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Objective: This study aimed to investigate the prognostic value of high-sensitivity cardiac troponin T (hs-cTnT) levels and diabetes mellitus (DM) on ischemic events within 12 months after percutaneous coronary intervention (PCI) in acute coronary syndrome(ACS) patients.



Methods: This retrospective cohort study included 14,173 consecutive ACS patients undergoing PCI at the General Hospital of the Northern Theater Command between March 2016 and March 2022. The primary outcome was the occurrence of ischemic events within 12 months, defined as a composite of cardiac death, non-fatal myocardial infarction (MI), and/or stroke. Secondary outcomes included all-cause mortality at 12 months and the individual components of the primary outcome.



Results: During the 12-month follow-up, the overall incidence rates of ischemic events, cardiac death, MI, stroke, and all-cause mortality were 2.19%, 1.12%, 0.58%, 0.59%, and 1.55%, respectively. Elevated hs-cTnT levels were significantly associated with increased risks of ischemic events (adjusted HR: 1.91, 95% CI: 1.19–3.09), cardiac death (adjusted HR: 2.00, 95% CI: 1.08–3.71), and all-cause mortality (adjusted HR: 2.78, 95% CI: 1.62–4.76). In diabetic patients, the risks were particularly pronounced when hs-cTnT levels reached ≥5 × URL. Interaction analyses showed no significant interaction between hs-cTnT levels and diabetes status regarding ischemic events (P = 0.78), but a significant interaction for all-cause mortality (P = 0.01).



Conclusions: Elevated hs-cTnT levels and the presence of DM are independently associated with an increased risks of ischemic events and all-cause mortality after PCI in ACS patients. The impact of hs-cTnT on mortality is more pronounced in diabetic patients.
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1 Introduction

In recent years, acute coronary syndrome (ACS) has emerged as a substantial healthcare burden, contributing significantly to morbidity and mortality rates (1–3). Percutaneous coronary intervention (PCI) represents an effective therapeutic strategy for managing patients diagnosed with ACS. Nonetheless, perioperative myocardial injury continues to be one of the prevalent complications associated with this procedure (4). Therefore, the implementation of an appropriate disease risk assessment model is a critical step for the early identification of patients at high risk for morbidity and mortality (5, 6). The incorporation of biomarkers to gauge the degree of myocardial damage offers a more sensitive and precise evaluation of PCI-related myocardial injury. Previous investigations have demonstrated that troponin levels are associated with perioperative myocardial injury and long-term adverse outcomes (7).

Diabetes Mellitus (DM) constitutes a significant risk factor that affects the characteristics and progression of coronary artery disease (8). Compared to individuals without DM, those with DM exhibit a higher prevalence of cardiovascular diseases (9). Recent studies have established an association between subclinical myocardial injury, as indicated by elevated levels of high-sensitivity cardiac troponin T (hs-cTnT), and hypoglycemia (10–12). This disparity suggests that it is crucial to investigate how diabetes and non-diabetes patients differ in terms of PCI-related myocardial injury (13, 14) and long-term prognosis. Nevertheless, it remains unclear whether an increase in hs-cTnT levels heightens the anticipated risk post-PCI among both DM and non-DM patients. To date, studies on this topic are rather scarce. Delving deeper into this matter can facilitate a more profound comprehension of how PCI exerts distinct effects on these two groups of patients and assist in formulating more personalized treatment regimens.

Although previous research has examined the influence of hs-cTnT levels and DM on ACS patient outcomes, our study uniquely emphasizes the comparative analysis between DM and non-DM patients. In contrast to many previous investigations that suffered from limitations due to smaller sample sizes, our large-scale analysis enhances the generalizability and robustness of our findings. To counteract these limitations, the present study aims to conduct a large-scale retrospective cohort study, which will further elucidate the roles of hs-cTnT levels and DM in ACS patients and provide more robust evidence for clinical management. By focusing on a large cohort of 14,173 consecutive ACS patients who underwent PCI at the General Hospital of the Northern Theater Command of China between March 2016 and March 2022, this study offers valuable insights that could inform more personalized and effective treatment strategies. The significance of this study is to fill the gap in the existing literature regarding the association between changes in hs-cTnT levels and prognosis in DM and non-DM patients following PCI.



