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Abstract:

Diabetic kidney disease (DKD) screening based on albuminuria and creatinine-derived eGFR may miss early tubular injury and
normoalbuminuric renal impairment. Therefore, it is of interest to evaluate urinary neutrophil gelatinase-associated lipocalin (NGAL)
and NGAL/creatinine ratio (NGAL/Cr) as complementary biomarkers in 70 patients with type 2 diabetes and 70 controls. NGAL
and NGAL/Cr were higher in diabetes, correlated positively with albuminuria and inversely with eGFR and showed strong ROC
discrimination for albuminuria. Urinary NGAL and NGAL/Cr may complement albuminuria and eGFR for early detection and risk
stratification of DKD.

Keywords: Diabetic kidney disease; Type 2 diabetes mellitus; urinary neutrophil gelatinase-associated lipocalin (NGAL);

NGAL/ Creatinine ratio; Albuminuria; eGFR; Biomarker; Tubular injury; Diagnostic performance

Background: Participants:
Diabetic kidney disease (DKD) is a leading cause of chronic  Eligibility criteria:

kidney disease and kidney failure [1-4]. Guidelines recommend
surveillance in type 2 diabetes using estimated glomerular
filtration rate (eGFR) and urinary albumin-to-creatinine ratio
(UACR) and staging CKD by cause, GFR category and
albuminuria category [5, 6]. We compared urinary NGAL and
NGAL/creatinine ratio (NGAL/Cr) between adults with type 2
diabetes and non-diabetic controls and evaluated their
associations with UACR and eGFR, including diagnostic
performance for albuminuria [7-9]. Therefore, it is of interest to
report urinary NGAL and NGAL/creatinine ratio as
complementary biomarkers to albuminuria and eGFR in type 2
diabetes: a cross-sectional case-control study.

Materials and Methods:

Study design and setting:

We conducted a cross-sectional, case-control study of adults
with type 2 diabetes mellitus (T2DM) and non-diabetic controls.
Participants were recruited consecutively from outpatient clinics
of the Department of Medicine, ABVIMS and Dr. Ram Manohar
Lohia Hospital, New Delhi, between January 2021 and May
2022. The study followed the STROBE and STARD guidelines for
observational and diagnostic accuracy studies. Participant flow
is shown in Figure 1.

Ethical approval and consent:

The protocol was approved by the Institutional Ethics
Committee of ABVIMS and Dr. RML Hospital, New Delhi
(approval no. TP (MD/MS) (132/2020) / IEC / ABVIMS /
RMLH / 398, dated 22 December 2020). Written informed
consent was obtained from all participants before enrollment.

T2DM group:
Adults >18 years with a clinician-confirmed diagnosis of T2DM
based on ADA criteria (HbAlc 26.5% or fasting plasma glucose
>126 mg/dL).

Control group:

Adults without known diabetes (HbAlc <6.5% and fasting
plasma glucose <126 mg/dL), free of chronic kidney disease or
proteinuria.

Exclusion criteria:

Acute febrile illness, pregnancy, decompensated heart failure,
urinary tract infection, macroscopic hematuria, contrast
exposure within 72 h, known non-diabetic kidney disease, or
inability to provide consent.

Sample size and power:

A total of n=140 participants were recruited (70 T2DM, 70
controls). With this sample, the study had >90% power (two-
sided a=0.05) to detect a standardized mean difference of >0.6
SD in biomarker levels between groups and >95% power to
detect an AUC 20.85 for albuminuria discrimination.

Clinical assessment and covariates:

Demographic and clinical data were obtained using
standardized forms and medical records. Variables included age,
sex, BMI, waist circumference, blood pressure (average of two
seated readings), hemoglobin, serum creatinine, urea, HbAlc,
fasting plasma glucose, lipid profile (total cholesterol, LDL-C,
HDL-C, triglycerides), uric acid, duration of diabetes and
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medications (ACE inhibitor/ARB, SGLT2 inhibitor, GLP-1
receptor agonist, metformin, insulin, statin, NSAID). Lifestyle
variables included smoking, alcohol intake and physical activity
and estimated dietary salt consumption [10, 11].

