


BIOCHEMICAL ASESSMENT OF DIABETES NEPHROPATHY IN NEWLY DIAGNOSED DIABETES MELLITUS PATIENT IN OGBOMOSO
ABSTRACTAims: To assess the biochemical markers for early detection of diabetic nephropathy (DN) among newly diagnosed diabetes mellitus (DM) patients in Ogbomoso, Nigeria. 
Study Design: A cross-sectional study design was employed, with data collected from 133 participants (78 diabetic, 36 prediabetics and 19 non-diabetic participants) from both urban and rural areas in Ogbomoso. Biochemical tests were conducted to measure fasting blood glucose (FBG), serum creatinine, cystatin C, and urinary microalbumin levels. Additionally, sociodemographic data were gathered through structured questionnaires, and anthropometric measures like BMI and waist circumference were taken. The study used standard diagnostic criteria to classify the participants and evaluate renal function. 
Results: Fasting blood glucose (FBG) differed significantly across groups (F = 95.37, p < 0.001), with diabetics showing markedly higher levels. In contrast, renal biomarkers urea (p = 0.618), creatinine (p = 0.972), cystatin C (p = 0.451), microalbuminuria (p = 0.247), and urine glucose (p = 0.142) exhibited no significant inter-group differences, indicating no variation in kidney function markers despite elevated glucose in diabetics. Among newly diagnosed diabetic patients, 39.7% displayed at least one abnormal diabetic nephropathy (DN) marker. Cystatin C emerged as the most accurate early detection biomarker, with 88.2% sensitivity, outperforming microalbuminuria and creatinine. Anthropometric measures, including BMI and waist circumference, were significantly linked to DN risk.
Conclusion: The study advocates integrating cystatin C and microalbuminuria into routine DN screening for newly diagnosed diabetics to enable early intervention and halt progression to severe kidney damage. It also underscores obesity's role in elevating nephropathy risk, urging priority on weight management in diabetes care. Cystatin C is recommended for clinical adoption as a primary early DN biomarker, especially in resource-limited settings.
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1.0 INTRODUCTION
Diabetic nephropathy (DN) is one of the most common and serious complications of diabetes mellitus, responsible for a large portion of chronic kidney disease cases worldwide. It develops gradually as prolonged high blood glucose levels damage the small blood vessels in the kidneys, reducing their ability to filter waste products effectively. This damage often begins silently, with no noticeable symptoms until kidney function is already impaired. The first biochemical sign of DN is usually the appearance of small amounts of albumin in the urine, known as microalbuminuria, which indicates early glomerular injury (Balu et al., 2022). If left unmanaged, microalbuminuria can progress to macroalbuminuria and eventually to end-stage renal disease (ESRD), requiring dialysis or transplantation (Selby & Taal, 2020). DN not only contributes to renal failure but also increases cardiovascular risk and overall mortality among diabetic patients. Early detection through biochemical screening is therefore essential to prevent irreversible kidney damage and improve long-term outcomes (Ibrahim et al., 2024).
Top of Form
Bottom of Form
Globally, the diagnosis of diabetic nephropathy (DN) is often delayed because the early stages of the disease are largely asymptomatic, and routine screening is not always prioritized in diabetes management programs. In high-income countries, structured screening and early intervention have improved detection rates, but in low- and middle-income nations, these systems are often inadequate (George et al., 2022; Bello et al., 2024). In Nigeria, where healthcare access remains uneven, many individuals are unaware of their diabetic status until complications such as DN develop. Limited healthcare infrastructure, cost barriers, and low awareness contribute to late diagnosis and poor outcomes (Ozioko & Kamalakannan, 2024). Rural populations are especially affected because diagnostic tests like microalbuminuria and cystatin C are rarely available outside tertiary hospitals. Cultural beliefs, preference for herbal remedies, and misconceptions about diabetes further delay medical consultation and proper treatment (Kapoula et al., 2020). As a result, most Nigerian patients present with advanced kidney impairment at the time of diagnosis, making effective management difficult and increasing the risk of mortality (Sueud et al., 2019; Bello et al., 2024).
Traditional biomarkers such as serum creatinine and microalbuminuria are widely used for detecting diabetic nephropathy, but they often fail to identify early kidney damage. Serum creatinine levels may remain normal until about half of kidney function is lost, while microalbuminuria can fluctuate with factors like infection and exercise (Balu et al., 2022). Cystatin C, however, is less affected by age, muscle mass, or hydration and rises earlier in renal dysfunction, making it a more sensitive marker for early nephropathy (Dastidar et al., 2024). Its stability and strong correlation with glomerular filtration rate enhance diagnostic accuracy compared to traditional markers (Amelia et al., 2022).
This study aimed to compare and rank the diagnostic performance of cystatin C, microalbumin, and serum creatinine in detecting early diabetic nephropathy among newly diagnosed diabetes mellitus patients in Ogbomoso, Nigeria. By identifying the biomarker with the highest sensitivity and specificity, the research seeks to provide evidence for more reliable screening in low-resource settings. 
2.0 METHODOLOGY
2.1 Study Design
A cross-sectional descriptive design was used to determine the prevalence and predictors of diabetic nephropathy (DN) among newly diagnosed diabetic patients. Data were collected at a single time point to identify early indicators of DN and explore related risk factors such as obesity and glycemic status.