2 Methods


2.1 Study population

The study cohort was derived from a prospective, real-world, single-center registry at the General Hospital of Northern Theater Command, which recruited consecutive patients who underwent PCI between March 2016 and March 2022 (15). The study population consisted of 14,173 consecutive patients diagnosed with ACS who underwent PCI. The inclusion criteria were as follows: (1) Age ≥18 years; (2) Diagnosed with ACS according to the fourth edition by the American Heart Association (16); (3) Underwent PCI; (4) Had accessible baseline and post-PCI hs-cTnT data; (5) The patients were discharged alive. The major exclusion criteria included: (1) Patients with severe comorbidities, such as end-stage renal disease or active malignancy, that may potentially impact primary outcomes; (2) Patients who experienced major adverse clinical events during hospitalization.



2.2 Variables

The exposure variables were the levels of hs-cTnT and the presence of DM. The diagnosis of ACS in this study was made according to the 4th Universal Definition of Myocardial Infarction (16). Specifically, the diagnostic criteria for the different types of ACS were as follows: (1) Patients were diagnosed with Unstable Angina Pectoris (UAP) if they presented with increased frequency, severity, or duration of angina attacks, no ST-segment elevation on electrocardiogram (ECG), and normal levels of cardiac injury markers (e.g., hs-cTnT) at admission; (2) Non-ST-Segment Elevation Myocardial Infarction (NSTEMI) was diagnosed if patients had elevated levels of cardiac injury markers hs-cTnT levels above the 99th percentile reference upper limit) without ST-segment elevation on ECG; (3) ST-Segment Elevation Myocardial Infarction (STEMI): Elevated levels of cardiac injury markers (high-sensitivity troponin T levels above the 99th percentile reference upper limit) with ST-segment elevation on ECG. DM was defined based on the criteria set forth by the American Diabetes Association (17). Blood samples for hs-cTnT analysis were collected at admission and again within the second day following the PCI procedure. Blood samples for hs-cTnT analysis were collected at admission and again within the second day following the PCI procedure. The hs-cTnT levels were measured using the Roche Elecsys Troponin T high-sensitivity assay on a Roche Cobas e 411 analyzer (Roche Diagnostics, Basel, Switzerland). This assay employs the electrochemiluminescence immunoassay (ECLIA) method. The lower limit of quantification for hs-cTnT was ≤0 ng/ml, and the 99th percentile upper reference limit (URL) was 0.1 ng/ml. For the analysis, we utilized the hs-cTnT levels measured on the second day after PCI to assess the association with ischemic events and mortality. The admission hs-cTnT levels were used for descriptive purposes only, to provide a baseline comparison. The primary outcome was the occurrence of ischemic events within 12 months after PCI, defined as a composite of cardiac death, non-fatal myocardial infarction (MI), and/or stroke. The secondary outcomes included all-cause mortality at 12 months and the individual components of the primary outcome. For patients with negative pre-procedural hs-TnT and post-procedural hs-TnT ≥ 5 × URL, this indicates the occurrence of periprocedural myocardial infarction (PMI) (18, 19).



2.3 Ethic statement

This study was approved by the local ethics committee of the General Hospital of the Northern Theater Command (Ethics Number: 2025-77) and a waiver of the requirement to obtain informed consent was provided to conduct this analysis. Written informed consent was obtained from all participating patients. The study was conducted in accordance with the principles of the Declaration of Helsinki.



2.4 Follow-up

To ensure the accuracy and comprehensiveness of the follow—up data. Clinical follow-up assessments were routinely conducted at 3, 6, 9, and 12 months post-procedure through phones, outpatient visits, or unscheduled readmissions by research staff. All clinical incidents were scrutinized by a clinical events committee.



2.5 Statistical analysis

The enrolled patients were stratified based on their DM status and the fold increase above URL of hs-cTnT. Continuous variables were summarized as mean ± standard deviation and compared using analysis of variance or the Kruskal–Wallis test, depending on data distribution. Categorical variables were expressed as frequencies and percentages, and comparisons were made using χ² tests or Fisher's exact tests, as appropriate. Time-to-event outcomes were analyzed using the Kaplan–Meier method and compared with the log-rank test. To assess the relationship between outcomes and hs-cTnT levels stratified by DM status, both the Cox proportional hazards regression model and restricted cubic spline analysis were employed. Variables adjusted in the multivariable model included age, gender, hypertension, previous MI, previous PCI, previous stroke, smoking status, type of ACS, anemia, eGFR, arterial access, coronary arteries treated, and number of stents. Unless otherwise specified, statistical significance was set at a two-sided p-value < 0.05. All statistical analyses were conducted using SAS software version 9.4 (SAS Institute).