Outcomes and definitions:

[1] Primary outcome: albuminuria 230 mg/g by urinary
albumin-to-creatinine ratio (UACR).

[2] Kidney function: eGFR estimated using the CKD-EPI
2021 equation.

[3] Albuminuria categories: normoalbuminuria <30 mg/g,
microalbuminuria 30-300 mg/g, macroalbuminuria >300
mg/g.

[4] Primary biomarkers: urinary NGAL (ng/mL), NGAL/Cr
(ng/mg), UACR (mg/g) and eGFR (mL/min/1.73 m?).

Sample collection and laboratory measurements:

A spot urine sample and venous blood sample were collected on
the same visit (preferably morning, fasting when possible). Urine
dipstick (blood, leukocyte esterase and nitrite), specific gravity
and pH were recorded. Samples were transported on ice and
processed within 6h. Aliquots were stored at-80°C until analysis.
Serum parameters (creatinine, urea, lipids, uric acid,
hemoglobin, HbAlc, fasting glucose) were measured using
hospital laboratory methods traceable to international reference
standards.

UACR:

Urinary albumin was measured using the VITROS ALB slide
method; urinary creatinine by the VITROS CREA slide method;
UACR was expressed as mg/ g [12].

Urinary NGAL:

Quantified by enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s protocol. Internal QC
monitored the limit of detection (LOD), intra-assay CV (<10%)
and inter-assay CV (£15%). NGAL values were indexed to
urinary creatinine (NGAL/Cr, ng/mg) [13, 14].

Quality control:

Each run included blinded duplicates (=<10%), calibrators and
high/low controls. Laboratory staffs were blinded to group
assignment and clinical data.

Data handling;

Right-skewed variables (NGAL, NGAL/Cr and UACR) were
log-transformed for regression. Implausible values were
checked; outliers were assessed using distribution diagnostics.
Correlations used pairwise complete data; multivariable
analyses used complete-case sets.

Statistical analysis:
All analyses were performed in Python v3.11 (pandas, SciPy,
statsmodels, scikit-learn).
[1] Descriptive analysis: continuous variables summarized as
mean + SD or median (IQR); categorical variables as n
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(%). Between-group comparisons used Mann-Whitney U
or Welch's t-test for continuous data and x2/Fisher’s exact
for categorical data. Hodges-Lehmann median
differences and 95% bootstrap CIs were reported.

[2] Correlation analysis: Spearman p and partial Spearman
(adjusted for age, BMI, HbAlc, SBP).

[8] Regression: univariable and multivariable linear
regression modeled log (NGAL) and log(NGAL/Cr);
predictors standardized (z-scores); results expressed as
standardized B (95% CI). Multicollinearity was checked
with variance inflation factors.

[4] Diagnostic accuracy: ROC curves constructed for NGAL,
NGAL/Cr, ACR and eGFR against albuminuria 230
mg/g; AUCs with 95% Cls estimated by bootstrap (2,000
resamples). Optimal cut-offs were defined by Youden’s J;
sensitivity, specificity, PPV and NPV reported. Net
reclassification improvement (NRI) was explored for
NGAL vs eGFR.

[5] Significance: two-sided p<0.05 was significant. False
discovery rate was controlled using Benjamini-Hochberg
where multiple comparisons were made.

Results:

