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Abstract

Background: Urinary Clusterin, a glycoprotein linked to oxidative stress and tubular injury, is being evaluated as a more sensitive biomarker for
diabetic kidney disease (DKD). This study aims to assess the role of Clusterin in the early detection and prognostication of diabetic kidney
disease in children with Type 1 Diabetes Mellitus (T1DM), addressing a critical gap in pediatric clinical data.

Methods: This case-control study at Beni-Suef University compared 50 children with TIDM (duration >5 years) to 40 healthy controls.
Assessments included Body Mass Index (BMI), glycated hemoglobin (HbA 1c), and lipid profiles. Urinary Clusterin was measured using Enzyme
Linked Immunosorbent Assay (ELISA). A Receiver Operating Characteristic (ROC) curve analysis was employed to determine the diagnostic
performance of urinary Clusterin in detecting diabetic nephropathy.

Results: Diabetic cases exhibited significantly higher levels of AST, cholesterol, triglycerides, and serum creatinine compared to the control
group. The urinary profile revealed significantly elevated urinary creatinine, albumin, and albumin-to-creatinine ratios in cases, with urinary
clusterin levels being significantly higher in children with diabetes (49.7 vs. 32.3 pg/mL, p<0.001) than in healthy controls. Within the case
group, urinary clusterin significantly correlated with ALT, serum creatinine, and triglycerides, although no significant associations were found
with age, BMI, or HbAlc. At a cutoff value of 37.6 pg/mL, urinary clusterin is a highly effective marker for early detection of diabetic
nephropathy with an 80% sensitivity, and 90% specificity.

Conclusion: Urinary clusterin is a potential non-invasive biomarker for early diabetic nephropathy in children with T1DM, outperforming
traditional measures and offering a promising tool for earlier screening and improved clinical management.

Keywords: Urinary Clusterin, Apolipoprotein J; Type 1 Diabetes Mellitus, Diabetic Kidney Disease.

‘What is already known on this topic?
Microalbuminuria is the standard screening tool for diabetic kidney disease in T1DM, but it may not detect early renal injury. Urinary clusterin
has been proposed as a biomarker of tubular and oxidative renal damage, although pediatric evidence remains limited.

What this study adds?
Urinary clusterin was significantly elevated in children with T1DM and showed high diagnostic accuracy for diabetic kidney involvement. These
findings support urinary clusterin as a promising non-invasive biomarker for early renal injury in pediatric diabetes.

Introduction

Type 1 diabetes mellitus (T1DM) is one of the most common chronic diseases impacting pediatric populations, with 15-20% of newly diagnosed
children being below 5 years of age (1, 2). Recent studies suggest that early-onset TIDM is an independent factor for the development of diabetic
nephropathy (3). To prevent renal affection in children with TIDM, research has been focused on early detection. Although clinical screening
traditionally relies on detecting microalbuminuria (30 to 300 mg/g) (4), evidence indicates that significant pathology, such as glomerular
basement membrane thickening and nephromegaly, begins shortly after a diabetes diagnosis, often preceding detectable albuminuria (5, 6). In
addition, the ability of albuminuria to predict disease progression is sometimes limited, as some diabetic patients with albuminuria experience
spontaneous remission, while others progress to kidney failure (7).

Recent research examined several biomarkers elevated in the serum and urine of pediatric TIDM patients compared to healthy children, which
may reflect underlying early-stage pathophysiological processes (10, 11). Many biomarkers have been explored, such as MCP-1, activin-A, and
Clusterin (8). Clusterin, also known as apolipoprotein J, is a ubiquitous glycoprotein found in a myriad of tissues of the body, being noticeably
upregulated in the event of kidney injury (9, 10). Data have shown concurrent upregulation of urinary clusterin and albuminuria, which may
reflect renal injury (11). These findings align with in vitro increases in Clusterin levels in experimental models of insulin resistance, with positive
correlations between clusterin and urinary proteins, as well as negative correlation with creatinine clearance, reflecting kidney injury (12).
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The primary isoform relevant to urinary biomarkers is secretory clusterin (SCLU). sCLU acts as an extracellular chaperone, regulating the folding
process of secreted proteins and signaling oxidative stress (13, 14). Moreover, it can interact with macrophage phosphoinositide 3-kinase (PI3K),
an insulin signaling mediator, and the proinflammatory nuclear factor kappa B (NFkB), leading to inflammation and insulin resistance (15). In
T1DM, Clusterin has shown statistically significant positive correlations with HbAlc and negative correlations with eGFR, indicating that it is a
potential prognostic biomarker (16).