3 Results


3.1 Study population stratification

After screening consecutive patients meeting the inclusion criteria, 14,173 patients enrolled in final analysis with a 99.3% follow-up rate at 12 months. The study population was stratified into four groups based on hs-cTnT levels and the diagnosis of DM: No DM with hs-TnT < 5 URL (N = 7,824); No DM with hs-TnT ≥ 5 URL (N = 1,971); DM with hs-TnT < 5 URL (N = 3,671); DM with hs-TnT ≥ 5 URL (N = 707). This stratification was based on the 99th percentile URL of hs-cTnT, which is 0.1 ng/ml. The stratification allowed us to assess the impact of different levels of hs-cTnT on clinical outcomes.



3.2 Baseline characteristics

Table 1 shows that compared with non-DM patients, DM patients with hs-cTnT levels ≥5 × URL were older (62.44 ± 10.73 years vs. 60.57 ± 10.23 years, P < 0.0001), had a lower proportion of males (70.01% vs. 74.87%, P < 0.0001), and a higher prevalence of hypertension (66.15% vs. 60.47%, P < 0.0001). Additionally, DM patients were more likely to have a history of MI and PCI (12.94% and 14.99%, respectively). Among DM patients with hs-cTnT levels ≥5 × URL had lower hemoglobin levels (28.01% vs. 12.87%, P < 0.0001). These results indicate that elevated hs-cTnT levels are closely related to adverse baseline characteristics in DM patients.



TABLE 1 Baseline characteristics of individuals stratified by levels of Hs-TnT and DM.



	Group
	No DM
	DM
	P value



	Non DM with hsTnT < 5 URL
	Non DM with hsTnT ≥ 5 URL
	DM with hsTnT < 5 URL
	DM with hsTnT ≥ 5 URL



	(N = 7,824)
	(N = 1,971)
	(N = 3,671)
	(N = 707)





	Age, years
	60.57 ± 10.23
	60.70 ± 11.91
	61.86 ± 9.58
	62.44 ± 10.73
	<.0001



	Male
	5,858 (74.87%)
	1,543 (78.29%)
	2,488 (67.77%)
	495 (70.01%)
	<.0001



	Medical history



	Hypertension
	4,729 (60.47%)
	1,007 (51.09%)
	2,622 (71.42%)
	467 (66.15%)
	<.0001



	Diabetes
	0 (0.00%)
	0 (0.00%)
	3,671 (100.00%)
	707 (100.00%)
	<.0001



	Previous MI
	1,502 (19.23%)
	194 (9.85%)
	884 (24.19%)
	91 (12.94%)
	<.0001



	Previous PCI
	2,096 (26.81%)
	218 (11.07%)
	1,271 (34.63%)
	106 (14.99%)
	<.0001



	Previous stroke
	1,071 (13.71%)
	280 (14.24%)
	623 (16.99%)
	127 (17.96%)
	<.0001



	Smoking
	
	
	
	
	<.0001



	Never
	3,257 (41.74%)
	640 (32.55%)
	1,836 (50.19%)
	322 (45.54%)
	



	Active
	3,316 (42.49%)
	1,133 (57.63%)
	1,257 (34.36%)
	312 (44.13%)
	



	Former
	1,231 (15.77%)
	193 (9.82%)
	565 (15.45%)
	73 (10.33%)
	



	Type of ACS
	
	
	
	
	<.0001



	UA
	5,575 (71.26%)
	168 (8.52%)
	2,713 (73.90%)
	76 (10.75%)
	



	NSTEMI
	1,285 (16.42%)
	397 (20.14%)
	606 (16.51%)
	186 (26.31%)
	



	STEMI
	964 (12.32%)
	1,406 (71.33%)
	352 (9.59%)
	445 (62.94%)
	



	Anemia
	1,007 (12.87%)
	373 (18.92%)
	674 (18.36%)
	198 (28.01%)
	<.0001



	eGFR, ml/min per 1.73 m2
	93.58 ± 21.83
	85.02 ± 22.21
	94.27 ± 27.51
	84.82 ± 28.25
	<.0001



	LVEF, %
	60.04 ± 7.78
	53.33 ± 8.46
	58.99 ± 8.64
	52.47 ± 9.19
	<.0001



	Procedure information



	Transradial access
	7,217 (92.24%)
	1,774 (90.01%)
	3,337 (90.90%)
	638 (90.24%)
	0.0025