2.2 Study Population
Adults aged 18 years and above, residing in Ogbomoso and willing to sign the informed consent form constituted population for this research. Newly diagnosed DM subjects were recruited for the study at Bowen University Teaching hospital, Ogbomoso, Nigeria and a village medical outreach in Iluju, Ogbomoso. Individuals with known diabetes, diabetic nephropathy, chronic kidney disease, pregnancy, infections, or malignancies were excluded. 
2.3 Sampling Technique and Sample Size
A non-probability sampling method was used. Newly diagnosed patients were identified from hospital records and invited to participate. 
The sample size was calculated using the formula for prevalence studies, based on an 8.4% DN prevalence (Amisu et al., 2023),
  = (1.96)2 x 0.084 x (1-0.0840)   
                    (0.05)2
 This gives a minimum of 118 participants, which was increased by 15% to 136 to account for non-response.
2.4 Data Collection Instruments and Procedure
Anthropometric parameters such as weight, height, BMI, waist, and hip circumference were measured. Biochemical analyses included measurements of fasting blood glucose (FPG), cystatin C, creatinine, urea, and microalbuminuria.
2.4.1 Screening
Fasting blood glucose was measured using Randox reagent kits and Accu-Chek glucometers. Participants were classified using American Diabetes Association (ADA,2025) criteria:
· >7.0 mmol/L – Diabetic
· 5.6–6.9 mmol/L – Prediabetic
· <5.6 mmol/L – Non-diabetic
All participants were screened for DN using microalbuminuria and cystatin C tests.
2.4.2 Sample Collection and Storage
About 5 ml of venous blood was collected for biochemical tests into appropriate sample bottles, and urine samples were collected for spot microalbuminuria. Samples were properly labeled and stored at –20°C until analysis.
Laboratory Analyses
Fasting Blood Glucose: Determined using the glucose oxidase-peroxidase method with colorimetric detection at 520 nm. Microalbuminuria: Assessed using Labcom Combi 14 test strips. Albumin levels were classified as:
· <30 mg/L (Normal)
· 30–300 mg/L (Microalbuminuria)
· 300 mg/L (Macroalbuminuria)
Cystatin C: Measured using Elabscience® ELISA kits based on the sandwich-ELISA principle, with absorbance read at 450 nm.
Reference range: 0.6–1.3 mg/L.
Creatinine: Determined by the kinetic Jaffe’s method using picric acid and NaOH; absorbance was measured at 492 nm.
Reference range:
· Males: 60–120 µmol/L, Females: 55–110 µmol/L.
Urea: Measured by the Modified Urease–Berthelot method, with absorbance read at 547 nm.
Reference range: 1.7–9.1 mmol/L.


