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Serum dipeptidyl peptidase-4 as an adjunctive biomarker in diabetic kidney disease: A multicentre case-control study from Iraq
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Abstract
Objective: Conventional renal indices for diabetic kidney disease (DKD) have limitations. This study compared serum dipeptidyl peptidase-4 (DPP-4) levels among Iraqi adults with type 2 diabetes mellitus (T2DM) with DKD, T2DM without DKD, and healthy controls, and evaluated its association with DKD.
Methods: This multicentre case-control study (November 2025 - April 2026) enrolled 171 participants: T2DM with DKD (n=51), T2DM without DKD (n=60), and healthy controls (n=60). DKD was classified using KDIGO 2024 criteria (eGFR by CKD-EPI 2021, UACR). Serum DPP-4 was quantified by ELISA. Logistic regression and ROC analysis were performed.
Results: Serum DPP-4 showed stepwise elevation (controls 203.6±44.4, T2DM 502.6±93.1, DKD 587.2±97.6 ng/mL; all P<0.001). DPP-4 correlated with creatinine (ρ=+0.374), eGFR (ρ=−0.405), CKD stage (ρ=+0.437), and albuminuria (ρ=+0.429). Per 100 ng/mL increase, DPP-4 was independently associated with DKD (aOR 3.00, 95% CI 1.00–8.03; P=0.044), alongside hypertension and diabetes duration. ROC-AUC was 0.779 (cutoff >554 ng/mL; sensitivity 80%, specificity 75%). SGLT-2 inhibitor association with DPP-4 was attenuated after adjustment (P=0.089).
Conclusion: Serum DPP-4 was independently associated with DKD and showed modest discriminative ability. It may serve as an adjunctive biomarker in Iraqi patients but should not replace standard indices.
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Plain English Summary
Diabetes is very common in Iraq, affecting about 13% of adults. Over time, high blood sugar can damage the kidneys – a condition called diabetic kidney disease (DKD). Doctors usually diagnose DKD by measuring a protein called albumin in urine or by estimating kidney function from blood creatinine levels. However, these tests have limitations: they may not detect kidney damage early, and they can be affected by muscle mass, diet, or other factors.
In this study, we asked whether a blood protein called dipeptidyl peptidase-4 (DPP-4) might help identify DKD. We measured DPP-4 levels in 171 Iraqi adults: healthy individuals, people with diabetes but healthy kidneys, and people with diabetes and DKD. We found that DPP-4 levels were lowest in healthy people, higher in diabetics without kidney problems, and highest in those with DKD. A DPP-4 level above 554 ng/mL correctly identified DKD in 80 out of 100 patients (sensitivity 80%) and correctly ruled it out in 75 out of 100 (specificity 75%). DPP-4 levels also correlated well with standard kidney tests.
We also looked at diabetes medications. Contrary to what some might expect, DPP-4 inhibitor drugs (like sitagliptin) did not lower DPP-4 protein levels because our test measures the protein amount, not its activity. SGLT-2 inhibitors (like dapagliflozin) appeared linked to higher DPP-4, but this was likely because patients with worse kidney function receive these drugs, not because the drugs directly raise DPP-4.
Our findings suggest that measuring blood DPP-4 could be a helpful additional test for kidney risk assessment in Iraqi diabetes clinics, especially where urine albumin testing is less available. However, it should not replace current standard tests, and more research is needed before routine use.
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Introduction