	Coronary arteries treated



	LM
	513 (6.56%)
	64 (3.25%)
	255 (6.95%)
	38 (5.37%)
	<.0001



	LAD
	4,416 (56.44%)
	957 (48.55%)
	2,031 (55.33%)
	340 (48.09%)
	<.0001



	LCX
	1,996 (25.51%)
	384 (19.48%)
	993 (27.05%)
	144 (20.37%)
	<.0001



	RCA
	2,773 (35.44%)
	770 (39.07%)
	1,395 (38.00%)
	300 (42.43%)
	<.0001



	Number of stents
	1.64 ± 0.88
	1.32 ± 0.77
	1.72 ± 0.93
	1.44 ± 0.84
	<.0001



	Total length of stents, mm
	45.32 ± 26.30
	38.26 ± 21.25
	48.71 ± 27.38
	42.29 ± 23.48
	<.0001



	Average stent diameters, mm
	3.07 ± 0.80
	3.06 ± 0.48
	2.98 ± 0.74
	3.01 ± 0.85
	6.82997



	Aspirin
	7,722 (98.70%)
	1,879 (95.33%)
	3,614 (98.45%)
	665 (94.06%)
	<.0001



	P2Y12 inhibitors
	
	
	
	
	<.0001



	Clopidogrel
	5,432 (69.67%)
	1,223 (62.53%)
	2,482 (67.91%)
	438 (63.02%)
	



	Ticagrelor
	2,365 (30.33%)
	733 (37.47%)
	1,173 (32.09%)
	257 (36.98%)
	



	Statins
	7,344 (93.87%)
	1,777 (90.16%)
	3,443 (93.79%)
	628 (88.83%)
	<.0001



	ACEI/ARB
	5,088 (65.03%)
	1,311 (66.51%)
	2,540 (69.19%)
	466 (65.91%)
	0.0002



	βblockers
	5,302 (67.77%)
	1,280 (64.94%)
	2,731 (74.39%)
	474 (67.04%)
	<.0001









3.3 Clinical outcomes

The primary outcome of ischemic events at 1 year in patients with DM and hs-TnT levels ≥5 URL were significantly higher with incidences of ischemic events (5.66%), cardiac death (3.96%), MI (1.27%), and death from any cause (5.66%) compared to other groups (Table 2). Non-DM patients with hs-TnT levels ≥5 URL also had higher rates of ischemic events (3.40%) and cardiac death (1.78%). The P values for all outcomes were less than 0.0001, indicating statistically significant differences among the groups.



TABLE 2 Clinical outcomes of individuals stratified by levels of Hs-TnT and DM.



	Outcome
	Non DM
	DM
	P value



	hsTnT < 5 URL
	hsTnT ≥ 5 URL
	hsTnT < 5 URL
	hsTnT ≥ 5 URL



	(N = 7,824)
	(N = 1,971)
	(N = 3,671)
	(N = 707)





	Ischemic events
	109 (1.39%)
	67 (3.40%)
	95 (2.59%)
	40 (5.66%)
	<.0001



	Cardiac death
	51 (0.65%)
	35 (1.78%)
	45 (1.23%)
	28 (3.96%)
	<.0001



	MI
	30 (0.38%)
	24 (1.22%)
	19 (0.52%)
	9 (1.27%)
	<.0001



	Stroke
	35 (0.45%)
	10 (0.51%)
	35 (0.95%)
	4 (0.57%)
	0.0109



	Death from any cause
	85 (1.09%)
	40 (2.03%)
	55 (1.50%)
	40 (5.66%)
	<.0001







Figure 1 demonstrates the cumulative incidence of ischemic events stratified by hs-TnT levels (1.39% vs. 2.59% vs. 3.40% vs. 5.66%, P < 0.001). Additionally, the cumulative incidence of cardiac death events stratified by hs-TnT levels was 0.65% vs. 1.23% vs. 1.78%vs. 3.96% (P < 0.001), and the cumulative incidence of all-cause death events was 1.09% vs. 1.50% vs. 2.03% vs. 5.66% (P < 0.001). The cumulative incidence of ischemic events, cardiac death events, and all-cause death events increased significantly with higher hs-TnT levels.