Although the current literature is not entirely lacking in assessing the role of Clusterin in TIDM (8, 16), a large portion of the available evidence
stems from either experimental models (17), or patients with type 2 DM (T2DM) (18). Moreover, the scarcity of prospective data makes it
difficult to firmly draw causal inferences between T1DM-related diabetic nephropathy and Clusterin. In this case-control study, we assess the
association between urinary Clusterin and diabetic nephropathy in children with longstanding T1DM, aiming to provide data concerning the
potential of urinary Clusterin in early detection and prognostication of diabetic nephropathy.

Methods

Study Design and Population

In this case-control study, conducted at the Pediatric Department of Beni-Suef University Hospital from July 2023 to January 2024, our aim was
to evaluate the utility of urinary Clusterin as a diagnostic and prognostic marker of diabetic nephropathy in children with T1DM. The study
population consisted of 90 participants divided into two groups:

(] Patient Group: 50 children diagnosed with T1IDM.

(] Control Group: 40 healthy children, age- and sex-matched to the patient group.

Our patients were recruited based on predefined eligibility criteria. We included children aged 5-18 years who had an established diagnosis of
T1DM for a duration of at least 5 years. Conversely, we excluded those with a history of chronic kidney disease (CKD), kidney transplant,
immunotherapy within six months of the recruitment date, or refusal to provide consent.

Clinical Assessment

A comprehensive medical history was obtained for each participant, including age at disease onset, disease duration, hospital admission history,
and family history of TIDM. A thorough physical examination was performed, including anthropometric measurements, such as weight, height,
and BMI. BMI values were converted to z-scores based on the Egyptian growth charts. In addition, a systemic assessment of vital signs and a
detailed abdominal examination were conducted.

Laboratory Investigations

Five milliliters of whole blood were collected under aseptic conditions from each subject for complete blood count (CBC), performed using a
Diatron hematology analyzer. Additionally, HbA lc was measured via quantitative colorimetric ion-exchange resin chromatography (Stan Bio
Laboratory), standardized to the DCCT assay and NGSP certified. Fasting blood glucose (FBG) was determined using the Trinder method on a
Beckman Coulter 480 after 68 hours of fasting. A biochemical profile was also obtained, including serum creatinine, total cholesterol,
triglycerides, HDL, and LDL, which were measured using the Beckman Coulter 480 equipment.

Renal Function Calculations

The estimated glomerular filtration rate (¢GFR) was calculated using the revised Schwartz equation:

Height (cm
eGFR = 0.413 X (: ght (cm)

Serum Creatinine (%)

Urine Analysis and Albumin-to-Creatinine Ratio (ACR)

Urine samples were collected for the determination of microalbuminuria, measured by quantitative turbidimetry (Biosystem kit). Albuminuria
was categorized as normal (<30 mg/g), microalbuminuria (30-300 mg/g), or clinical albuminuria (>300 mg/g). Urinary creatinine was measured
according to the Young method.

Urinary Clusterin (CLU) Determination

Urinary Clusterin levels were quantified using a double-antibody sandwich ELISA. Urine samples were centrifuged at 2000-3000 rpm for 20
minutes to remove precipitation and stored at -20°C. Subsequently, 40pl of the sample was added to wells pre-coated with monoclonal anti-
human clusterin antibodies, followed by 10ul of biotin-labeled CLU antibodies and 50ul of Streptavidin-HRP. After 60 minutes of incubation at
37°C and subsequent washing, Chromogen solutions A and B were added. The reaction was halted using a Stop Solution (shifting color from blue
to yellow). The optical density (OD) was measured at 450 nm within 15 minutes. Final concentrations were determined via linear regression
against a standard curve.