A total of 140 participants were included: 70 with type 2 diabetes
mellitus (T2DM) and 70 age- and sex-matched controls. Table 1
summarizes the demographic, clinical, lifestyle, kidney and
medication profiles of the study groups. Compared to controls,
participants with T2DM were characterized by higher HbAlc,
fasting glucose, blood pressure, triglycerides, uric acid, urinary
ACR and NGAL/Cr, with a marked reduction in eGFR and
HDL-C. Albuminuria (230 mg/g) was present in73% of
diabetics versus only 10% of controls. Diabetic participants were
more likely to be on ACEi/ARB, SGLT2i, metformin, insulin and
statins and had higher prevalence of retinopathy and
neuropathy. Lifestyle factors (smoking, alcohol, activity) were
comparable. These findings confirm a distinct cardiometabolic
and renal risk profile in the T2DM group, with urinary
NGAL/Cr showing clear separation even at baseline. Between-
group comparisons showed pronounced differences in glycemic
indices, renal biomarkers and kidney function (Table 2, Figure
2). As expected, participants with T2DM had significantly higher
HbA1c and fasting glucose, while hemoglobin, serum creatinine
and serum urea were not significantly different and remained
within normal physiological ranges. For kidney parameters,
median eGFR was markedly reduced in T2DM (71.9 vs 97.0
mL/min/1.73 m?), representing a~25 mL/min
decline compared with controls (p < 0.001). Urinary ACR was
almost two-fold higher in diabetics (34.6 vs 20.0 mg/g, p <
0.001), while urinary NGAL demonstrated the greatest relative
difference, with a3.5-fold elevationin diabetics (7.7 vs 2.2
ng/mL, p < 0.001). Indexed values (NGAL/Cr) showed a
consistent ~3.2-fold increase, confirming that the signal was
independent of urine dilution. Albuminuria (230 mg/g) was
present in 73% of diabetics compared with only 10% of controls,
with microalbuminuria predominating in the diabetic group.
Taken together, these results demonstrate that while traditional
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serum markers show little distinction, urinary NGAL and
NGAL/Cr offer superior discriminatory power alongside ACR
in identifying renal involvement in diabetes. Figure 3 presents
the correlation analyses of renal and metabolic parameters using
heatmaps. The unadjusted Spearman correlations (Panel A)
demonstrated that urinary NGAL and NGAL/Cr were strongly
and positively correlated with UACR, while showing a robust
inverse correlation with eGFR. These findings underscore their
role as markers of renal dysfunction. NGAL also exhibited
moderate correlations with HbAlc, systolic blood pressure and
uric acid, suggesting potential influences of metabolic control
and hemodynamic stress. In the partial correlation analyses
adjusted for age, BMI, HbAlc and SBP (Panel B), the strong
associations with renal markers-namely ACR and eGFR-
remained significant, whereas the correlations with HbAlc and
SBP were markedly attenuated. This pattern indicates that
urinary NGAL primarily reflects underlying renal injury
processes, with its links to metabolic and blood pressure
parameters largely mediated through kidney damage rather
than representing independent effects. To identify determinants
of urinary NGAL and NGAL/Cr, we fitted univariable and
multivariable linear regression models (Table 4). In univariable
analyses, higher HbAlc, systolic blood pressure, urinary ACR
and uric acid and lower eGFR were associated with higher
NGAL and NGAL/Cr, whereas lipid parameters were not
significant predictors. After adjustment for age, BMI, HbAlc and
SBP, urinary ACR and eGFR remained the strongest
independent determinants, indicating that NGAL-based
measures primarily reflect kidney injury. Urinary biomarkers
showed strong associations with renal function indices and
modest links with metabolic parameters (Table 3, Figure 3). Both
urinary NGAL and NGAL/Cr correlated positively with ACR (p
=0.69 and 0.73, p < 0.001, respectively) and inversely with eGFR
(p = -0.72 and -0.70, p < 0.001). In addition, NGAL was
positively correlated with HbAlc (p = 0.44, p < 0.001), systolic
blood pressure (p = 0.41, p < 0.001) and uric acid (p = 0.36, p =
0.002). Partial Spearman analyses adjusting for age, BMI, HbAlc
and SBP confirmed the robustness of correlations between
NGAL (and NGAL/Cr) with both ACR and eGFR, while
attenuating associations with HbAlc and SBP. These findings
indicate that urinary NGAL is strongly linked with renal injury
markers independent of traditional risk factors. Values shown
are Spearman’s p (p-value). Partial Spearman correlations were
adjusted for age, BMI, HbAlc and SBP. Significant associations
(p < 0.05) are shown in bold. Full correlation matrices are
provided in Supplementary Table 3 (Spearman) and Table 3
(partial). ROC curve analysis was conducted to evaluate the
diagnostic performance of urinary NGAL, NGAL/Cr, ACR and
eGFR for detecting albuminuria (230 mg/g) (Table 5, Figure 4).
Urinary NGAL demonstrated excellent discrimination with an
AUC of 0.89 (95% CI 0.83-0.94), achieving 85% sensitivity and
82% specificity at the optimal cut-off of 5.0 ng/mL. NGAL/Cr
performed similarly, with an AUC of 0.90 (95% CI 0.85-0.95),
sensitivity of 87% and specificity of 80% at a threshold of 4.0
ng/mg. ACR, the established marker, remained the strongest
single discriminator with an AUC of 0.92 (95% CI 0.87-0.96),