[image: Cumulative hazard graphs for ischemic events (A), cardiac death (B), and all-cause death (C) in patients. Each graph shows different hazard rates over a twelve-month follow-up period. Lines represent different groups: DM+ hsTnT ≥ 5 URL (red), Non DM+ hsTnT ≥ 5 URL (blue), DM+ hsTnT < 5 URL, and Non DM+ hsTnT < 5 URL. Log-rank p-value is < 0.001, indicating statistical significance.]
FIGURE 1
Cumulative incidence of ischemic events, cardiac death, and all-cause death stratified by hs-TnT levels.


Using RCS (Figure 2), we identified a liner relationship between and ischemic events (P for non-linearity = 0.16) and an inverse J-shaped relationship between hs-TnT and non-DM in ischemic events (P for non-linearity < 0.001). In the DM patients, the risk of ischemic events (P < 0.001) and all-cause death (P < 0.001) manifested a slow upward trend with the increase of hsTnT, but a significant difference was still seen at the cut-off of 5 URL. RCS analysis suggests a possible linear relationship between hsTnT and all-cause death events in non-DM patients (P for nonlinearity = 0.11). Figure 3 shows both the cumulative incidence and the hazard ratio of stroke according to hs-cTnT levels, which illustrates the relationship between hs-cTnT levels and the risk of stroke in patients with DM. This figure illustrates the relationship between hs-cTnT levels and the risk of stroke in non-DM patients.


[image: Graphs A and C show a linear increase in the hazard ratio of ischemic events and all-cause death with high sensitivity troponin T, with p-values indicating overall significance. Graphs B and D depict less linearity with similar parameters, showing statistical significance for nonlinearity in B and no significance in D. Pink shading indicates confidence intervals.]
FIGURE 2
Relationship between hs-TnT levels and ischemic events as well as all-cause death analyzed by restricted cubic spline (RCS).



[image: Two graphs labeled A and B show the relationship between high sensitivity troponin T and the hazard ratio of stroke. Both graphs display a curve with a shaded confidence interval. In Graph A, the curve shows a steady increase with an elevated hazard ratio above 1 as troponin levels rise. In Graph B, the curve is flatter with less pronounced increase, staying closer to a hazard ratio of 1.]
FIGURE 3
Predictive roles of hs-TnT levels for stroke events in patients with and without DM.




3.4 Clinical outcomes according to hs-TnT and DM status


3.4.1 Cox regression analysis

DM patients with hs-TnT levels ≥5 URL had a significantly higher adjusted HR for ischemic events (HR: 1.91, 95% CI: 1.19–3.09, P = 0.0079, P for interaction = 0.7773) and all-cause death (HR: 2.78, 95% CI: 1.62–4.76, P = 0.0002, P for interaction = 0.0125) (Table 3). Non-DM patients with hs-TnT levels ≥5 URL also showed a higher adjusted HR in ischemic events (HR: 2.32, 95% CI: 1.54–3.52, P < 0.0001) and cardiac death (HR: 1.98, 95% CI: 1.11–3.52, P = 0.0207). Besides following the adjustment for baseline covariates, higher levels of hs-TnT were associated with increased incidences of ischemic events and cardiac death stratified by DM status.



TABLE 3 Cox regression analyses of Hs-TnT and DM for predicting clinical outcomes.



	Outcomes
	hsTnT
	Adjusted hazard ratio (95% CI)
	P value
	P value for interaction



	<5 URL
	≥5 URL





	Ischemic events
	
	
	
	
	0.7773



	Diabetes mellitus
	2.59% (95/3,671)
	5.66% (40/707)
	1.91 (1.19–3.09)
	0.0079
	



	Non diabetes mellitus
	1.39% (109/7,824)
	3.40% (67/1,971)
	2.32 (1.54–3.52)
	<0.0001
	



	Cardiac death
	
	
	
	
	0.5808



	Diabetes mellitus
	1.23% (45/3,671)
	3.96% (28/707)
	2.00 (1.08–3.71)
	0.0285
	



	Non diabetes mellitus
	0.65% (51/7,824)
	1.78% (35/1,971)
	1.98 (1.11–3.52)
	0.0207
	



	Death from any cause
	
	
	
	
	0.0125



	Diabetes mellitus
	1.50% (55/3,671)
	5.66% (40/707)
	2.78 (1.62–4.76)
	0.0002
	



	Non diabetes mellitus
	1.09% (85/7,824)
	2.03% (40/1,971)
	1.50 (0.92–2.56)
	0.107
	



	Stroke



	Diabetes mellitus
	0.95% (35/3,671)
	0.57% (4/707)
	1.00 (0.91–1.10)
	0.99
	0.9438



	Non diabetes mellitus
	0.45% (35/7,824)
	0.51% (10/1,971)
	1.00 (0.94–1.07)
	0.96
	




	Model adjusted for age, gender, hypertension, previous myocardial infarction, previous percutaneous coronary intervention, previous stroke, smoking, type of ACS, anemia, eGFR, arterial access, coronary arteries treated, and number of stents.