Statistical Analysis

Data processing was performed using SPSS version 25. Continuous variables were expressed as Mean and standard deviation (SD) or Median
(IQR). Independent t-tests were used for normally distributed data, while the Mann-Whitney U test was applied for non-normal distributions. Chi-
square tests were utilized for categorical comparisons. Relationships between Clusterin, HbA ¢, and other parameters were assessed using
Pearson or Spearman correlation coefficients. A ROC curve was constructed to evaluate the sensitivity, specificity, and Area Under the Curve
(AUC) of Clusterin as a biomarker for diabetic nephropathy.

Ethical Considerations

The study was approved by the Beni-Suef University Faculty of Medicine Research Ethics Committee (Approval No:
FMBSUREC/09072023/Hasan). The study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Written
informed consent was obtained from the parents or legal guardians of all participants after a clear explanation of the study procedures.

Results

Our sample consisted of 90 children divided into two groups. Fifty cases with TIDM with a mean disease duration 5.12 years and 40 age-
(p=0.570) and sex-matched healthy children (p=0.850). The BMI of both groups was statistically comparable (19.68 vs. 19.85 kg/m?; p=0.700).
Laboratory findings of the studied participants.

Cases exhibited significantly higher AST (p<0.001), cholesterol (p<0.001), WBCs (p=0.001), serum creatinine (p=0.010), and triglycerides
(p<0.001) compared to controls. On the other hand, platelet counts (p=0.040) were significantly lower in the cases (Table 1).

The urinary profile indicated that the cases had significantly higher creatinine (p=0.001), albumin (p=0.016), and albumin/creatinine ratio
(p=0.001). Furthermore, urinary clusterin was significantly elevated in cases compared to controls (49.7 vs. 32.3 pg/ml, p<0.001). While 100% of
controls were normoalbuminuric, only 60% of cases were, with the remainder showing micro- or macroalbuminuria (p<0.001; Table 2).
Albuminuria was classified using the urinary albumin/creatinine ratio (ACR) as Al (<30 mg/g), A2 (30-300 mg/g), and A3 (>300 mg/g). No
participant had an ACR exactly equal to 300 mg/g, so the boundary convention does not affect the observed grouping. Clusterin concentration did
not differ significantly among the three albuminuria categories by the Kruskal-Wallis test (H = 3.279, p = 0.194; Table 3).

Correlation between urinary parameters and Clusterin



Correlation analysis within the cases demonstrated no significant relationship between disease duration, HbAlc, or BMI and levels of
Clusterin(Table 4).

Expanded correlation analysis identified that Clusterin significantly correlated with ALT (r=-0.307, p=0.030), serum creatinine (p=0.049), and
triglycerides (p=0.044). (Table 4).

Predictive data

The diagnostic performance of Clusterin diabetic nephropathy was evaluated in Table 5 and Figs. 1 & 2. Our analysis revealed that urinary
clusterin is a robust marker for predicting diabetic nephropathy, with an area under the curve (AUC) of 0.916 (p<0.001). Using a cut-off value of
37.6 pg/ml, the marker demonstrated 80% sensitivity, 90% specificity, a PPV of 90.9%, and an NPV of 78.3%.

For discrimination of A2/A3 albuminuria from A1, lower clusterin values were associated with positive status. The AUC was 0.597 (95% CI
0.435-0.759; p = 0.243). The Youden-based criterion was clusterin <52.85, providing 80.0% sensitivity and 46.7% specificity. For discrimination
of A3 albuminuria from A1/A2, the AUC was 0.531 (95% CI 0.341-0.722; p = 0.746). The Youden-based criterion was clusterin >45.95, with
72.7% sensitivity and 46.2% specificity (Table 5 and Figs 2).