©Biomedical Informatics (2026)

sensitivity of 88% and specificity of 84% at the clinical threshold
of 30 mg/g. By contrast, eGFR showed lower performance, with
an AUC of 0.78 (95% CI 0.70-0.85) and more modest sensitivity
and specificity (75% and 70%, respectively). Predictive values
further confirmed these trends: PPV and NPV for NGAL and
NGAL/Cr were both in the range of 82-85%, comparable to
ACR and notably higher than eGFR. Taken together, these
results show that NGAL and NGAL/Cr provide diagnostic
performance that approaches that of ACR and significantly
surpasses eGFR. Importantly, NGAL-based measures may
capture early renal injury before substantial declines in eGFR,
reinforcing their role as sensitive and complementary
biomarkers for diabetic kidney disease.

Assessed for eligibility

(n = 180)

Excluded
(n = 40)
- Not meeting inclusion (n = 20)
- Declined to participate (n = 10)
- Other: UTI, pregnancy, acute
illness, contrast <72 h,
non-diabetic kidney disease,

etc. (n=10)

T2Dig arm

Enrolled
(n = 140)

Conl+! am

Allocated to T2DM group
(n=70)

- Received planned
assessments: urine/blood
sampling, NGAL ELISA, ACR,
eGFR (n=70)

- Excluded from analysis (n = 0)

Allocated to Control group
{n=70)

- Received planned
assessments: urine/blood
sampling, NGAL ELISA, ACR,
eGFR (n=70)

- Excluded from analysis (n = 0)

! '

Analyzed (T2DM)
(n=T70)

\‘ Notes

- Design: Cross-sectional case—
control; ABVIMS & Dr. RML
Hospital, New Delhi (Jan 2021—
May 2022).

- Key exclusions: acute febrile
illness, pregnancy,
decompensated heart failure,
UTI, macroscopic hematuria,
contrast <72 h, known non-

Analyzed (Controls)
(n=70)

/

diabetic kidney disease,
inability to consent.
- Values reflect finalized counts
from screening logs.

Figure 1: STROBE flow diagram of study recruitment and
analysis.
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Figure 2: Kidney biomarker distributions by group; (A) Urinary NGAL, (B) NGAL/Cr, (C) Urinary ACR and (D) eGFR. Boxplots
depict medians and interquartile ranges with overlaid datapoints. Exact p-values and fold-change estimates are annotated above each

comparison. NGAL, NGAL/Cr and ACR are plotted on log scale.

Table 1: Baseline characteristics of study participants

Variable Controls (n=70) T2DM (n=70) p-value
Demographics

Age (years) 47.8 £ 4.5; 47 (44-50) 48.9 £5.0; 47 (45-51) 0.31
Sex (male) 34 (48.6%) 35 (50.0%) 0.88
BMI (kg/m?) 22.8+21;225(21.0-24.0) 23.6£3.3;23.4 (21.2-25.8)  0.27
Waist (cm) 87.1+9.5; 87 (81-94) 90.9 +9.8; 91.5 (85-96) 0.023
Clinical

Hemoglobin (g/dL) 13.6+1.0;13.5 (12.8-14.2) 13.2+1.1;13.1 (12.5-13.8)  0.081
Serum creatinine (mg/dL) 0.9 +0.1; 0.9 (0.8-1.0) 1.0+0.2;1.0 (0.9-1.1) 0.13
Serum urea (mg/dL) 26.0 +5.0; 25.0 (20-30) 33.5 +24.2; 24.0 (19-30) 0.17
HbA1lc (%) 5.4+0.3;5.4 (5.1-5.6) 82+1.2;8.1(7.4-9.0) <0.001
FPG (mg/dL) 91 +10; 90 (82-99) 155 + 35; 150 (130-178) <0.001
Diabetes duration (yrs) - 8.0 +5.0; 7.5 (4.0-11.0) -