3.4.2 Predictive roles of hs-TnT and DM for MACE across different ACS types

Table 4 shows the predictive roles of hs-cTnT and DM across different dignosis of ACS: UAP, NSTEMI, and STEMI. The adjusted HR and 95% CI are provided for ischemic events. For UAP, the HR for DM patients with hs-TnT ≥ 5 URL was 1.36 (95% CI: 0.42–4.37), which was not statistically significant. However, for NSTEMI and STEMI, DM patients with hs-TnT ≥ 5 URL had significantly higher HRs compared to those with hs-TnT < 5 URL (NSTEMI: HR: 1.21, 95% CI: 0.50–2.89; STEMI: HR: 2.89, 95% CI: 1.15–7.28). The P values for interaction were not significant for UA and NSTEMI but were significant for STEMI (P = 0.0246). The results indicated that among non-diabetic patients with NSTEMI, those with hs-TnT levels ≥5 × URL had a significantly higher risk of ischemic events compared to those with lower hs-TnT levels. Specifically, the adjusted hazard ratio (HR) for ischemic events was 2.23 (95% CI: 1.12–4.42, P = 0.0218). The results section should explicitly mention that NSTEMI in non-DM patients has predictive value.



TABLE 4 Predictive roles of hs-TnT and DM for MACE across different ACS types.



	Ischemic events
	hsTnT
	Adjusted hazard ratio (95% CI)
	P value
	P value for interaction



	<5 URL
	≥5 URL





	UA
	
	
	
	
	0.646



	Diabetes mellitus
	2.54% (69/2,713)
	3.95% (3/76)
	1.36 (0.42–4.37)
	0.6072
	



	Non diabetes mellitus
	1.43% (80/5,575)
	3.57% (6/168)
	2.01 (0.86–4.69)
	0.1069
	



	NSTEMI
	
	
	
	
	0.3229



	Diabetes mellitus
	3.30% (20/606)
	4.84% (9/186)
	1.21 (0.50–2.89)
	0.6727
	



	Non diabetes mellitus
	1.56% (20/1,285)
	4.28% (17/397)
	2.23 (1.12–4.42)
	0.0218
	



	STEMI
	
	
	
	
	0.7685



	Diabetes mellitus
	1.70% (6/352)
	6.29% (28/445)
	2.89 (1.15–7.28)
	0.0246
	



	Non diabetes mellitus
	0.93% (9/964)
	3.13% (44/1,406)
	2.86 (1.34–6.14)
	0.0068
	









3.4.3 Comparison of biomarkers in patients with DM and non-DM across different ischemic events

Table 5 compares the predictive roles of hs-cTnT and Creatine Kinase-MB (CK-MB) across different ischemic events in patients with and without DM. The adjusted HR and 95% CI are presented for ischemic events. For hs-cTnT, DM patients with levels ≥5 URL had a significantly higher HR compared to those with levels <5 URL (HR: 1.91, 95% CI: 1.19–3.09). Non-DM patients also showed a higher HR for levels ≥5 URL (HR: 2.32, 95% CI: 1.54–3.52). For CK-MB, the HRs were not significantly different between DM and non-DM patients for levels <1 URL and ≥1 URL. The P values for interaction were not significant for both hs-cTnT and CK-MB.



TABLE 5 Comparison of biomarkers in patients with DM and Non-DM across different ischemic events.