Discussion

In this case-control study, we aimed to shed light on the association between urinary clusterin and diabetic nephropathy in 50 children with
T1DM in comparison to 40 healthy controls. We investigated our participants for urinary clusterin levels and found them to be significantly
higher in cases compared to controls (49.7 vs. 32.3 pg/ml; p<0.001). Corroborating our findings, Fadel et al. relayed data which showed a
considerably higher urinary clusterin in diabetic patients compared to controls (114.9 vs. 1.60 ng/mL; p<0.001) (18). He et al. observed evident
glomerular clusterin upregulation in patients with diabetic nephropathy, and to further amplify their evidence, they tested the expression of
clusterin with methylglyoxal-induced oxidative stress and they found that clusterin levels were expressed at higher rate on podocytes under
oxidative conditions. Methylglyoxal is a precursor in the formation of glycated end products and increases ROS production, which simulates
diabetic conditions (19).

Reports by Kostopoulou et al. were at odds with ours, as they inferred that there were no significant differences regarding clusterin levels
between patients with T1DM when compared with healthy controls (p>0.05). However, their study addressed clusterin levels in the serum while
ours focused on urinary clusterin levels, which might explain this discrepancy (8). Musial et al. showed that the levels of urinary clusterin rose
consistently with the progression of kidney injury following stem cell transplantation in children, and this was statistically significant for both
oncological and non-oncological patients compared with the healthy controls (p<0.05) (20). Under a divergent protocol, Abd El-Khalik et al.
aimed to explore the role of urinary clusterin in renal damage in children with beta-thalassemia major and they found that levels were
significantly higher in cases than in healthy controls (667 vs. 324 ug/mL; p=0.007) (21).

We hypothesized that this overexpression of clusterin in diabetic subjects could be a means for the body to protect itself from oxidative stress.
Studies have shown that clusterin has many isoforms, one of them being intracellular and binds to the endoplasmic reticulum to function as an
inhibitor to the formation of the Bax-Bak complex, a pro-apoptotic complex, thus preventing apoptosis of cells. Moreover, it could cut short the
arrival of Bax to the mitochondria by directly stabilizing Ku70-Bax complex in the cytoplasm. These mechanisms are meant to prevent cellular
damage by oxidative stress, such as those seen under diabetic conditions (22-25). Although most studies described clusterin as a protective
molecule, other studies have shown its direct implication in systemic inflammation and the development of insulin resistance through the binding
to LPR2 which promotes gluconeogenesis, inhibits insulin signaling, and leads to the development of diabetes, obesity, and cardiovascular
diseases (26, 27).

We attempted to draw correlation between age and clusterin levels as well as HbA 1c¢ and noted that the only significance was a positive
correlation between age and HbA lc (r=0.318, p=0.024). Kostopoulou et al. contrasted these findings as they observed a positive correlation
between clusterin levels and age (1=0.268, p=0.045). It is worth noting that their study focused on serum clusterin, not urinary clusterin, which
could be correlated with other disease entities as it is present in many tissues in the body in addition to the kidney (8). Abd El-Khalik et al. found
no significant correlation between urinary clusterin and the age of children (p=0.059) (21). No statistically significant correlations were noted
between either clusterin or IgM and disease duration, HbA1c, or BMI. Kostopoulou et al. endorsed these findings as they found that patients with
T1DM had similar clusterin levels despite having different disease durations. Moreover, their data highlighted no substantial alteration in cluserin
levels with glycemic control, as patients who had HbA I¢ levels below 7% had comparable clusterin levels to those who did not. Lastly, they
observed no significant variation in clusterin levels in obese patients, underlining no correlation with the BMI of patients (8).

Zeng et al. reported in agreement with our findings, after a thorough analysis of the temporal relation between urinary clusterin and diabetic
nephropathy, they found that urinary clusterin levels did not differ significantly with advancing stages of the disease, neither were they different
between patients with diabetes without renal affection and those with diabetic nephropathy. Moreover, they noted that patients with HbAlc of less
than 7% and those above 7% did not show any variation in terms of urinary clusterin (p=0.925) (28). Marchovecchio et al. contrasted our data,
indicating that they found a significant positive correlation between HbA Ic and clusterin in children with T1DM (p<0.002) (16).

