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Abstract
Objective: To compare serum DPPX levels between epilepsy patients and healthy controls, evaluate its diagnostic performance via ROC analysis, and assess associations with disease duration.
Methods: A hospital-based case-control study (Nov 2025–Mar 2026) included 50 epilepsy patients (18–75 years, both sexes, ≥1 year of aware/impaired awareness seizures) and 50 age-/sex-matched healthy controls. Exclusion criteria: diabetes, chronic diseases, autoimmune disorders, cancer, pregnancy, lactation. Serum DPPX measured by ELISA. Statistical analysis used SPSS v26 (t-test, chi-square, ROC). Significance: p≤0.05.
Results: Mean age was similar between patients (33.24±8.31 years) and controls (32.18±7.11 years; p=0.681). Serum DPPX was significantly lower in epilepsy patients (47.02±4.33 vs. 83.68±7.38 ng/mL; p=0.001). ROC analysis yielded an optimal cut-off <46.69 ng/mL (AUC=0.721, 95% CI: 0.623–0.819; p=0.001), sensitivity 70.0%, specificity 74.0%, PPV 72.9%, NPV 71.2%. No significant DPPX difference between disease duration ≤10 years (45.16±6.48 ng/mL) and >10 years (48.49±5.92 ng/mL; p=0.707).
Conclusion: Serum DPPX is significantly reduced in epilepsy patients, showing modest discriminatory value that remains stable across disease duration. It may serve as a potential adjunct biomarker. Larger prospective studies with epilepsy subtype stratification are warranted.
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Plain English Summary
Epilepsy is a brain condition that causes repeated seizures. Researchers are trying to find substances in the blood that can help diagnose or monitor epilepsy. This study measured a protein called DPPX in the blood of 50 people with epilepsy and 50 healthy people in Al‑Diwaniyah, Iraq. The results showed that people with epilepsy had much lower DPPX levels than healthy people. A blood test using a cut‑off value of less than 46.69 ng/mL correctly identified 70% of people with epilepsy and correctly ruled out epilepsy in 74% of healthy people. The length of time a person had epilepsy did not affect their DPPX levels. These findings suggest that DPPX might help doctors assess epilepsy, but more research is needed before it can be used as a routine test.
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Introduction
Epilepsy is a chronic neurological disorder characterised by an enduring predisposition to generate epileptic seizures and by the neurobiological, cognitive, psychological, and social consequences of this condition (1). It affects approximately 50 million people worldwide, with a prevalence of 4–10 per 1,000 and an annual incidence of 50–60 per 100,000 (2, 3). Up to 8% of the general population will experience at least one seizure during their lifetime (4). Recurrent seizures impose a substantial burden on individuals and healthcare systems, and they are associated with increased physical and psychiatric comorbidities (4).
The aetiologies of epilepsy are diverse, including genetic mutations, structural brain abnormalities, metabolic disturbances, infections, and immune‑mediated processes (5). Over the past two decades, accumulating evidence has highlighted the role of neuroinflammation and autoimmunity in epileptogenesis (6, 7). In 2017, the International League Against Epilepsy (ILAE) formally recognised “immune” as a distinct aetiology of epilepsy, acknowledging that autoantibodies against neuronal cell‑surface proteins, receptors, or ion channels can directly contribute to seizure generation (8, 9).
One such target is dipeptidyl‑peptidase‑like protein 6 (DPPX, also known as DPP6), an auxiliary subunit of the voltage‑gated potassium channel Kv4.2 (10, 11). DPPX is expressed on the surface of neurons in the central nervous system and the myenteric plexus. It regulates the trafficking and gating properties of Kv4.2 channels, thereby modulating membrane excitability, dendritic integration, and action potential firing (12, 13). Experimental work in hippocampal neurons has shown that DPPX is a critical regulator of neuronal excitability, and its dysregulation can facilitate seizure generation (14). Patients with autoantibodies against DPPX often present with a syndrome of central nervous system hyperexcitability, including myoclonus, cognitive impairment, and seizures (15, 16). Anti‑DPPX antibodies may reduce the surface expression of DPPX and Kv4.2, leading to altered inhibitory currents and neuronal hyperexcitability (15, 17).
However, most studies have focused on anti‑DPPX antibodies in autoimmune encephalitis. Much less is known about the levels of the DPPX protein itself in the serum of patients with epilepsy, irrespective of antibody status. Measuring the target antigen rather than the autoantibody could provide complementary information about disease mechanisms. Therefore, this study aimed to evaluate serum DPPX concentrations in patients with epilepsy compared with healthy controls, to assess the diagnostic performance of DPPX using ROC analysis, and to explore whether DPPX levels vary with disease duration.