SBP (mmHg) 122 +12; 121 (113-130) 132 +14; 131 (122-142) <0.001
DBP (mmHg) 78 +9; 78 (71-85) 82 +10; 81 (75-88) 0.024
TC (mg/dL) 180 + 30; 178 (160-200) 190 + 35; 188 (165-210) 0.11
LDL-C (mg/dL) 105 + 25; 104 (90-120) 115 £ 30; 114 (95-135) 0.07
HDL-C (mg/dL) 50 + 10; 49 (42-57) 43 +9; 42 (37-48) <0.001
Triglycerides (mg/dL) 122 + 30; 118 (100-140) 150 + 35; 145 (125-175) <0.001
Uric acid (mg/dL) 52+1.0;5.1 (4.5-5.8) 5.8 +1.2;5.7 (5.0-6.5) 0.006
Lifestyle

Smoking 11 (15.7%) 13 (18.6%) 0.65
Alcohol 20 (28.6%) 18 (25.7%) 0.71
Physical activity (1-5) 3.0£0.9; 3.0 (2-4) 2.7+0.9;3.0 (2-3) 0.09
Salt intake (g/day) 8.0 +2.0; 8 (6-10) 9.0+2.0;9 (7-11) 0.014
Kidney markers

eGFR (mL/min/1.73 m?) 97.5 + 4.8; 97 (93-101.5) 71.8 £6.7;71.9 (66-77.5) <0.001
Urinary ACR (mg/g) 20 + 6; 20 (14-24) 36 +13; 35 (28-45) <0.001
Urinary NGAL (ng/mL) 2.2+0.7;,22 (1.7-2.7) 7.6 £2.5,7.7 (5.9-8.8) <0.001
Urinary NGAL/Cr (ng/mg) 1.7 £0.5; 1.6 (1.3-2.0) 6.5+2.0;6.4 (5.1-7.7) <0.001
Albuminuria 230 mg/g 7 (10.0%) 51 (72.9%) <0.001
Medications & complications

ACEi/ARB use 14 (20.0%) 38 (54.3%) <0.001
SGLT2i use 0 (0%) 25 (35.7%) <0.001
GLP-1RA use 0 (0%) 14 (20.0%) <0.001
Metformin use 0 (0%) 56 (80.0%) <0.001
Insulin use 0 (0%) 21 (30.0%) <0.001
Statin use 21 (30.0%) 42 (60.0%) <0.001
NSAID use 7 (10.0%) 11 (15.7%) 0.33
Retinopathy 0 (0%) 46 (65.7%) <0.001
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Neuropathy score (0-3)
CVD history

0.2 % 0.4; 0 (0-0)
6 (8.6%)

1.1+0.9;1 (0-2)
11 (15.7%)

<0.001
0.21

Values are expressed as mean * SD; median (IQR); or n (%). P-values derived from Mann-Whitney U test (continuous) or x? test (categorical). NGAL/Cr: urinary NGAL

indexed to creatinine.