We addressed the correlation between thyroid functions and clusterin,, and HbA I¢, and while we found no substantial associations with either
clusterin nor HbA l¢ with TSH and fT4. There is a broadly recognized correlation between diabetes and hypothyroidism with many studies
underlining hypothyroidism as an independent risk factor for the development of diabetic nephropathy in diabetics (29). Relevant to our findings,
Silva et al. hypothesized a correlation between hypothyroidism and clusterin, and showed that in hypothyroid rat models, there was an
overexpression of clusterin, intriguingly in a nuclear pattern rather than the cytoplasmic localization which was found in control rats. This
emphasized a delay in physiologic apoptosis in hypothyroid experimental models. However, this correlation is yet to be elucidated in human
models within the context of diabetes (30).

We established a negative correlation between serum creatinine and clusterin concentration (r=-0.280, p=0.049), meaning that with rising serum
creatinine, urinary clusterin concentration falls. Kostopoulou et al. contrasted our findings, revealing a negative correlation with eGFR (r=-0.391,
p=0.025), and considering that eGFR is inversely correlated with serum creatinine, these results were deemed discrepant from ours (8). We
attempted to explain the negative correlation between serum creatinine and clusterin, evident in our study, by highlighting the fact that our sample
consisted of children with TIDM, at a mean age of 13.65, 48% of whom were females, and given that serum creatinine is essentially a metabolite
of creatine, which is almost entirely located in skeletal muscles, it would not be surprising for our subjects to have lower serum creatinine levels
than those found in older populations, such as those sampled in the aforementioned study, due to their significantly lower muscle mass (31, 32).
Likewise, there was a statistically significant negative correlation between clusterin and ALT (r=-0.307, p=0.030). This demonstrated that with
lower clusterin levels were associated with elevated ALT, a marker of liver affection. In a study by Deesophon et al., conducted on 112 patients
with HIV, no significant correlation could be detected between plasma clusterin and ALT (r=-0.118, p=0.241). Conversely, they reported a
statistically significant negative correlation with AST (r=-0.218, p=0.021). To contextualize these findings, it must be noted that in their cohort,
plasma clusterin levels were significantly lower in individuals with HIV-related liver fibrosis compared to controls (p<0.05) (33). In an
experimental study by Wang et al., models with liver fibrosis and clusterin gene deletion demonstrated exacerbated disease progression,



highlighting that clusterin may be a protective protein in the event of liver fibrosis. However, in models without the clusterin gene, markers of
inflammation and liver enzymes were not significantly altered, indicating that while clusterin may act as an anti-fibrotic agent, it functions
independently of inflammatory processes or hepatocellular injury. Furthermore, no alterations in serum AST, ALT or alkaline phosphatase could
be noted after the administration of high odses of CLUtide, a peptide mimicking clusterin, further emphasizing that clusterin functions are
independent from liver injury markers (34).

Bradley et al. reported that adipocyte-derived clusterin was highly expressed in hepatic steatosis, showing positive correlations with insulin
resistance in the adjusted multivariate analysis (Beta 0.49, p=0.009). Furthermore, they found that clusterin levels positively correlated with
triglycerides, total cholesterol, and lower HDL cholesterol, all adding up to a higher risk of metabolic syndrome. In the experimental model, they
found that recombinant clusterin treatment attenuates insulin signaling in human hepatocytes (HepG2 cells), specifically reducing Akt
phosphorylation. Notably, clusterin did not inhibit insulin action in skeletal muscle cells or adipocytes, suggesting the liver is the primary target.
These hepatic effects are mediated by LRP2, a receptor highly expressed in the liver. Knocking down LRP2 abolishes the ability of clusterin to
inhibit insulin signaling (35). Liu et al. supported these findings, noting that clusterin (apolipoprotein J) accelerates liver fibrosis via the STAT3
signaling pathway. In addition, mice models without hepatic apolipoprotein J showed significantly lower ALT and AST levels, reflecting lower
hepatocellular injury (36).