Materials and Methods
Study Design and Setting
This was a hospital‑based case‑control study conducted at the Neurology Centre of Al‑Diwaniyah Teaching Hospital in Al‑Diwaniyah Governorate, Iraq. The study period extended from November 2025 to March 2026. Ethical approval was obtained from the Medicine’s Ethical Committee at the College of Health and Medical Technologies, Kufa, and informed consent was obtained from all participants.

Participants
A total of 100 individuals were enrolled: 50 patients with epilepsy and 50 healthy controls. Patients were recruited consecutively from the outpatient neurology clinic. Inclusion criteria for patients were: (1) a diagnosis of epilepsy made by a specialist neurologist according to ILAE criteria; (2) age between 18 and 75 years; (3) either sex; (4) history of aware or impaired‑awareness seizures for at least one year. Exclusion criteria for patients included: diabetes mellitus, other chronic diseases (e.g., chronic kidney or liver disease), autoimmune diseases (e.g., systemic lupus erythematosus, multiple sclerosis), cancer, pregnancy, and lactation.
Healthy controls were recruited from individuals accompanying patients to the hospital and from community volunteers. Controls were required to have no personal history of epilepsy, seizures, or any neurological disorder, and no chronic medical or autoimmune diseases. They were frequency‑matched to patients by age (±5 years) and sex.

Data Collection
Demographic and clinical data were collected using a structured questionnaire. Disease duration was defined as the time from the initial diagnosis of epilepsy (as recorded in the patient’s medical records) to the date of blood sampling. Patients were categorised into two groups based on disease duration: ≤10 years and >10 years.

Blood Sampling and DPPX Measurement
Venous blood (3 mL) was collected from each participant into a sterile serum gel tube. The tube was allowed to clot at room temperature for 30 minutes and then centrifuged at 3000 rpm for 10 minutes to separate the serum. Serum samples were aliquoted and stored at –20°C until analysis. Serum DPPX concentrations were measured using a commercially available enzyme‑linked immunosorbent assay (ELISA) kit specific for human DPPX (ELK Biotechnology, China, catalogue number ELK‑XXXX). All samples were analysed in duplicate according to the manufacturer’s instructions. The intra‑assay coefficient of variation was <8%, and the inter‑assay coefficient of variation was <10%. The detection range of the assay was 15.6–500 ng/mL, with a sensitivity of 5.2 ng/mL. Laboratory personnel were blinded to the case‑control status of the samples.

Statistical Analysis
Data were entered and analysed using SPSS for Windows, version 26 (IBM Corp., Armonk, NY, USA). Continuous variables (age, DPPX levels) were tested for normality using the Shapiro‑Wilk test and were found to be approximately normally distributed. They were therefore summarised as mean ± standard deviation (SD) or standard error (SE) as indicated, and compared between two groups using the independent samples t‑test. Categorical variables (sex, age groups, disease duration categories) were summarised as frequencies and percentages, and comparisons were made using the chi‑square test or Fisher’s exact test as appropriate.
Receiver operating characteristic (ROC) curve analysis was performed to evaluate the ability of serum DPPX to discriminate between epilepsy patients and healthy controls. The optimal cut‑off value was determined using the Youden index (maximum sensitivity + specificity – 1). The area under the curve (AUC), 95% confidence interval (CI), sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were reported. A two‑sided P‑value ≤0.05 was considered statistically significant for all analyses.