Type 2 diabetes mellitus (T2DM) has emerged as one of the most pressing public health challenges of the early twenty-first century. According to the International Diabetes Federation (IDF) Diabetes Atlas 11th edition (2025), Iraq had an estimated 2.67 million adults aged 20–79 years living with diabetes in 2024, corresponding to an age‑standardised adult diabetes prevalence of 13.4% (1). Approximately 30–40% of patients with T2DM eventually develop diabetic kidney disease (DKD), which remains a leading cause of end‑stage kidney disease worldwide and a major driver of cardiovascular morbidity, healthcare expenditure, and premature mortality (2, 3).
The Kidney Disease: Improving Global Outcomes (KDIGO) 2024 guideline emphasises the dual importance of estimated glomerular filtration rate (eGFR) and albuminuria for diagnosis, staging, and prognosis of chronic kidney disease (CKD) complicating diabetes (3, 4). In current clinical practice, the cornerstone biomarkers of DKD remain creatinine‑derived eGFR and the urinary albumin‑to‑creatinine ratio (UACR). Both have well-characterised limitations: creatinine is influenced by muscle mass, diet, and tubular secretion, and may remain within reference limits until substantial nephron loss has occurred; even the race‑free 2021 CKD‑EPI equation, although a clear methodological advance, retains body‑composition assumptions (5). Microalbuminuria, while predictive at the population level, is a relatively late event with substantial intra‑individual variability and is preceded in many patients by tubulointerstitial injury, oxidative stress, and inflammation. These limitations have motivated a search for biomarkers that capture earlier or mechanistically distinct facets of diabetic kidney injury.
Dipeptidyl peptidase‑4 (DPP‑4; also known as CD26) is a multifunctional serine exopeptidase that exists as a membrane‑anchored form and as an enzymatically active soluble form (sDPP‑4) shed into plasma by matrix‑metalloproteinase‑mediated cleavage. The kidney is one of the highest‑expressing organs for DPP‑4, with abundant expression on the proximal tubular brush border and, under pathological conditions, on glomerular podocytes and endothelial cells (6, 7). Beyond its canonical role as the principal inactivator of incretin hormones, DPP‑4 interacts with integrin‑β1, fibronectin, and adenosine deaminase, modulates transforming growth factor‑β (TGF‑β)/Smad signalling, and contributes to epithelial‑to‑mesenchymal transition and fibroblast activation – mechanisms central to diabetic kidney fibrosis (6, 8). Soluble DPP‑4 has been described as a marker of insulin resistance and metabolic dysregulation and correlates with renal function in patients with T2DM. In a Korean retrospective study, Cho and Kim demonstrated that serum sDPP‑4 levels in patients with T2DM correlated inversely with eGFR and proposed sDPP‑4 as a candidate biomarker of declining renal function in diabetes (9). Sarkar et al. showed in an Indian cohort that plasma DPP‑4 levels and activity were elevated in T2DM compared with controls and were obesity‑independent markers of glycaemic deregulation (10).
Iraqi‑specific data on DPP‑4 in DKD are scarce. Existing Iraqi work has explored markers such as kidney‑injury molecule‑1, nephrin, neutrophil gelatinase‑associated lipocalin (NGAL), IL‑18, irisin, IL‑8, ACE‑2, connective‑tissue growth factor, and endostatin in T2DM and DKD (11, 12, 13, 14, 15, 16), but circulating DPP‑4 has not been examined in an Iraqi case‑control framework using contemporary KDIGO criteria. Against this background, the present study was designed to: (i) compare serum DPP‑4 between Iraqi adults with T2DM and DKD, T2DM without DKD, and apparently healthy controls; (ii) examine correlations of DPP‑4 with conventional renal indices and metabolic parameters; (iii) assess its independent association with DKD after multivariable adjustment; (iv) evaluate its discriminative performance using receiver operating characteristic (ROC) analysis; (v) explore associations with major antidiabetic medication classes; and (vi) interpret these findings within the context of contemporary mechanistic and Iraqi clinical literature.