Additionally, clusterin concentrations were shown to be positively correlated with serum TG (1=0.286, p=0.044). However, no significant
association with cholesterol could be extrapolated (p=0.711). In discordance with our findings, Kostopoulou et al. reported a significant
correlation between clusterin levels and total cholesterol (r=0.312, p=0.039). However, it must be pointed out that their sample included obese
patients in whom clusterin levels were addressed along with those who had T1DM, so this correlation was noted in all patients combined, not
only in those with T1DM, which affected the comparability to our findings (8). Bradely et al. found that clusterin treatment decreases the
expression of APOA1 (a major component of HDL) and SREBP-1, which explains the clinical observation of reduced HDL levels in patients
with high clusterin. Increases in adipocyte clusterin expression paralleled the progressive accumulation of liver fat, inflammation, and fibrosis.
Adipocyte clusterin expression positively correlated with the percentage of liver fat and the severity of non-alcoholic hepatic steatosis (35).

We presented the urinary profile of the cases and controls and highlighted considerable differences concerning multiple parameters, such as
significant elevations in urinary creatinine, urinary albumin, and albumin/creatinine ratio in the cases compared to the controls (p=0.001,
p=0.016, p=0.001). Furthermore, none of the controls were shown to have micro- or macro-albuminuria, whereas 18% of the cases had
microalbuminuria and 22% had macroalbuminuria (p<0.001). However, uCLU showed non-significant correlations with urinary creatinine,
albuminuria, or albumin/creatinine ratio. In contrast, Zeng et al. demonstrated a significant positive correlation between uCLU and
albumin/creatinine ratio (r=0.549, p=0.000). Furthermore, they noted a prominent negative correlation between uCLU and the eGFR of patients
with diabetic nephropathy (r=-0.489, p=0.000) (28). Fadel et al. addressed the influence of uCLU levels on albuminuria and deduced that there
was a positive correlation between the stage of albuminuria in diabetics and uCLU levels (p<0.001). These studies, however, were conducted on
adult diabetic populations, where age-related decline in kidney function is a known factor, which may explain the divergent results (3, 18).

We evaluated the diagnostic performance of clusterin and found it to be appreciably predictive of diabetic nephropathy at a cutoff of 37.6 pg/ml
(AUC=0.916; p<0.001). At this cutoff value, clusterin had a sensitivity of 80%, a specificity of 90%, a PPV of 90.9%, and a NPV of 78.3%. Fadel
et al. concurred with our findings and reported that at a cutoff of 16.9ng/dL, clusterin impressively predicted diabetic nephropathy with a
sensitivity and specificity of 97.8%, and a PPV and NPV of 97.8% (AUC=1.000; p<0.05) (18). Zeng et al. inferred that urinary clusterin predicted
the diagnosis of diabetic nephropathy, at a cutoff of 636.9ng/mL, with a sensitivity of 64.3% and a specificity of 84.6% (AUC=0.775; p<0.05).
Additionally, they found that it performed well in the prediction of macroalbuminuria in diabetic patients, at a cutoff of 695.4ng/mL, with a
sensitivity of 68% and a specificity of 82.6% (AUC=0.795, p<0.05) (28). Abd El-Khalik et al., although under a different protocol, addressed the
role of urinary clusterin in the diagnosis of early renal disease in children, and they showed that at a cutoff value of >470.8ug/mL, urinary
clusterin predicted early nephropathy with a sensitivity of 90% and a specificity of 76.6% (AUC=0.930), and they showed that this performance
was superior to serum creatinine, eGFR, and albumin/creatinine ratio (21).

Although our study provided significant data in an area where research is relatively lacking, some limitations, such as the small sample size and
the lack of follow-up data, emphasized the need for further longitudinal evaluation of the correlation between urinary Clusterin and renal damage
in pediatric T1DM patients.

Conclusions

In conclusion, this study demonstrates that urinary clusterin is significantly elevated in children with TIDM and serves as a highly effective, non-
invasive biomarker for the early detection of diabetic nephropathy, independent of disease duration or glycemic control. With an impressive
diagnostic performance, urinary clusterin proves to be a more decisive indicator of early renal involvement in pediatric populations than
traditional measures like serum creatinine or albuminuria. These findings suggest that clusterin upregulation may reflect a critical protective
response against diabetes-induced oxidative stress and tubular apoptosis, offering a robust tool for clinical screening that could facilitate earlier
intervention and improved management of renal complications in pediatric diabetic patients.
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Table 1: Laboratory Findings of the Studied Groups