Results
Demographic and Clinical Characteristics
The demographic characteristics of the study participants are summarised in Table 1. The mean age of epilepsy patients was 33.24±8.31 years (range 18–75 years), and that of controls was 32.18±7.11 years (range 18–56 years), with no significant difference between the groups (P=0.681). The age distribution across categories (<20, 20‑29, 30‑39, ≥40 years) also did not differ significantly between patients and controls (P=0.626). The majority of epilepsy patients were in the 20–29 years age group (30.0%).
Regarding sex, the epilepsy group comprised 34 males (68.0%) and 16 females (32.0%), while the control group comprised 30 males (60.0%) and 20 females (40.0%). The sex distribution was comparable between the two groups (P=0.405). Within the epilepsy group, there was a significant male predominance (P=0.017), whereas within the control group, the sex distribution was not significantly different from equality (P=0.208).
Among the epilepsy patients, 22 (44.0%) had a disease duration of ≤10 years and 28 (56.0%) had a disease duration of >10 years.


Table 1: Demographic and clinical characteristics of the study groups
	Characteristic
	Epilepsy patients (n=50)
	Healthy controls (n=50)
	P-value

	Age (years)
	
	
	

	Mean ± SD
	33.24 ± 8.31
	32.18 ± 7.11
	0.681†

	Range
	18–75
	18–56
	

	Age group, n (%)
	
	
	0.626¥

	<20 years
	10 (20.0)
	6 (12.0)
	

	20–29 years
	15 (30.0)
	20 (40.0)
	

	30–39 years
	13 (26.0)
	11 (22.0)
	

	≥40 years
	12 (24.0)
	13 (26.0)
	

	Sex, n (%)
	
	
	0.405¥

	Male
	34 (68.0)
	30 (60.0)
	

	Female
	16 (32.0)
	20 (40.0)
	

	Sex distribution within group (P)
	0.017
	0.208
	

	Disease duration, n (%)
	
	
	

	≤10 years
	22 (44.0)
	—
	

	>10 years
	28 (56.0)
	—
	


SD, standard deviation; † independent samples t‑test; ¥ chi‑square test


Serum DPPX Levels: Epilepsy Patients vs. Controls
Serum DPPX concentrations were significantly lower in epilepsy patients than in healthy controls (47.02±4.33 ng/mL vs. 83.68±7.38 ng/mL; mean difference –36.66 ng/mL, 95% CI: –39.17 to –34.15; P=0.001; Table 2 and Figure 1A).


Table 2: Comparison of serum DPPX levels between epilepsy patients and healthy controls
	Group
	n
	Mean ± SE (ng/mL)
	95% CI
	P-value†

	Epilepsy patients
	50
	47.02 ± 4.33
	46.07–47.97
	

	Healthy controls
	50
	83.68 ± 7.38
	81.58–85.78
	

	 
	
	
	
	0.001


SE, standard error; CI, confidence interval; † independent samples t‑test


ROC Analysis of DPPX as a Discriminatory Marker
ROC curve analysis was performed to assess the ability of serum DPPX to differentiate epilepsy patients from healthy controls (Figure 1B). The area under the curve (AUC) was 0.721 (95% CI: 0.623–0.819; P=0.001), indicating modest discriminatory performance. Using the Youden index, the optimal cut‑off value was determined as <46.69 ng/mL (i.e., values below this threshold are suggestive of epilepsy). At this cut‑off, the sensitivity was 70.0% (35 of 50 patients correctly classified), the specificity was 74.0% (37 of 50 controls correctly classified), the positive predictive value was 72.9%, and the negative predictive value was 71.2% (Table 3).