Materials and Methods
Study design and setting
This multicentre, observational, case‑control study was conducted between November 2025 and April 2026 . Participants were recruited from nine centres covering three Iraqi health directorates: Karbala Health Directorate (Al‑Hasan Teaching Hospital, Alkafeel Super Speciality Hospital, and Al‑Saigh Centre for Nephrology and Dialysis) / Kerbala, Iraq; Baghdad Al‑Rusafa Health Directorate (Al‑Zaafaraniya General Hospital and the Endocrinology and Diabetes Centre); Baghdad Al‑Karkh Health Directorate (Al‑Karama Hospital); and Medical City Health Directorate, Baghdad (Baghdad Teaching Hospital, Ghazi Al‑Hariri Hospital for Surgical Specialities, and Children's Hospital).

Participants
Three groups were studied: (i) adults with T2DM and DKD (DM‑DKD), (ii) adults with T2DM without DKD (DM), and (iii) apparently healthy controls. T2DM was diagnosed according to the American Diabetes Association Standards of Care 2024 criteria (17). DKD was classified using the KDIGO 2024 framework: a persistent (≥3 months) eGFR <60 mL/min/1.73 m² and/or UACR ≥30 mg/g (3, 4). Patients with T2DM, eGFR ≥60 mL/min/1.73 m², and UACR <30 mg/g were without DKD. eGFR was estimated using the race‑free 2021 CKD‑EPI creatinine equation (5):
*eGFR = 142 × min (SCr/κ,1)^α × max (SCr/κ,1)^(−1.200) × 0.9938^Age × (1.012 if female)*
where κ = 0.7 (female) or 0.9 (male) and α = −0.241 (female) or −0.302 (male). Albuminuria was categorised into A1 (<30 mg/g), A2 (30–299 mg/g), and A3 (≥300 mg/g).
Exclusion criteria comprised non‑diabetic kidney disease (lupus nephritis, vasculitis, primary glomerulonephritis), acute kidney injury within three months, active infection or inflammatory disease, active malignancy, severe chronic liver disease, type 1 or gestational diabetes, pregnancy or lactation, recent major surgery, myocardial infarction or stroke (≤3 months), organ transplantation or chronic high‑dose immunosuppression, current haemodialysis, and end‑stage renal disease attributed primarily to hypertension.
Healthy controls had fasting blood glucose <110 mg/dL, glycated haemoglobin (HbA1c) <5.7%, no personal or family history of DKD, age ≥35 years, and were free of overt inflammation or infection; they were matched to patients by age, sex, and geography.

Sample size and participant flow
The intended sample was 60 participants per group (180 total). All 180 participants were enrolled and provided samples. During ELISA processing and deep‑freeze storage, nine DM‑DKD aliquots were lost owing to tube breakage and freeze–thaw degradation; the final analytic sample for the DM‑DKD group was therefore N=51, while the DM (N=60) and control (N=60) groups were retained. The total analysed sample was 171. Demographic characteristics of the remaining DM‑DKD sample were compared with those of the originally enrolled patients (using available baseline data) and found to be similar (Table 1). Thus, no systematic bias was introduced by the sample loss.

Sample collection and biochemical investigations
Venous blood (5 mL) was drawn under sterile conditions after an overnight fast. Three millilitres were dispensed into a gel separator tube, allowed to clot for 10 minutes at room temperature, and centrifuged at 3,000 rpm for 10 minutes; serum was aliquoted into Eppendorf tubes and stored at −80 °C. Spot urine was obtained for UACR.
Routine biochemistry was performed on Roche Cobas analysers (Roche Diagnostics, Mannheim, Germany): fasting blood glucose by hexokinase method (Cobas c311); HbA1c by tetradecyltrimethylammonium‑bromide haemolysis with immune‑turbidimetric detection (Cobas Integra 400 plus); serum creatinine by alkaline picrate (Jaffe) method (18); blood urea by urease/Berthelot reaction (18); and lipid profile (total cholesterol, HDL‑C, triglycerides) by enzymatic colorimetric methods, with LDL‑C and VLDL‑C calculated by the Friedewald equation (19). Insulin was assayed by electrochemiluminescence on the Cobas e411 analyser; HOMA‑IR was calculated as (fasting insulin µU/mL × fasting glucose mg/dL)/405 (20). Urinary albumin was measured by immunofluorescence on the Getein 1160 platform with the GP mAlb Fast Test Kit (Getein Biotech, Nanjing, China), and urinary creatinine on the Bioelab AS‑280 analyser (Bioelab, China). Complete blood count, when required, was performed on a Sysmex XN‑350 (Sysmex, Kobe, Japan).

DPP‑4 ELISA assay
Serum DPP‑4 (standard range 5–1000 ng/mL; sensitivity 2.67 ng/mL) was quantified using a sandwich ELISA kit (BT Lab, Shanghai, China) that measures total DPP‑4 protein, not enzymatic activity. Following the manufacturer's protocol, 50 µL of standard or 40 µL of sample plus 10 µL biotinylated antibody were added per well, followed by 50 µL streptavidin–HRP, with incubation for 60 minutes at 37 °C. Plates were washed five times, substrates A and B were added, and the reaction was developed for 10 minutes at 37 °C in the dark. After the addition of the stop solution, optical density was read at 450 nm on a microplate reader. Concentrations were derived from a four‑parameter logistic standard curve. Intra‑assay and inter‑assay coefficients of variation were <8% and <10%, respectively.