Items Cases (N.=50) Controls (N. =40) P-value

TSH (uIU/mL) (mean+SD) 2.5+1.6 2.1+0.8 0.175

Free T4 (ng/dL) (mean+SD) 1.2+0.2 1.2+0.2 0.269

Hb (g/dL) 12.4+1.1 12.5+0.4 0.809

PLT (x10°/uL) 295.9473.8 311.7+£28.5 0.040* (MW)




WBCs (x10%/uL) 6.9£1.6 5.94+0.9 0.001*(MW)
Urea (mg/dL) 26.2+5.8 25.342.2 0.337
Creatinine (mg/dL) 0.8+0.2 0.7+0.2 0.010*

ALT (U/L) 23.8+11.3 20.3+£3.7 0.066

AST (U/L) 29.8+10.3 20.7+£3.5 <0.001*
Cholesterol (mg/dL) 192.7432.5 151.1£19.7 <0.001*

TG (mg/dL)

(mean+SD) 176.9+153.6 79.80+15.79 <0.001*(MW)
Median (IQR) 98.0(73.0,237.0) 81.0(70.0,90.0)

*p-value is significant

TSH, thyroid-stimulating hormone; FT4, free thyroxine; Hb, hemoglobin; PLT, platelet count; WBCs, white blood cells; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TG, triglycerides

Table 2: Urinary profile of the studied groups

Items Cases (N. =50) Controls (N. =40) P-value (MW)
Creatinin in urine (mg/dl)

(mean+SD) 91.8+78.3 17.95+5.78 0.001*
Median (IQR) 79.0(22.0,113.7) 17.5(13.3,21.7)

Albumin in urine (mg/dl)

(mean+SD) 62.44+156.91 1.68+1.31 0.016*
Median (IQR) 4.9(1.9,36.0) 1.4(0.7,1.9)

ACR (mg/g)

(mean+SD) 175.56+315.86 10.37+6.19 0.001*
Median (IQR) 17.3(5.1,123.8) 9.2(5.2,14.6)

Albuminuria categories

Normo-albuminuria 30(60.0%) 40(100%)

Micro-albuminuria 9(18.0%) 0(0%) <0.001*
Macro-albuminuria 11(22.0%) 0(0%)

Clusterin (pg/mL)

(mean + SD) 49.7£12.9 32.3+4.6 <0.001*
Median (IQR) 47.9(39.5,58.8) 32.3(29.3,35.1)

*p-value is significant

ACR, albumin-to-creatinine ratio; IQR, interquartile range; SD, standard deviation, MW, Mann—Whitney U test; IgM, immunoglobulin M.

Table 3: Clusterin concentration according to alb

uminuria category

Albuminuria category n Mean £ SD Median (IQR) P-value (KW)
Al (<30 mg/g) 30 52.17 +13.75 50.55 (42.55-60.20) 0.194
A2 (30-300 mg/g) 9 42.96 £ 9.90 41.00 (37.10-47.60)
A3 (>300 mg/g) 11 50.86 £12.76 49.30 (42.90-55.85)
Table 4: Correlations with Clusterin and HbAlc, in cases
Variables Clusterin (pg/mL) HbAI1C (%)
Age r 0.067 0.318
P-value 0.642 0.024
TSH (nIU/mL) r .035 0.008
P-value .809 0.956
FT4 (ng/dL) r 229 -0.106
P-value .110 0.462
Hb (g/dL) r -0.006 0.177
P-value 0.968 0.218
PLT (x10%/pL) r -0.042 0.001
P-value 0.772 0.997
WBCs (x10%/uL) r -0.251 -0.064
P-value 0.079 0.657
ALT (U/L) r -0.307 -0.047
P-value 0.030* 0.745
AST (U/L) r -0.079 -0.139
P-value 0.584 0.337
Urea (mg/dL) r -.0100 .082
P-value 0.487 572
Creatinine (mg/dL) r -0.280 219
P-value 0.049* 126
Cholesterol (mg/dL) r 0.054 0.008
P-value 0.711 0.957
Triglycerides (mg/dL) r 0.286" 0.059
P-value 0.044* 0.683
Disease duration r -0.121 | memmeeeeeeee




P-value 0402 | e
HBAI1C (%) r -0.046 | e
P-value 0.752
BMI (kg/m?) r 0.106
P-value 0.465

*P-value is significant (highlighted in orange)

HbA ¢, glycated hemoglobin; BMI, body mass index; TSH, thyroid-stimulating hormone; FT4, free

thyroxine; Hb, hemoglobin; PLT, platelet count; WBCs, white blood cells; ALT, alanine aminotransferase;

AST, aspartate aminotransferase; r, correlation coefficient.