Ethical Considerations
Ethical approval was obtained from the Ethical Review Committee of Bowen University Teaching Hospital (BUTH). Participants provided informed consent, and all data were coded to ensure confidentiality.

2.5 Data Analysis
[bookmark: _Toc211441449]Data were analyzed using SPSS version 27. Descriptive statistics (mean, standard deviation, and frequency) summarized socio-demographic and biochemical data. T-tests and ANOVA/Kruskal-Wallis tests compared means of biomarkers across diabetic, prediabetic, and non-diabetic groups. ROC curve analysis evaluated the diagnostic accuracy of renal biomarkers (cystatin C, microalbumin, and creatinine) using sensitivity, specificity, positive and negative predictive values, and Area Under the Curve (AUC). p-value < 0.05 was considered statistically significant.
3.0 RESULTS
A total of 133 participants aged 18–65 years were recruited and grouped as: 78 diabetics,36 prediabetics, and19 non-diabetics. Participants were selected from both hospital clinics and community outreach programs. 
3.1 Demographic Distribution of Participants
Table 1 shows the background information of the participants across the diabetes, prediabetes, and non-diabetes groups. Most of the diabetic participants were aged 60 years and above, making up more than half of that group (56.4%). This suggests that diabetes was more common among older adults. There were slightly more females than males in all groups, but the difference was not significant. Most participants were married and had at least a secondary education. A majority were skilled workers, and there was an equal distribution of participants from urban and rural areas. None of these characteristics showed a statistically significant difference (p> 0.05) across the three groups, meaning that the groups were generally similar in their demographic background.
[bookmark: _Toc211441862]
Table 1: Demographic Distribution of Participants
	Variable
	Category
	Diabetes (n = 78)
	Prediabetes (n = 36)
	Non-diabetes (n = 19)
	χ² 
	p-value

	Age Category (years)
	<30
	7 (9.0%)
	5 (13.9%)
	3 (15.8%)
	8.41 
	0.078

	
	30–39
	3 (3.8%)
	3 (8.3%)
	1 (5.3%)
	
	

	
	40–49
	11 (14.1%)
	7 (19.4%)
	2 (10.5%)
	
	

	
	50–59
	13 (16.7%)
	6 (16.7%)
	3 (15.8%)
	
	

	
	≥60
	44 (56.4%)
	15 (41.7%)
	10 (52.6%)
	
	

	Sex
	Male
	36 (46.2%)
	16 (44.4%)
	8 (42.1%)
	0.22 
	0.897

	
	Female
	42 (53.8%)
	20 (55.6%)
	11 (57.9%)
	
	

	Marital Status
	Married
	52 (66.7%)
	27 (75.0%)
	11 (57.9%)
	3.16 
	0.789

	
	Single
	12 (15.4%)
	4 (11.1%)
	4 (21.1%)
	
	

	
	Widowed
	10 (12.8%)
	2 (5.6%)
	2 (10.5%)
	
	

	
	Divorced
	4 (5.1%)
	3 (8.3%)
	2 (10.5%)
	
	

	Education Level
	No education
	2 (2.6%)
	1 (2.8%)
	1 (5.3%)
	7.24 
	0.298

	
	Primary
	20 (25.6%)
	10 (27.8%)
	3 (15.8%)
	
	

	
	Secondary
	47 (60.3%)
	18 (50.0%)
	11 (57.9%)
	
	

	
	Tertiary
	9 (11.5%)
	7 (19.4%)
	4 (21.1%)
	
	

	Occupation
	Skilled
	52 (66.7%)
	23 (63.9%)
	13 (68.4%)
	0.12 
	0.941

	
	Unskilled
	26 (33.3%)
	13 (36.1%)
	6 (31.6%)
	