Statistical analysis
Statistical analyses were performed in IBM SPSS Statistics version 27 and GraphPad Prism version 10. Distribution normality was assessed by the Shapiro–Wilk test. Normally distributed continuous variables are presented as mean ± standard deviation (SD) and compared by one‑way analysis of variance (ANOVA) with Tukey HSD post hoc tests. Non‑normally distributed continuous variables are presented as median (interquartile range, IQR) and compared by the Kruskal–Wallis test with Dunn's post hoc test. Categorical variables are presented as n (%) and compared by χ² or Fisher's exact tests. Bivariate associations were examined by Spearman's rank correlation, given that several variables were ordinal (CKD stage, albuminuria category) or non‑normal. Multivariable binary logistic regression was used to identify factors independently associated with DKD; candidate variables (DPP‑4, age, sex, BMI, hypertension, HbA1c, diabetes duration, antidiabetic medication classes) were entered simultaneously. Because the number of DKD events (51) is modest relative to the number of predictors, the regression should be interpreted as exploratory and hypothesis‑generating. ROC curve analysis with the Youden J statistic identified the optimal cutoff and reported sensitivity and specificity. A two‑tailed P‑value <0.05 was deemed statistically significant.

Results
Demographic and clinical characteristics
The three groups were well matched in age, sex, and BMI (Table 1). Mean age was 56.8 ± 12.4 years in DM‑DKD, 53.4 ± 11.6 in DM, and 52.4 ± 13.8 in controls (P = 0.169). Male predominance was modest and similar across groups (DM‑DKD: 57%, DM: 47%, controls: 50%; P = 0.556). BMI ranged from 26.7 to 28.1 kg/m² across groups (P = 0.095). The absence of demographic differences supports the comparability of groups for biomarker analyses.


Table 1: Demographic and clinical characteristics of study participants
	Variable
	DM-DKD (N=51)
	DM (N=60)
	Control (N=60)
	P value

	Age (years)
	56.8 ± 12.4
	53.4 ± 11.6
	52.4 ± 13.8
	0.169

	BMI (kg/m²)
	26.9 ± 4.49
	28.1 ± 3.22
	26.7 ± 3.59
	0.095

	Male, n (%)
	29 (57)
	28 (47)
	30 (50)
	0.556

	Female, n (%)
	22 (43)
	32 (53)
	30 (50)
	—


Continuous variables are mean ± SD; categorical as n (%). ANOVA for continuous, χ² for categorical. BMI: body mass index; DM-DKD: diabetic kidney disease group


Serum DPP‑4 concentrations across groups
Serum DPP‑4 concentrations were highest in DM‑DKD (587.2 ± 97.6 ng/mL), intermediate in DM without DKD (502.6 ± 93.1 ng/mL), and lowest in controls (203.6 ± 44.4 ng/mL). Post hoc multiple comparisons showed that DPP‑4 levels were significantly higher in DM‑DKD compared with DM without DKD (mean difference = 84.60 ng/mL, 95% CI: 41.32–127.89, P<0.001), and markedly higher in DM‑DKD compared with controls (mean difference = 383.61 ng/mL, 95% CI: 348.09–419.14, P<0.001). In addition, DM without DKD also showed significantly higher DPP‑4 levels than controls (mean difference = 299.01 ng/mL, 95% CI: 267.24–330.79, P<0.001). This graded, stepwise separation across all three groups represents the principal between‑group finding (Table 2, Figure 1).