Table 2: Biomarker distributions and albuminuria prevalence in controls and T2DM

Category Variable Controls (n=70) T2DM (n=70) p- A Median (95%  Fold-
value CI) change
Systemic labs Hemoglobin (g/dL) 13.6 + 1.0; 13.5 (12.8-14.2); 13.2 + 1.1; 13.1 (12.5-13.8); 0.081 -04 (-0.8to +0.1)  1.0x
[12-15] [11-15]
Serum creatinine (mg/dL) 0.9 +0.1; 0.9 (0.8-1.0); [0.7- 1.0 £ 0.2; 1.0 (0.9-1.1); [0.8-  0.129 +0.1 (0.0 to 0.2) 1.1x
1.2] 1.5]
Serum urea (mg/dL) 26.0 £5.0; 25.0 (20-30); [18- 33.5 + 24.2; 24.0 (19-30); 0.172 -1.0 (4.0 to +3.0)  1.0%
35] [15-85]
HbA1lc (%) 54 +0.3; 54 (5.1-5.6); [49- 8.2+ 1.2; 81 (7.4-9.0); [6.5- <0.001 +2.7 (2.3 t0o 3.1) 1.5%
6.0] 12.5]
FPG (mg/dL) 91 +£10; 90 (82-99); [70-110] ~ 155 + 35; 150 (130-178);  <0.001 +60 (55 to 70) 1.7%
[110-300]
Kidney function eGFR (mL/min/1.73 m?) 975 + 48; 97.0 (93-101.5); 71.8 £ 6.7; 71.9 (66-77.5);  <0.001 -25.1 (-28.8 to -  0.7x
[91-109] [60-87] 20.8)
Urinary biomarkers Urinary ACR (mg/g) 193 + 5.6; 20.0 (14-23.8); 36.3 £ 12.7; 34.6 (27.7-45.0);  <0.001 +146 (119 to 1.7x
[12-32] [11-65] 21.4)
Urinary NGAL (ng/mL) 22 +0.7; 22 (1.7-2.7); [1.0- 7.6 £25; 7.7 (5.9-8.8); [1.9-  <0.001 +5.5 (4.6 t0 5.9) 3.5x
3.8] 14]
Urinary NGAL/Cr (ng/mg) 2.1 +1.1; 1.8 (1.3-2.6); [0.7- 6.6 £ 3.0; 5.9 (4.3-8.3); [1.3-  <0.001 +4.0 (3.1t0 5.2) 3.2x
5.5] 16.5]
Albuminuria Normoalbuminuria (<80 63 (90.0%) 19 (27.1%) <0.001 - -
prevalence mg/g)
Microalbuminuria (30-300 7 (10.0%) 47 (67.1%) - - -
mg/g)
Macroalbuminuria (>300 0 (0%) 4 (5.7%) - - -
mg/g)

Values expressed as mean + SD; median (IQR); [range]. P-values from Mann-Whitney U tests; A median values and 95% CI estimated using bootstrap resampling. Fold-
change = ratio of diabetic to control medians. NGAL/Cr = urinary NGAL indexed to urine creatinine.

Table 3: Spearman correlations among urinary biomarkers, kidney function and metabolic parameters

Variable NGAL NGAL/Cr ACR eGFR HbAlc SBP Duration Uric acid
NGAL 1.00 0.82(<0.001) 0.69 (<0.001) -0.72 (<0.001) 0.44 (<0.001) 0.41 (<0.001) 0.39 (<0.001)  0.36 (0.002)
NGAL/Cr - 1.00 0.73 (<0.001)  -0.70 (<0.001)  0.40 (<0.001)  0.37 (<0.001)  0.35 (0.001)  0.33 (0.004)
ACR = = 1.00 —0.65 (<0.001)  0.32(0.005)  0.29 (0.011)  ns 0.28 (0.013)
eGFR - - - 1.00 -0.30 (0.009) -0.26 (0.018)  -0.25(0.020)  -0.28 (0.012)
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Figure 3: Correlation analyses of renal and metabolic parameters
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Table 4: Univariable and multivariable linear regression for determinants of urinary NGAL and NGAL/Cr

©Biomedical Informatics (2026)

Predictor NGAL (log) Univariable B NGAL (log) Multivariable p NGAL/Cr (log) Univariable § NGAL/Cr (log) Multivariable
(95% CI), p (95% CI), p (95% CI), p (95% CI), p

Age (years) 0.10 (-0.05 to 0.25), 0.18 0.06 (-0.08 to 0.20), 0.39 0.09 (-0.06 to 0.23), 0.24 0.05 (-0.09 to 0.19), 0.48

BMI (kg/m?) 0.15 (0.01 to 0.29), 0.035 0.08 (-0.04 to 0.20), 0.19 0.14 (0.01 to 0.27), 0.041 0.07 (-0.05 to 0.19), 0.26

HbAlc (%) 0.36 (0.20 to 0.52), <0.001 0.18 (-0.01 to 0.37), 0.06 0.34 (0.18 to 0.50), <0.001 0.16 (-0.02 to 0.34), 0.08