	

	Household Income
	Low (<50,000)
	33 (42.3%)
	11 (30.6%)
	4 (21.1%)
	4.62
	0.202

	
	Medium (50,000 – 150,000)
	27 (34.6%)
	15 (41.7%)
	8 (42.1%)
	
	

	
	High (> 150,000)
	18 (23.1%)
	10 (27.8%)
	7 (36.8%)
	
	

	Settlement
	Urban
	39 (50.0%)
	18 (50.0%)
	10 (52.6%)
	0.07 (2)
	0.965

	
	Rural
	39 (50.0%)
	18 (50.0%)
	9 (47.4%)
	
	



3.2 Anthropometric Parameters of Participants
From the body measurements as shown in Table 2, diabetic participants had a much higher average Body Mass Index (29.31 ± 3.93) than prediabetic (26.58 ± 3.27) and non-diabetic (21.68 ± 1.83) participants. All diabetic participants were classified as having high BMI, while all non-diabetic participants had normal. The differences in Body Mass Index (BMI) were statistically significant (P < 0.001). For waist circumference (WC), the difference in mean values across groups was significant (P = 0.033), suggesting abdominal obesity was more pronounced in the prediabetic group. Hip circumference (HC) also differed significantly (P = 0.018), being larger in the diabetic and prediabetic groups compared to the normal group. However, the waist-to-hip ratio (WHR) showed no significant difference (P = 0.284). This means obesity and central fat accumulation were more common among diabetic participants, and these differences were statistically meaningful for BMI, WC, and HC, but not for WHR.
[bookmark: _Toc211441865]Table 2: Anthropometric Parameters of Participants 
	Parameter
	Diabetes (n=78)
	Prediabetes (n=36)
	Normal (n=19)
	P-Value

	BMI (Mean±SD)
	29.31 ± 3.93
	26.58 ± 3.27
	21.68 ± 1.83
	< 0.001

	BMI Normal
	0 (0.0%)
	12 (33.3%)
	19 (100.0%)
	< 0.001

	BMI High
	78 (100.0%)
	24 (66.7%)
	0 (0.0%)
	< 0.001

	WC (Mean±SD)
	90.71 ± 16.57
	97.28 ± 21.17
	90.21 ± 18.45
	0.033

	WC Normal
	31 (39.7%)
	11 (30.6%)
	8 (42.1%)
	0.291

	WC High
	47 (60.3%)
	25 (69.4%)
	11 (57.9%)
	0.291

	HC (Mean±SD)
	91.53 ± 9.58
	92.95 ± 10.75
	83.56 ± 10.74
	0.018

	HC Normal
	72 (92.3%)
	31 (86.1%)
	19 (100.0%)
	0.237

	HC High
	6 (7.7%)
	5 (13.9%)
	0 (0.0%)
	0.237

	WHR (Mean±SD)
	1.00 ± 0.18
	1.06 ± 0.24
	1.09 ± 0.21
	0.284

	WHR Normal
	8 (10.3%)
	2 (5.6%)
	1 (5.3%)
	0.810

	WHR High
	70 (89.7%)
	34 (94.4%)
	18 (94.7%)
	0.810




3.3 Biochemical Parameters of Participants
[bookmark: _Toc211441870]The biochemical markers as shown in Table 3 show that Fasting blood glucose (FBG) showed a highly significant difference among the groups (P < 0.001). Diabetic participants had the highest FBG (13.06 ± 3.86 mmol/L), followed by prediabetic (6.26 ± 0.43 mmol/L) and non-diabetic (4.40 ± 0.59 mmol/L) groups. This result confirms the classification of the groups and shows strong statistical difference. Other parameters urea (p = 0.618), creatinine (p = 0.972), cystatin C (p = 0.451), microalbuminuria (p = 0.247), and urine glucose (p = 0.142) did not differ significantly. This means that, at the time of measurement, there were no major biochemical differences in kidney function markers among the groups despite differences in glucose levels.
Table 3: Biochemical Parameters of Participants
	