Table 2: Pairwise comparisons of serum DPP‑4 concentrations
	Comparison
	Mean difference (ng/mL)
	95% CI lower
	95% CI upper
	P value

	DM-DKD vs. DM
	84.6
	41.32
	127.89
	<0.001

	DM-DKD vs. Control
	383.61
	348.09
	419.14
	<0.001

	DM vs. Control
	299.01
	267.24
	330.79
	<0.001


Tukey HSD post hoc test. DPP-4: dipeptidyl peptidase-4; DKD: diabetic kidney disease; DM: diabetes mellitus
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Figure 1: Comparison of serum DPP‑4 across groups (P<0.001 for all pairwise comparisons)


Correlations of DPP‑4 within the diabetic cohort
In the pooled diabetic cohort (N = 111), DPP‑4 demonstrated moderate but statistically significant correlations with renal‑function indices (Table 3, Figure 2): positively with serum creatinine (ρ=+0.374, P<0.001), CKD stage (ρ=+0.437, P<0.001), and albuminuria category (ρ=+0.429, P<0.001), and inversely with eGFR (ρ=−0.405, P<0.001). DPP‑4 did not correlate significantly with HbA1c, random blood sugar, or BMI.


Table 3: Spearman rank correlations of serum DPP‑4 with clinical variables (diabetic cohort, N=111)
	Variable
	ρ (Spearman)
	P value

	Serum creatinine
	0.374
	<0.001

	eGFR
	−0.405
	<0.001

	CKD stage
	0.437
	<0.001

	Albuminuria category
	0.429
	<0.001

	HbA1c
	−0.137
	0.221

	Random blood sugar
	−0.085
	0.396

	BMI
	−0.063
	0.517


Bold denotes P<0.05. eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease
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Figure 2: Scatter plots of DPP‑4 vs. renal indices


Multivariable logistic regression
A multivariable binary logistic regression model was constructed to identify factors independently associated with DKD among the diabetic cohort (N = 111). After simultaneous adjustment for age, sex, BMI, hypertension, HbA1c, diabetes duration, antidiabetic medication classes, and serum DPP‑4, three variables retained statistical significance (Table 4, Figure 3): DPP‑4 (per 100 ng/mL increase: β=1.100, adjusted odds ratio [aOR] 3.00, 95% CI 1.00–8.03; P=0.044), hypertension (aOR 24.15, 95% CI 3.42–170.49; P=0.001), and diabetes duration (aOR per year 1.16, 95% CI 1.04–1.30; P=0.011). The wide confidence interval for hypertension reflects the relatively small number of normotensive participants in the DM‑DKD stratum and should be interpreted cautiously. Because the model includes several covariates for only 51 DKD events, the regression should be interpreted as exploratory and potentially overfitted rather than as definitive predictive modelling.




Table 4: Multivariable binary logistic regression (diabetic cohort, N=111)
	Variable
	β
	aOR
	95% CI
	P value

	DPP-4 (per 100 ng/mL)
	1.1
	3.004
	1.000–8.033
	0.044

	Hypertension (yes vs. no)
	3.184
	24.147
	3.420–170.486
	0.001

	Diabetes duration (per year)
	0.15
	1.162
	1.035–1.304
	0.011

	Age (per year)
	0.022
	1.023
	0.958–1.091
	0.498

	Sex (female vs. male)
	−0.898
	0.407
	0.081–2.045
	0.275

	BMI (per kg/m²)
	−0.106
	0.899
	0.754–1.073
	0.238

	HbA1c (per %)
	−0.369
	0.691
	0.399–1.198
	0.188

	Antidiabetic medication (any vs. none)
	0.708
	2.031
	0.210–19.652
	0.541


aOR: adjusted odds ratio; CI: confidence interval. Variables entered simultaneously
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Figure 3: Forest plot of adjusted odds ratios


ROC analysis
To assess the discriminative performance of DPP‑4 for DKD among diabetic participants, an ROC curve was generated (Table 5, Figure 4). DPP‑4 yielded an area under the curve (AUC) of 0.779 (95% CI 0.686–0.872; P<0.001) at an optimal cutoff of 554 ng/mL (sensitivity 80%, specificity 75%). This represents moderate discriminative ability and should be interpreted as hypothesis‑generating rather than diagnostic. Internal validation by bootstrapping was not performed, which is a limitation.