	Outcome
	Biomarker
	Adjusted hazard ratio (95% CI)
	P value
	P value for interaction



	hsTnT < 5 URL
	hsTnT ≥ 5 URL





	Ischemic events
	
	
	
	
	0.7773



	Diabetes mellitus
	2.59% (95/3,671)
	5.66% (40/707)
	1.91 (1.19–3.09)
	0.0079
	



	Non diabetes mellitus
	1.39% (109/7,824)
	3.40% (67/1,971)
	2.32 (1.54–3.52)
	<0.0001
	



	Outcome
	Biomarker
	Adjusted hazard ratio (95% CI)
	P value
	P value for interaction



	CKMB < 1 URL
	CKMB ≥ 1 URL



	Ischemic events
	
	
	
	
	0.7278



	Diabetes mellitus
	3.04% (122/4,011)
	3.54% (13/367)
	1.04 (0.59–1.86)
	0.8904
	



	Non diabetes mellitus
	1.74% (153/8,798)
	2.31% (23/997)
	1.23 (0.78–1.92)
	0.3734
	











4 Discussion

Our study, based on a large-scale real-world registry, explored the value of incorporating hs-cTnT and DM into the risk stratification system for ACS patients undergoing PCI in the context of contemporary therapies. The key findings are as follows: In diabetic patients, elevated hs-cTnT levels (≥5 × URL) were significantly associated with higher risks of ischemic events, cardiac death, and all-cause mortality. Specifically, compared with patients with hs-cTnT levels <1 × URL, those with hs-cTnT levels ≥5 × URL had a 1.91-fold (95% CI: 1.19–3.09) increased risk of ischemic events, a 2.00-fold (95% CI: 1.08–3.71) increased risk of cardiac death, and a 2.78-fold (95% CI: 1.62–4.76) increased risk of all-cause mortality. This highlights the prognostic value of hs-cTnT in identifying high-risk diabetic patients after PCI. Moreover, our study compared the predictive roles of hs-cTnT and CK-MB in diabetic and non-diabetic patients. The results showed that while hs-cTnT levels were significantly associated with the risk of ischemic events in diabetic patients, CK-MB levels did not show a significant difference, indicating that hs-cTnT may be a more sensitive marker for predicting ischemic events in diabetic patients. Further subgroup analyses revealed that the predictive value of hs-cTnT and DM varied among different types of ACS patients.

Even with optimal medical therapies, the recurrence rate of major adverse cardiovascular events (MACE) in ACS patients after PCI remains disappointingly high, reaching 20% in three years, and over a quarter of patients undergoing coronary interventions are diagnosed with DM (20–23). Recent research by numerous scholars highlights clinicians'growing concern for high-risk populations of such diseases (24–26). Previous studies have shown that low blood sugar levels can lead to a higher death rate among diabetic individuals (27). In HFrEF, diabetic patients exhibited elevated TnT levels compared to non-diabetic patients, whereas NT-proBNP levels were similar regardless of diabetes status (28). A significant finding of this large-scale retrospective cohort study is that the impact of hs-cTnT levels on all-cause mortality is more prominent in DM patients. Specifically, multivariable analysis showed that for every 1-fold increase in hs-cTnT levels, the risk of all-cause mortality in DM patients increased by 2.78 times (adjusted hazard ratio: 2.78, 95% CI: 1.62–4.76), highlighting the importance of diabetes status in evaluating the prognosis of ACS patients after PCI.

In this study, we employed a rigorous design, including multivariable Cox regression and restricted cubic spline analyses, to effectively address potential confounding factors. This approach not only strengthens the robustness of our findings but also provides a more nuanced understanding of the relationship between hs-cTnT levels and long-term outcomes in patients with DM.

While the findings of this study highlight the significant association between DM, elevated hs-cTnT levels, and mortality, it is essential to delve deeper into the potential biological mechanisms underlying this relationship. Hyperglycemia and chronic inflammation, both hallmarks of diabetes, may play a crucial role in amplifying the risks associated with elevated hs-cTnT levels. Elevated blood glucose levels can lead to advanced glycation end-products (AGEs) (29, 30), which contribute to oxidative stress and endothelial dysfunction. These changes may exacerbate MI and promote the release of cardiac troponins. Additionally, DM is associated with a pro-inflammatory state, characterized by elevated levels of cytokines such as TNF-α and IL-6 (31). This chronic inflammation can further impair cardiac function and increase the risk of adverse cardiovascular events. Future research should focus on elucidating these mechanisms and exploring potential therapeutic targets to mitigate the risks associated with elevated hs-cTnT levels in DM patients.