Parameter
	Diabetes (n=78)
	Prediabetes (n=36)
	Normal (n=19)
	Statistic (F/H)
	p-value

	FBG (mmol/L)
	13.06 ± 3.86

	6.26 ± 0.43

	4.40 ± 0.59

	95.37
	< 0.001

	Urea (mmol/L)
	3.71 ± 1.44
	3.23 ± 1.75 

	3.80 ± 1.25
	0.48
	0.618

	Creatinine (µmol/L)
	85.59 ± 29.35 
	85.44 ± 38.39 
	86.31 ± 18.49 
	0.03
	0.972

	Cystatin C (mg/L)
	2.82 ± 8.89
	1.30 ± 6.11 
	2.12 ± 8.46
	1.59
	0.451

	Microalbuminuria (mg/L)
	10.59 ± 24.88 
	5.91 ± 16.78 
	2.04 ± 8.89 
	2.82
	0.247

	Proteinuria (mg/L)
	0.00 ± 0.00 
	0.00 ± 0.00 

	0.00 ± 0.00 
	-
	-

	Urine Glucose (mmol/L)
	0.07 ± 0.05 

	0.02 ± 0.04 

	0.00 ± 0.00 
	3.91
	0.142



3.4 Prevalence of Diabetic Nephropathy
Table 4 showed how common diabetic nephropathy (DN) was among the groups. Although the proportion of participants with abnormal values was higher among diabetics (e.g., 14.1% for cystatin C, 24.4% for creatinine, and 15.4% for microalbuminuria), none of these differences were statistically significant (p-values ranged from 0.181 to 0.873). The overall proportion of participants with any abnormal DN marker was 39.7% among diabetics compared to 21.1% among non-diabetics, but this difference was also not significant (p = 0.375). These findings suggest that while the diabetic group showed higher numerical prevalence of DN markers, the variations were not statistically significant, possibly due to early-stage disease.
Table 4: Prevalence of Diabetic Nephropathy using Various Markers

	Marker
	Diabetes (n=78)
	Prediabetes (n=36)
	Normal (n=19)
	Total (n=133)
	χ²
	p-value

	Cystatin C > 1.0 mg/L
	11 (14.1%)
	4 (11.1%)
	3 (15.8%)
	18 (13.5%)
	0.27
	0.873

	Creatinine >110♂ / >100♀ µmol/L
	19 (24.4%)
	7 (19.4%)
	1 (5.3%)
	27 (20.3%)
	3.42
	0.181

	Microalbuminuria ≥30 mg/L
	12 (15.4%)
	4 (11.1%)
	1 (5.3%)
	17 (12.8%)
	2.51
	0.285

	Any DN marker abnormal
	31 (39.7%)
	11 (30.6%)
	4 (21.1%)
	46 (34.6%)
	1.96
	0.375



3.5 Diagnostic Performance of Renal Biomarkers
Table 5 evaluated how accurately each biomarker detected DN. The area under the curve (AUC) values showed significant differences in diagnostic ability. Cystatin C had the highest diagnostic performance (AUC = 0.87, 95% Confidence Interval: 0.79–0.95), followed by creatinine (AUC = 0.73) and microalbuminuria (AUC = 0.69). The lower AUC values for urea (0.60) and FBG (0.58) indicate weak diagnostic strength. Since AUC values above 0.7 generally indicate good diagnostic accuracy, only cystatin C and creatinine are considered strong markers, with cystatin C being statistically superior based on its confidence interval and ranking.
[bookmark: _Toc211441872]Table 5: Diagnostic Performance of Renal Biomarkers
	Biomarker
	AUC 
(95% CI)
	Cut-off (mg/L/ µmol/L)
	Sensitivity (%)
	PPV (%)
	NPV (%)
	Rank