Table 5: ROC analysis: serum DPP‑4 for discriminating DKD
	Biomarker
	AUC (95% CI)
	Cutoff
	Sensitivity (%)
	Specificity (%)
	P value

	DPP-4
	0.779 (0.686–0.872)
	>554 ng/mL
	80 (95% CI 67–89)
	75 (95% CI 62–85)
	<0.001


Youden's J statistic. At cutoff >554 ng/mL: true positives = 41, false negatives = 10, true negatives = 45, false positives = 15

[image: ]
Figure 4: ROC curve for DPP‑4


Effect of antidiabetic medications on serum DPP‑4
Among diabetic participants (N = 111), medication analyses were exploratory. In unadjusted comparisons (Table 6, Figure 5), metformin use was not significantly associated with DPP‑4 (553.7 vs. 519.1 ng/mL; P=0.084), insulin showed no significant association (537.7 vs. 546.3 ng/mL; P=0.748), and DPP‑4 inhibitor use (sitagliptin, vildagliptin, or linagliptin) was not associated with a significant change in total DPP‑4 protein (535.3 vs. 542.7 ng/mL; P=0.711) — a mechanistically expected finding because gliptins block enzymatic activity but do not reduce protein expression. SGLT‑2 inhibitor use was associated with higher DPP‑4 in unadjusted comparison (591.8±79.5 vs. 519.1±104.6 ng/mL; P<0.001).


Table 6: Unadjusted associations of antidiabetic drug classes with serum DPP‑4
	Drug class
	Not receiving (ng/mL)
	Receiving (ng/mL)
	P value

	Metformin
	553.7 ± 104.4 (n=64)
	519.1 ± 102.6 (n=47)
	0.084

	Insulin
	537.7 ± 103.5 (n=93)
	546.3 ± 106.0 (n=18)
	0.748

	SGLT-2 inhibitor
	519.1 ± 104.6 (n=81)
	591.8 ± 79.5 (n=30)
	<0.001

	DPP-4 inhibitor
	542.7 ± 104.2 (n=57)
	535.3 ± 103.2 (n=54)
	0.711


Mean ± SD; independent‑samples t‑test

[image: ]
Figure 5: Bar graph of DPP‑4 by drug class


Because the SGLT‑2 inhibitor finding may be confounded by kidney function, diabetes duration, and treatment indication, an additional linear regression analysis was performed (Table 7). In the crude model, SGLT‑2 inhibitor use was significantly associated with higher DPP‑4 (B = 36.38 ng/mL, 95% CI 14.89–57.87, P=0.001). After adjustment for age, diabetes duration, eGFR, albuminuria, and antihypertensive drug use, this association was attenuated and no longer statistically significant (B = 19.93 ng/mL, 95% CI −3.10 to 42.96, P=0.089). In the adjusted model, eGFR remained independently associated with DPP‑4 (B = −0.98, 95% CI −1.60 to −0.36, P=0.002), suggesting that kidney function partly explains the crude association.


Table 7: Crude and adjusted linear regression for SGLT‑2 inhibitor use with DPP‑4
	Model
	Variable
	B (ng/mL)
	95% CI lower
	95% CI upper
	P value

	1 (crude)
	SGLT-2 inhibitor (yes vs. no)
	36.38
	14.89
	57.87
	0.001

	2 (adjusted)*
	SGLT-2 inhibitor (yes vs. no)
	19.93
	−3.10
	42.96
	0.089

	 
	eGFR (per mL/min/1.73 m²)
	−0.98
	−1.60
	−0.36
	0.002


Adjusted for age, diabetes duration, eGFR, albuminuria, and antihypertensive drug use. Only eGFR remained significant


Discussion
In this Iraqi case‑control study spanning nine centres in Kerbala and Baghdad, we observed a graded, stepwise elevation of serum DPP‑4 across healthy controls, T2DM without DKD, and T2DM with DKD, with all pairwise contrasts reaching statistical significance. DPP‑4 was independently associated with clinically defined DKD after multivariable adjustment, albeit the association was modest and the confidence interval for the per‑100‑ng/mL aOR was wide (1.00–8.03). DPP‑4 correlated moderately with conventional renal indices (creatinine, eGFR, CKD stage, albuminuria) and yielded an ROC‑AUC of 0.779 at a cutoff of 554 ng/mL. The initial unadjusted SGLT‑2 inhibitor association with higher DPP‑4 was attenuated after adjustment for age, diabetes duration, eGFR, albuminuria, and antihypertensive drug use, while DPP‑4 inhibitor use did not alter total DPP‑4 protein on ELISA. We discuss these findings in turn.