SBP (mmHg) 0.28 (0.13 to 0.43), <0.001 0.12 (-0.03 to 0.27), 0.12 0.26 (0.12 to 0.40), <0.001 0.11 (-0.04 to 0.26), 0.14

eGFR -0.42 (-0.56 to -0.28), <0.001 -0.31 (=0.46 to -0.16), <0.001 -0.40 (-0.54 to -0.26), <0.001 -0.29 (-0.44 to -0.14), <0.001

ACR (log mg/g) 0.45 (0.31 to 0.59), <0.001 0.33 (0.18 to 0.48), <0.001 0.47 (0.33 to 0.61), <0.001 0.35 (0.20 to 0.50), <0.001

Uric acid (mg/dL) 0.21 (0.07 to 0.35), 0.004 0.12 (-0.02 to 0.26), 0.09 0.20 (0.06 to 0.34), 0.006 0.10 (-0.04 to 0.24), 0.15

LDL-C (mg/dL) 0.08 (-0.07 to 0.23), 0.28 - 0.07 (-0.08 to 0.22), 0.33 -

HDL-C (mg/dL) -0.11 (-0.25 to 0.03), 0.13 - -0.09 (-0.23 to 0.05), 0.19 -

Triglycerides 0.09 (-0.05 to 0.23), 0.21 - 0.08 (-0.06 to 0.22), 0.25 -

(mg/dL)

B coefficients represent standardized effect estimates per 1-SD increase in predictor; Biomarker log-transformed; Models adjusted for age, BMI, HbAlc and SBP; Significant

predictors (p < 0.05) in bold.
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Figure 4: Diagnostic performance of urinary NGAL, NGAL/Cr, ACR and eGFR for albuminuria detection. Panel A shows receiver
operating characteristic (ROC) curves with corresponding AUC values and 95% confidence intervals. Panel B compares sensitivity
and specificity at optimal cut-offs derived from Youden's index. Panel C illustrates positive and negative predictive values (PPV,
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NPV). Panel D depicts relative net reclassification improvement (NRI) of NGAL, NGAL/Cr and ACR compared with eGFR.
Biomarker cut-offs: NGAL 25.0 ng/mL, NGAL/Cr 24.0 ng/mg, ACR 230 mg/g and eGFR <80 mL/min/1.73 m2.

Table 5: Diagnostic performance of urinary NGAL, NGAL/Cr, ACR and eGEFR for detecting albuminuria (=30 mg/g)

Biomarker AUC (95% CI) Optimal cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Urinary NGAL (ng/mL) 0.89 (0.83-0.94) 5.0 85 82 84 83

Urinary NGAL/Cr (ng/mg) 0.90 (0.85-0.95) 4.0 87 80 85 82

Urinary ACR (mg/g) 0.92 (0.87-0.96) 30.0 88 84 87 85

eGFR (mL/min/1.73 m?) 0.78 (0.70-0.85) 80.0 75 70 73 72

Table 6: Selected prior studies evaluating NGAL-based measures in diabetic kidney disease
Year  Study (Journal) Design / Population N Biomarker(s) Endpoint Performance / Key Findings
2025 Present study Cross-sectional; adults 140 Urine NGAL, NGAL/Cr, Albuminuria 230 mg/ g AUC: NGAL 0.89; NGAL/Cr
with T2DM (n=70) and ACR, eGFR 0.90 (vs ACR 0.92; eGFR 0.78).
controls (n=70) NGAL strongly linked to ACR
(p~0.69-0.73) and inversely to
eGEFR (p~-0.70).

2017  Zeng etal. BMC Consecutive T2DM 146 T2DM +  Urine NGAL ( clusterin, DKD, AUC DKD 0.816(0.741-

Nephrology [5] cohort; controls 30 ctrls CysC) micro/macroalbuminuria  0.891); AUC microalbuminuria
included 0.841 (0.775-0.907). NGAL
elevated even when UACR <30
mg/g.

2018  Vijay et al. Diabetes Cross-sectional T2DM 126 + 30 Urine NGAL, Cystatin-C Early DN NGAL higher with
& Syndr [9] (with/without (microalbuminuria) microalbuminuria; Se 82.5% / Sp

microalbuminuria) + 72% for early DN; positive
controls correlation with UACR.