	Cystatin C
	0.87 
(0.79 – 0.95)
	> 1.0
	88.2
	82.5
	80.4
	1

	Creatinine
	0.73 
(0.61 – 0.85)
	> 100
	70.6
	68.4
	66.0
	2

	Microalbuminuria
	0.69 
(0.55 – 0.83)
	≥ 30
	64.7
	70.2
	68.3
	3

	Urea
	0.60 
(0.47 – 0.73)
	> 4.5
	55.9
	61.4
	59.0
	4

	FBG
	0.58 
(0.46 – 0.70)
	> 7.0
	51.5
	60.0
	57.8
	5



4.0 DISCUSSION
4.1 Anthropometric Parameters and DN Risk
The study found a strong link between Body Mass Index (BMI), waist circumference (WC), and diabetic nephropathy (DN) in newly diagnosed diabetes patients, identifying central obesity as a better predictor than waist-to-hip ratio (WHR), which was not statistically significant. However, since the study used cross-sectional data, the observed relationships may indicate correlation rather than causation. Supporting studies by Ding et al. (2024) also identified WC as an important predictor, while Zhang et al. (2024) reported that BMI’s association with nephropathy weakens after adjusting for age and blood sugar control. Although emphasizing central obesity over overall fat distribution is reasonable, stronger evidence from longitudinal studies is needed to confirm this relationship.
4.2 Biochemical Markers: Hyperglycemia and Renal Integrity
Fasting blood glucose levels were significantly higher in diabetic participants (p < 0.001), but kidney function markers such as urea, creatinine, cystatin C, and microalbuminuria showed no notable differences between groups. This suggests early or subclinical kidney involvement, which is similar to findings by Zadabbas et al. (2024) who reported elevated but statistically significant cystatin C in early diabetes. Although the study attributes the lack of biomarker elevation to participants being newly diagnosed, this explanation is limited, as 39.7% still showed at least one abnormal marker. The findings align with those of Zhang et al. (2019); however, the conclusion that there is “no evident kidney dysfunction” appears premature without longitudinal follow-up to confirm whether the disease progresses over time.
4.3 Prevalence of DN in Early Diabetes
The study reported a 39.7% prevalence of DN among diabetic patients, with cystatin C (14.1%), microalbuminuria (15.4%), and creatinine (24.4%) abnormalities, but no significant difference between diabetic and prediabetic groups. Interestingly, 30.6% of prediabetic participants also showed abnormal biomarkers, which challenges the idea that DN is driven mainly by hyperglycemia. (Okeji et al., 2025), suggested shared risk factors like obesity, hypertesion, and dyslipidemia as possible explanations but this weakens the argument that DN is primarily glucose-related. Although detecting DN early is valuable, the similar rates in non-diabetic groups may reflect either limited biomarker specificity or the influence of unmeasured factors.
4.4 Diagnostic Superiority of Cystatin C
Cystatin C demonstrated high diagnostic accuracy (AUC = 0.87, sensitivity 88.2%), outperforming microalbuminuria (AUC = 0.69) and creatinine. This aligns with findings by Dastidar et al. (2024) and other researchers, though the identical AUC values raise concerns about potential data overlap or selective reporting. Since the study used a single cutoff point in a newly diagnosed group, the results may not apply broadly. While creatinine is known to rise later in the disease process, the usefulness of microalbuminuria (sensitivity 64.7%) should not be overlooked. Although cystatin C appears to be a strong early marker, recommending it as the best option in all settings ignores practical issues such as cost and test availability. A balanced approach that considers both accuracy and feasibility is therefore more appropriate
CONCLUSION
The study emphasizes that cystatin C and microalbumin are important indicators for identifying early kidney damage in diabetic patients. It reveals that nephropathy may have develop even before the diagnosis of diabetes with central obesity being a major risk factor. Socioeconomic status showed no significant effect on nephropathy occurrence. Overall, cystatin C emerged as the most reliable early marker and should be included in routine diabetes screening.
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