Soluble DPP‑4 and diabetic kidney disease
The central observation of stepwise DPP‑4 elevation (control 203.6 < DM 502.6 < DM‑DKD 587.2 ng/mL) is consistent with international literature linking circulating DPP‑4 protein and activity to glycaemic dysregulation, insulin resistance, and kidney impairment (9, 10). In a Korean retrospective analysis, Cho and Kim demonstrated that serum sDPP‑4 levels in T2DM patients correlated inversely with eGFR and positively with serum creatinine, proposing sDPP‑4 as a candidate biomarker of declining renal function (9). Sarkar et al., studying Indian T2DM patients, found that plasma DPP‑4 levels and activity were elevated in T2DM compared with controls and were obesity‑independent markers of glycaemic deregulation (10). Our DPP‑4 cutoff of 554 ng/mL (AUC 0.779; sensitivity 80%, specificity 75%) aligns with these prior reports and extends them to an Iraqi case‑control framework.
Multivariable logistic regression in our cohort identified DPP‑4 as a biomarker independently associated with clinically defined DKD after adjustment for sex, age, BMI, hypertension, HbA1c, diabetes duration, and antidiabetic medication use, alongside hypertension and diabetes duration. Although the per‑unit aOR for DPP‑4 per 100 ng/mL (3.00) appears modest, the effect size across the observed concentration range (≈200–800 ng/mL) translates into a substantial cumulative increase in the odds of nephropathy. Mechanistically, several pathways may explain this association. The kidney is among the highest‑expressing organs for DPP‑4, particularly in the apical brush border of proximal tubules, with de novo glomerular DPP‑4 expression in pathological states (6, 7). Renal DPP-4 is generated by matrix‑metalloproteinase‑mediated cleavage of the membrane‑bound enzyme; in diabetic kidneys, hyperglycaemia, oxidative stress, and TGF‑β signalling upregulate DPP‑4 expression and shedding (6, 8). Soluble DPP‑4, in turn, has been shown to engage signalling pathways relevant to fibroblast activation and epithelial‑to‑mesenchymal transition, central mechanisms of diabetic kidney remodelling (6, 8, 10). These mechanisms collectively support a model in which elevated circulating DPP‑4 is both a marker and a candidate mediator of diabetic kidney remodelling, although our cross‑sectional data cannot confirm causality.

Comparison with Iraqi studies
Recent Iraqi studies have shown that diabetic renal disease is associated with several non‑traditional biomarkers of tubular injury, podocyte injury, inflammation, vascular remodelling, and fibrosis (11, 12, 13, 14, 15, 16). Sueud et al. found that urinary IL‑18, NGAL, and albumin‑creatinine ratio were altered in Iraqi patients with diabetic nephropathy, supporting the role of inflammatory and tubular injury markers (12). Aljorani et al. reported that KIM‑1 and nephrin were associated with renal injury and correlated with conventional kidney parameters, including UACR and eGFR (13). Other Iraqi studies showed significant changes in irisin, IL‑8, ACE‑2, CTGF, and endostatin in T2DM patients with diabetic nephropathy, emphasising inflammatory, vascular, and fibrotic pathways (11, 14, 15). Our results agree with these reports: serum DPP‑4 correlated positively with creatinine, CKD stage, and albuminuria category, and inversely with eGFR. Like Salh et al. (16), we also observed an independent association of hypertension and diabetes duration with clinically defined DKD. The current study is novel in identifying serum DPP‑4 as a potential circulating biomarker in Iraqi T2DM patients with stepwise elevation across controls, T2DM without DKD, and clinically defined DKD, moderate ROC discrimination, and independent association after multivariable adjustment.