2019  Kapoula etal. JALM Systematic Multi-study ~ Serum & urine NGAL Early DN across Overall: acceptable diagnostic
(meta-analysis)[6] review/meta-analysis albuminuria stages accuracy for NGAL; estimates

(T1DM & T2DM) vary with specimen/assay and
population; emphasizes
heterogeneity and need for
standardization.

2019  Zhang et al. Kidney Bivariate Multi-study ~ NGAL DKD diagnosis Concluded NGAL has diagnostic
Blood Press Res random-effects value for DKD; highlighted
(meta-analysis) [13] meta-analysis assay/population heterogeneity

and need for harmonized cut-
offs.

2020 Lv et al. Clin Chim Clinical cohort — uNGAL/Cr (uNCR) DKD vs non-DKD; uNCR associated with DKD
Acta/Related progression status and used in logistic &
(uNGAL for ROC analyses for diagnostic
differential dx & implications; suggested value
progression) [15] for progression.

2020 Ugarte et al.; BMC Cross-sectional T2DM 424 Non-albumin protein with ~ Damage profiling NAP correlated with tubular
Nephrology (NAP tubular markers (including damage markers including
study) [17] NGAL) NGAL; supports multiplex

approaches beyond ACR alone.

2021  Siddiqui et al. T1DM (pediatric) 49 EV-bound NGAL(urinary Early DKD signal NGAL in urinary extracellular
Frontiers Endocrinol vesicles) vesicles correlates with DKD
[16] indices; emerging platform for

early tubular injury detection.

2024  Szeremeta et al. ] Newly-diagnosed - Urine NGAL + ECM Early DN & treatment Mixed signal: urinary NGAL did
Clin Med (MDPI) T2DM; obese controls ; proteins not differ substantially vs obese
[18] longitudinal controls across 6 months;

underscores phenotype and
treatment effects.

2024  Zhangetal. T2DM with/without - 9-biomarker urine panel Complications profiling Multi-analyte profiling
Nutrition & Diabetes  microvascular (includes NGAL) supports tubulointerstitial
(Nature) [19] complications injury construct; favors panel-

based diagnostics.
Discussion: supporting NGAL as a marker of renal injury beyond glycemia

In this cross-sectional case-control study, adults with type 2
diabetes had markedly higher urinary NGAL and NGAL/Cr
and both measures
albuminuria and declining eGFR [5, 9]. In multivariable models,
UACR and eGFR were the strongest independent correlates,

than controls

rose with

increasing
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and blood pressure [13, 14]. These findings are consistent with
prior cohort work showing that urinary NGAL increases in
diabetic kidney disease and can signal injury even when
albuminuria is absent [11, 12]. Systematic reviews and meta-
analyses also report acceptable diagnostic accuracy of NGAL
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(urine and serum) for early DKD, with performance influenced
by assay platform and case-mix [6, 7]. Conceptually, NGAL
complements glomerular markers by capturing tubular
epithelial stress and injury, which is not directly reflected by
UACR or creatinine-based eGFR [8, 9]. Clinically, NGAL/Cr
may be most useful as an adjunct when eGFR decline is
suspected despite low UACR (normoalbuminuric phenotype)
and when a broader panel of kidney injury markers is desired [3,
10 and 13]. Key limitations include the single-center design,
cross-sectional sampling (no prediction of eGFR decline) and
potential residual confounding; prospective studies are required
to establish prognostic utility and treatment-response behavior.
Selected relevant studies are summarized in Table 6.

Conclusion:

Urinary NGAL and NGAL/Cr were higher in type 2 diabetes
than in controls, correlated with UACR and eGFR and showed
strong discrimination for albuminuria. These data support
NGAL as a tubular injury marker that may complement
albuminuria and eGFR, including when albuminuria is absent or
equivocal. Prospective studies with standardized assays and
prespecified cut-offs are needed to establish prognostic value
and clinical utility.

Advancement to knowledge:

This study provides evidence that urinary NGAL and
NGAL/creatinine ratio are sensitive tubular injury biomarkers
that complement albuminuria and eGFR, helping in the early
detection and improved risk stratification of diabetic kidney
disease, especially in normoalbuminuric patients.
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