabetic participants, there were notable biochemical and lifestyle differences. Specifically, smoking status differed significantly, with a higher proportion of never-smokers in the non-diabetic group. More importantly, diabetics exhibited markedly elevated fasting plasma glucose (FPG) and high-sensitivity C-reactive protein (hsCRP) levels compared to non-diabetics, suggesting increased systemic inflammation. Furthermore, the significant positive correlation between hsCRP and FPG underscores a potential link between poor glycemic control and inflammatory status.
To contextualize these findings, FPG is a marker of glycemic regulation, while hsCRP is a sensitive biomarker of low-grade systemic inflammation, often associated with atherosclerosis, endothelial dysfunction, and insulin resistance(Kaur et al., 2025). In diabetics, chronic hyperglycemia can trigger oxidative stress and inflammatory cascades via activation of NF-κB and other pro-inflammatory pathways, leading to elevated hsCRP(Zamanian et al., 2024). Therefore, this bi-directional relationship suggests that hyperglycemia may drive inflammation, which in turn exacerbates insulin resistance, creating a harmful metabolic–inflammatory loop(Berbudi et al., 2025).
This link between inflammation and glycemic indices is supported by recent studies. For instance, Yang et al. (2025) documented that systemic immune-inflammatory markers mediated a substantial portion of the association between glycemic indices and mortality in diabetic and prediabetic populations, highlighting the role of inflammation as a mechanistic bridge between metabolic dysregulation and adverse outcomes (Yang et al., 2025). Consistent with this, the observation of elevated hsCRP in the diabetic group aligns with this concept and could represent both a marker and mediator of cardiometabolic risk. Similarly, elevated inflammatory markers such as CRP have been linked to worsened clinical outcomes in diabetics, particularly in settings of comorbid infections and cardiovascular stress (Yu et al., 2025).
The observed correlation suggests that in diabetic populations, inflammation is closely intertwined with glycemic control. Clinically, this reinforces the importance of therapeutic strategies targeting both blood glucose and systemic inflammation, such as combined lifestyle interventions, anti-inflammatory pharmacotherapy, and optimized glycemic management, to reduce long-term cardiovascular and metabolic complications.

CONCLUSION
The findings reveal that diabetics not only have higher glycemic indices but also elevated inflammatory markers, with a significant positive correlation between hsCRP and FPG. This aligns with current literature that links hyperglycemia to systemic inflammation, suggesting that integrated management of both pathways could improve long-term outcomes.
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	Variables
	Diabetis
	Non- Diabetic
	p-value

	Age in years 
	
	
	0.692

	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]30-39 n(%)
	15 (18.75)
	18 (22.50)
	

	40-49 n(%)
	25 (31.25)
	27 (33.75)
	

	50-59n(%)
	30(37.50)
	23 (28.75)
	

	≥60  n(%)
	10(12.50)
	12 (15.00)
	

	
	
	
	

	Gender
	
	
	>0.999

	[bookmark: OLE_LINK6]Male n(%) 
	[bookmark: OLE_LINK7]80 (50.00)
	80 (50.00)
	

	Female n(%)
	80 (50.00)
	80 (50.00)
	

	
	
	
	

	Smoking status
	
	
	0.014*

	[bookmark: OLE_LINK3]Never smoked n(%)
	46(57.5)
	63 (78.75)
	

	Former smoker n(%)
	28 (35)
	13 (16.25) 
	

	Current smoker n(%)
	06 (7.5)
	04 (5.0)
	

	
	
	
	

	Alcohol status
	
	
	0.395

	[bookmark: OLE_LINK4]Never drinks  n(%)
	16(20)
	13 (14.44)
	

	Moderate drinker  n(%)
	54 (67.5)
	60 (66.66)
	

	Excessive drinker  n(%)
	10 (12.5)
	17 (18.89)
	

	
	
	
	


Table 1: The demographic and clinical characteristics of diabetic and non-diabetic participants.
















Table 2: The mean age, FPG and hsCRP  levels of the study participants
	Variables
	Diabetics
	Non-diabetics
	P-value

	Age(years)
	48.66±10.50
	48.14±11.04
	0. 758

	FPG(mg/dl)
	113.00±20.03
	85.33±15.17
	<0.001**

	hsCRP (mg/dl)
	3.65±1.71
	1.93±1.03
	<0.001**
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Figure 1; Correlating the FPG with hsCRP of the diabetics.
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