Effects of antidiabetic medication classes
The medication‑class associations observed here merit careful interpretation. SGLT‑2 inhibitor use was associated with higher DPP‑4 levels in crude comparisons, but this association did not remain statistically significant after adjustment for age, diabetes duration, eGFR, albuminuria, and antihypertensive drug use. This attenuation suggests that the crude SGLT‑2 inhibitor signal likely reflects confounding by kidney function, disease duration, treatment indication, or disease severity rather than a direct independent drug effect. In the adjusted model, eGFR remained significantly and inversely associated with serum DPP‑4, supporting kidney function as an important determinant of circulating DPP‑4 levels.
Crucially, DPP‑4 inhibitor use (sitagliptin, linagliptin, or vildagliptin) did not alter total serum DPP‑4 protein on ELISA (P=0.711). This is mechanistically expected: gliptins inhibit catalytic activity by occupying the enzyme's active site but do not necessarily reduce DPP‑4 expression or shedding, so total protein‑based ELISA assays remain insensitive to pharmacologic inhibition. This methodological point has practical implications for any clinician contemplating the use of DPP‑4 ELISA as a treatment‑monitoring biomarker. It also explains why our findings do not contradict the known efficacy of DPP‑4 inhibitors in diabetes management.

Strengths and limitations
Strengths of this study include prospective enrolment across nine centres in two Iraqi governorates; diagnostic classification using contemporary KDIGO 2024 criteria and the race‑free 2021 CKD‑EPI equation; a demographically matched control group; multivariable adjustment for major confounders in the DKD association model; and additional adjusted linear regression to test whether the crude SGLT‑2 inhibitor association persisted after accounting for kidney function and selected clinical covariates.
Limitations warrant explicit acknowledgement. (i) The case‑control, cross‑sectional design precludes causal inference; longitudinal follow‑up will be required to determine whether DPP‑4 elevation precedes or merely accompanies clinically defined DKD. (ii) ELISA quantifies total DPP‑4 protein and not enzymatic activity; assays of catalytic activity would refine the mechanistic interpretation. (iii) Loss of nine DM‑DKD samples during ELISA processing reduced the analytic sample in that group from 60 to 51; demographic comparability was preserved, but a degree of selection bias cannot be entirely excluded. (iv) DKD was diagnosed clinically using eGFR and UACR; kidney biopsy was not performed, so the results should not be described as biopsy‑proven diabetic nephropathy. (v) UACR was estimated from spot urine rather than repeated first‑morning or 24‑hour collections, and persistence was based on available clinical documentation. (vi) The regression model may be overfitted because only 51 DKD events were available for several candidate predictors; the wide confidence intervals (especially for hypertension) reflect this instability. (vii) ROC performance was not internally validated by bootstrapping or externally validated in an independent cohort. (viii) Medication analyses remain exploratory: although the SGLT‑2 inhibitor association was additionally adjusted for selected covariates, residual confounding by dose, duration, adherence, treatment indication, kidney function, and disease severity cannot be excluded. (ix) The cohort is single‑ethnic (Iraqi Arab), limiting generalizability to other populations.
Future directions should include prospective longitudinal cohorts of Iraqi T2DM patients combining serum DPP‑4 protein measurement with DPP‑4 enzymatic activity assays, kidney biopsy where indicated, and structured medication ascertainment. Multi‑ethnic studies are needed to establish reference intervals. Future pharmacologic analyses should collect medication dose, duration, adherence, and indication and should model kidney function carefully to distinguish drug effects from confounding by disease severity. Trials evaluating whether longitudinal change in serum DPP‑4 tracks with kidney‑outcome trajectories would clarify its translational potential. Additionally, cost‑effectiveness studies in the Iraqi healthcare context would help determine whether adding DPP‑4 measurement to standard care is practical.

Conclusion
In this Iraqi multicentre case‑control study, serum DPP‑4 was independently associated with clinically defined DKD after adjustment for conventional risk factors, albeit with modest effect size and wide confidence intervals. DPP‑4 exhibited moderate apparent discriminative ability (AUC 0.779; cutoff >554 ng/mL). SGLT‑2 inhibitor use was associated with higher DPP‑4 levels in crude exploratory analyses, but this association was attenuated and no longer statistically significant after adjustment, suggesting confounding by kidney function. DPP‑4 inhibitor use did not alter total DPP‑4 protein levels, consistent with the mechanism of action. These findings support further evaluation of serum DPP‑4 as an adjunctive biomarker to refine kidney‑risk assessment in Iraqi T2DM patients but do not justify replacement of established renal indices (UACR, eGFR) or imply biopsy‑proven diabetic nephropathy. The results should be considered hypothesis‑generating, and validation in larger, prospective, multi‑ethnic cohorts is required.
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