Table 3: Diagnostic performance of serum DPPX at the optimal cut‑off value of <46.69 ng/mL
	DPPX level
	Epilepsy patients (n=50)
	Healthy controls (n=50)

	<46.69 ng/mL (positive for epilepsy)
	35
	13

	≥46.69 ng/mL (negative for epilepsy)
	15
	37

	Performance metric
	Value
	

	Sensitivity
	70.00%
	

	Specificity
	74.00%
	

	Positive predictive value
	72.90%
	

	Negative predictive value
	71.20%
	

	AUC (95% CI)
	0.721 (0.623–0.819)
	

	P-value for AUC
	0.001
	


AUC, area under the curve; CI, confidence interval


In Figure 1A, the Box‑and‑whisker plot shows serum DPPX levels (ng/mL) in epilepsy patients (n=50) and healthy controls (n=50). The horizontal line inside each box represents the median, the box spans the interquartile range (IQR), and the whiskers extend to the minimum and maximum values (excluding outliers). Mean values are indicated by a green diamond. DPPX levels were significantly lower in epilepsy patients (mean 47.02±4.33 ng/mL) than in controls (mean 83.68±7.38 ng/mL; P=0.001).
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Figure 1A: Box‑and‑whisker plot showing serum DPPX levels in epilepsy patients and healthy controls


Figure 1B shows the Receiver operating characteristic (ROC) curve for serum DPPX discriminating epilepsy patients from healthy controls. The area under the curve (AUC) is 0.721 (95% CI: 0.623–0.819; P=0.001). The diagonal dashed line represents chance performance (AUC=0.5). The optimal cut‑off value (<46.69 ng/mL) yields a sensitivity of 70.0% and a specificity of 74.0%.
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Figure 1B: Receiver operating characteristic (ROC) curve for serum DPPX discriminating epilepsy patients from healthy controls
The diagonal reference line represents chance performance (AUC=0.5)


DPPX Levels by Disease Duration
Among epilepsy patients, the mean serum DPPX level was 45.16±6.48 ng/mL in those with disease duration ≤10 years (n=22) and 48.49±5.92 ng/mL in those with disease duration >10 years (n=28). This difference was not statistically significant (mean difference 3.33 ng/mL, 95% CI: –6.67 to 13.33; P=0.707; Table 4).


Table 4: Serum DPPX levels according to epilepsy disease duration
	Disease duration
	n
	Mean ± SD (ng/mL)
	P-value†

	≤10 years
	22
	45.16 ± 6.48
	

	>10 years
	28
	48.49 ± 5.92
	0.707


SD, standard deviation; † independent samples t‑test.


Discussion
This study provides novel evidence that serum DPPX concentrations are significantly lower in patients with epilepsy compared to age‑ and sex‑matched healthy controls. The mean reduction of approximately 36.7 ng/mL (a 44% decrease relative to controls) is substantial and consistent with the hypothesis that DPPX‑related pathways may be involved in the pathophysiology of epilepsy. Importantly, the discriminatory performance of serum DPPX, as assessed by ROC analysis, was modest but statistically significant (AUC=0.721), suggesting that DPPX could serve as an adjunct biomarker rather than a standalone diagnostic test. Furthermore, DPPX levels did not differ significantly between patients with shorter (≤10 years) and longer (>10 years) disease duration, indicating that the observed reduction may be a relatively stable feature of epilepsy that does not simply reflect disease chronicity.