To address the comparability with prior studies, we have included additional biomarkers such as CK-MB in our analysis. As shown in Table 5, the predictive roles of hs-cTnT and CK-MB for ischemic events were compared across patients with and without diabetes mellitus. While hs-cTnT levels were significantly associated with increased risk of ischemic events in DM patients (adjusted HR: 1.91, 95% CI: 1.19–3.09), CK-MB levels did not show a significant difference between DM and non-DM patients (adjusted HR: 1.04, 95% CI: 0.59–1.86 for DM patients with CK-MB ≥ 1 URL). This suggests that hs-cTnT may be a more sensitive marker for predicting ischemic events in diabetic patients compared to CK-MB. These findings are consistent with previous studies that have demonstrated the superior sensitivity of hs-cTnT in detecting myocardial injury.

Our study confirms that elevated hs-cTnT levels and DM are associated with increased ischemic event risk post-PCI. Hs-cTnT serves as a specific indicator of heart muscle injury (32). The risk of cardiovascular ischemic events is heightened by both DM and Chronic Kidney Disease independently, as a result of the patients' pro-thrombotic and pro-inflammatory status (33, 34). Our larger cohort (14,173 patients) analyzed long-term outcomes and the interaction between hs-cTnT and DM status. Our use of restricted cubic spline analysis revealed a significant interaction between hs-cTnT and DM status, suggesting a stronger prognostic value in DM patients, possibly due to diabetes-related metabolic and inflammatory changes. Our study's larger sample size and advanced methods enhance the robustness of findings, highlighting the importance of considering DM status when evaluating hs-cTnT's prognostic value post-PCI.

The clinical value of this study lies in providing a new perspective and tool for risk assessment in patients with ACS following PCI. High-sensitivity cardiac troponins may serve as critical markers for identifying older adults at heightened risk of mortality, thereby proving instrumental in informing the clinical management of older adults diagnosed with diabetes (35). Clinical outcomes highlight that disturbances in systemic and cardiac glucose metabolism among DM patients significantly influence cardiac contractility and function, subsequently contributing to ventricular dysfunction (36). DM group exhibited elevated levels of inflammation-related biomarkers and a higher severity score, with a greater progression to severe coronary artery disease compared to non-DM group (37). The plasma concentration of epinephrine exhibited a significant reduction in individuals with diabetes compared to those without diabetes, and demonstrated a significant increase in DM subjects subsequent to both dapagliflozin (DAPA) and placebo administrations (38). Compared with previous studies, the unique contribution of this study is its large sample size and in-depth analysis of the prognostic impact in DM patients, which makes the findings more reliable. The results of this study may prompt clinicians to pay more attention to the comprehensive consideration of diabetes status and hs-cTnT levels when evaluating the post-PCI risk in ACS patients. For ACS patients with diabetes, especially those with significantly elevated hs-cTnT levels, it is recommended to enhance postoperative monitoring and management, and optimize secondary prevention measures for cardiovascular diseases, such as intensified antiplatelet therapy, blood glucose control, and lifestyle interventions.

Moreover, the study's focus on Chinese patients means that the findings may not be fully applicable to other ethnic groups. As an observational study, this research can only detect associations rather than prove causality. Although we adjusted for numerous potential confounders in the multivariable models, unmeasured confounding factors may still influence the results. Additionally, the inclusion and exclusion criteria of the study may further limit the extrapolation of the findings. For instance, patients with certain severe comorbidities were excluded from this study, meaning that the findings cannot be directly applied to these patient populations. Future research should consider including more diverse patient populations to enhance the representativeness and generalizability of the results.

In summary, our study underscores the need for future interventional studies to elucidate the causal relationships between elevated hs-cTnT levels, diabetes mellitus, and adverse cardiovascular outcomes, while highlighting the importance of personalized post-PCI monitoring and management strategies in DM patients with elevated hs-cTnT levels to improve their long-term outcomes.



5 Study limitations

Our study has several limitations. First, the limitations of this study primarily stem from its single-center design, which to some extent restricts the generalizability of the findings and necessitates validation through additional similar studies. Second, the study relied solely on hs-cTnT for evaluating MI, and the consistency of other biomarkers such as Troponin I, High-sensitivity cardiac Troponin I and Creatine Kinase in patients with diabetes remains to be further evaluated. Third, the study's focus on Chinese patients means that the findings may not be fully applicable to other ethnic groups. As an observational study, this research can only detect associations rather than prove causality. Although we adjusted for numerous potential confounders in the multivariable models, unmeasured confounding factors may still influence the results.



6 Conclusions

In patients with ACS who undergo PCI, elevated hs-cTnT levels and the presence of DM are each independently linked to a heightened likelihood of ischemic events and mortality. Specifically, the influence of hs-cTnT on mortality is more significant among DM patients.
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