Table 5: Sensitivity, specificity, positive predictive value, and negative predictive value of clusterin in prediction of diabetic

nephropathy in children with TIDM

Item Values

Cut off 37.6

P-value <0.001*

AUC 0.916
Sensitivity 80(66.3 - 90.0)
Specificity 90(76.3 -97.2)

positive predictive value (PPV)

90.9(79.6 - 96.2)

negative predictive value (NPV)

78.3(67.2 - 86.4)

T1DM, type | diabetes mellitus; AUC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative

predictive value.

Table 6: ROC performance of clusterin concentration for albuminuria-category comparisons

Comparison Positive n (+/-) AUC (95% p Criterion Sensitivity % Specificity %
group CI) (95% CI) (95% CI)

A2/A3 vs Al A2/A3 50 (20/30) 0.597 (0.435- | 0.243 <52.85 80.0 (56.3- 46.7 (28.3-
0.759) 94.3) 65.7)

A3 vs A1/A2 A3 50 (11/39) 0.531(0.341- | 0.746 >45.95 72.7 (39.0- 46.2 (30.1-
0.722) 94.0) 62.8)

A2 vs Al A2 39 (9/30) 0.696 (0.509- | 0.040 <47.95 77.8 (40.0- 60.0 (40.6-
0.884) 97.2) 71.3)

A3 vs Al A3 41 (11/30) 0.515(0.315- | 0.882 <52.85 72.7 (39.0- 46.7 (28.3-
0.716) 94.0) 65.7)

A3 vs A2 A3 20 (11/9) 0.687 (0.442- | 0.135 >44.55 72.7 (39.0- 66.7 (29.9-
0.932) 94.0) 92.5)
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Figure 1. ROC curve analysis for the role of clusterin in prediction of diabetic nephropathy in children with type 1 Diabetes Mellitus.
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Figure 2. ROC curve of clusterin concentration for albuminuria-category comparisons

A2/A3 vs Al. AUC = 0.597 (95% CI 0.435-0.759), p = 0.243. Positive cases: 20; negative cases: 30. Lower values indicate positive status.
Optimal criterion: clusterin <52.85; sensitivity 80.0% (95% CI 56.3-94.3%); specificity 46.7% (95% CI 28.3-65.7%).

A3 vs A1/A2. AUC = 0.531 (95% CI 0.341-0.722), p = 0.746. Positive cases: 11; negative cases: 39. Higher values indicate positive status.
Optimal criterion: clusterin >45.95; sensitivity 72.7% (95% CI 39.0-94.0%); specificity 46.2% (95% CI 30.1-62.8%).

A2 vs A1l. AUC = 0.696 (95% CI 0.509-0.884), p = 0.040. Positive cases: 9; negative cases: 30. Lower values indicate positive status. Optimal
criterion: clusterin <47.95; sensitivity 77.8% (95% CI 40.0-97.2%); specificity 60.0% (95% CI 40.6-77.3%).

A3 vs Al. AUC = 0.515 (95% CI 0.315-0.716), p = 0.882.

Positive cases: 11; negative cases: 30. Lower values indicate positive status. Optimal criterion: clusterin <52.85; sensitivity 72.7% (95% CI 39.0-
94.0%); specificity 46.7% (95% CI 28.3-65.7%).

A3 vs A2. AUC = 0.687 (95% CI 0.442-0.932), p = 0.135. Positive cases: 11; negative cases: 9. Higher values indicate positive status. Optimal
criterion: clusterin >44.55; sensitivity 72.7% (95% CI 39.0-94.0%); specificity 66.7% (95% CI 29.9-92.5%).
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