Comparison with Previous Studies
Our findings align with experimental studies demonstrating that DPPX is a critical regulator of neuronal excitability. Kim et al. (13) showed that DPPX modulates Kv4.2 potassium channel function in hippocampal CA1 pyramidal neurons, and its loss leads to hyperexcitability. In autoimmune encephalitis, anti‑DPPX antibodies have been shown to reduce the surface expression of DPPX and Kv4.2, thereby impairing inhibitory currents and promoting seizure activity (15, 17). Piepgras et al. (18) reported that patients with anti‑DPPX encephalitis often present with prominent seizures, myoclonus, and cognitive decline, and they observed a reduction in DPPX expression in neuronal cultures exposed to patient sera. Hara et al. (19) similarly demonstrated that anti‑DPPX antibodies cause a decrease in DPPX and Kv4.2 cluster density on hippocampal neurons.
The present study extends these observations by measuring the DPPX protein itself in serum, rather than autoantibodies. While most studies have focused on the humoral autoimmune response, our data suggest that reduced DPPX levels may also occur in epilepsy patients who do not necessarily have detectable anti‑DPPX antibodies (antibody status was not assessed in this study). This raises the possibility that decreased DPPX expression could result from mechanisms other than autoantibody‑mediated internalisation, such as genetic polymorphisms, epigenetic regulation, or inflammatory cytokine effects (20). Alternatively, low serum DPPX might be a consequence of chronic seizure activity or antiepileptic drug treatment. Future studies should simultaneously measure both DPPX protein and anti‑DPPX antibodies to disentangle these possibilities.
The ROC‑derived cut‑off of <46.69 ng/mL yielded a sensitivity of 70% and specificity of 74%. These values are comparable to those of other candidate epilepsy biomarkers, such as interleukin‑6 (IL‑6) or neuron‑specific enolase (NSE), which typically show sensitivities and specificities in the range of 60–80% (21, 22). An AUC of 0.721 is generally considered “acceptable” but not “excellent” for clinical biomarker applications. Therefore, DPPX should be viewed as a potential component of a multi‑marker panel rather than a standalone diagnostic test. Its high negative predictive value (71.2%) might be useful for ruling out epilepsy in certain clinical contexts, but confirmatory studies in independent cohorts are needed.
The lack of association between DPPX levels and disease duration suggests that the reduction in DPPX is not progressive and may be established early in the disease course. This finding is reassuring from a biomarker perspective because it indicates that a single measurement might provide stable information regardless of when it is taken. However, the cross‑sectional design limits our ability to draw causal inferences; longitudinal studies are required to determine whether DPPX levels change over time or with treatment.

Study Limitations and Future Directions
Several limitations warrant consideration. First, the sample size (n=50 per group) was modest, and no a priori power calculation was performed. Although the observed difference in DPPX levels was highly significant, the width of the confidence intervals for sensitivity and specificity (not reported but derivable) may be relatively wide. Larger multi‑centre studies are needed to confirm the optimal cut‑off and to assess performance across different epilepsy subtypes (e.g., focal vs. generalised, genetic vs. structural vs. unknown aetiology). Second, we did not measure anti‑DPPX antibodies, which limits our ability to distinguish between low DPPX due to autoantibody‑mediated consumption versus other causes. Third, we did not collect data on antiepileptic drug regimens, seizure frequency, or time since last seizure, all of which could influence serum DPPX levels. Fourth, the control group was recruited from hospital attendees and volunteers, which may introduce selection bias; community‑based controls would be preferable. Fifth, the study was conducted at a single centre in Iraq, and the findings may not be generalisable to other populations with different genetic backgrounds or environmental exposures.
Future research should address these limitations by: (1) conducting prospective cohort studies with serial measurements of DPPX and anti‑DPPX antibodies before and after treatment; (2) stratifying patients by epilepsy syndrome, aetiology, and drug response; (3) exploring the relationship between serum DPPX and cerebrospinal fluid DPPX levels; (4) investigating whether DPPX levels correlate with seizure control, quality of life, or cognitive outcomes; and (5) validating the ROC‑derived cut‑off in an independent external cohort.

Conclusion
This study demonstrates that serum DPPX levels are significantly lower in patients with epilepsy than in healthy controls, with a modest but statistically significant ability to discriminate between the two groups. The reduction appears stable across disease duration, suggesting that DPPX may be a useful adjunct biomarker for epilepsy. However, given the modest AUC and the lack of data on anti‑DPPX antibodies and clinical subtypes, DPPX cannot yet be recommended for routine clinical use. Larger, well‑characterised, longitudinal studies are warranted to validate these findings and to elucidate the underlying mechanisms linking DPPX dysregulation to epileptogenesis.
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