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Background: Patients with ST-segment elevation myocardial infarction (STEMI) with diabetes mellitus (DM) had higher mortality and poorer prognosis than those without DM. Previous studies had demonstrated the effectiveness of regional network systems (RNS) for reperfusion therapy in patients with STEMI. However, the differences in nursing care with RNS in subgroups of patients with DM with STEMI were unclear. Our study aimed to evaluate the validity of RNS in reperfusion therapy in patients with STEMI with or without DM.

Methods: We retrospectively enrolled patients with STEMI who received reperfusion therapy at the chest pain center of the 920th Hospital in Kunming City, Yunnan Province from 2019 to 2021. Personal information and hospitalization information for patients with STEMI were collected through the chest pain center registration system. Univariate and multivariate logistic regression were used to analyze factors associated with outcomes in patients with STEMI who received RNS. Wilcoxon rank-sum test and chi-squared test were used to analyze the differences in reperfusion therapy times and clinical outcomes between RNS and non-RNS in patients with STEMI with or without DM.

Results: This study enrolled 1,054 patients with STEMI, including 148 patients with DM and 906 patients without DM. Logistic regression analysis indicated that DM was associated with patients with STEMI who received RNS [OR 1.590 95% CI (1.034–2.446), P = 0.035]. RNS may decrease the reperfusion therapy time in patients with STEMI and patients without DM with STEMI, including the first medical contact (FMC) to door, FMC to wire and FMC to catheterization laboratory activity (all P < 0.05). However, we found no significant difference in reperfusion therapy times with and without RNS in patients with DM (all P > 0.05).

Conclusion: Regional network systems may decrease the reperfusion therapy time in patients without DM with STEMI, but no decrease was found in patients with DM with STEMI.
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Introduction

Diabetes mellitus (DM) was an important and common chronic disease, which can cause metabolic disorders in patients, thus resulting in vascular inflammation, endothelial dysfunction and thrombosis (1). These mechanisms may be closely associated with an elevated risk of coronary heart disease and poor prognosis. Acute heart failure or cardiogenic shock accounted for more than 80% of the mortality in hospitalize patients with DM (2). Previous studies had reported that hospital mortality rates among patients with DM with ST-segment elevation myocardial infarction (STEMI) were more than twice those of patients without DM in men and were even higher in women (2–4). Compared with patients without DM, patients with DM had higher short-term and long-term mortality rates after heart attack (5). Therefore, these patients required better medical treatment to improve their condition.

A regional network system (RNS) in the United States, involving regional collaborative treatment programs based in hospitals able to provide percutaneous coronary intervention (PCI), as implemented by state or interstate units, had been independently associated with shorter admission times (6). Previous studies had found that RNS use can decrease the reperfusion therapy time in patients with STEMI (7–9). However, patients with STEMI and DM had poorer prognosis than those without DM, and the extent to which RNS might decrease the time of reperfusion therapy in patients with DM with STEMI was unclear.

The purposes of our study were (1) to retrospectively analyze whether RNS might improve the reperfusion therapy time for patients with STEMI with or without DM, and (2) to analyze factors associated with STEMI in patients with DM to understand and improve the treatment plans for these patients.



Materials and methods


Regional network system

The 920th Hospital is located in Kunming, an important central city in western China. Since its cardiology department first opened a rapid diagnosis and treatment channel for interventional diagnosis and treatment of AMI in Yunnan Province in 2003, the chest pain center (CPC) has been staffed by cardiology, emergency and ambulance pre-hospital first aid personnel in the core, joint radiology, laboratory and other related departments, and currently comprises 24 non-PCI network hospitals at the grass-roots level. A set of effective clinical pathways and a diagnostic operation flow were established; for example, a WeChat group between ambulances and network hospitals has been used to achieve timely transmission of pre-hospital electrocardiography (ECG) results and patient information to the center, thus providing a seamless connection between the green channel in the hospital and the pre-hospital first aid system. The preoperative preparation and catheterization can thus be completed before patients with STEMI and high-risk non-STEMI arrive at the hospital with emergency PCI indications. Patients can arrive directly at the catheter room, bypassing the emergency department and coronary care unit, thus greatly shortening the time before reperfusion treatment.



Study design

We retrospectively enrolled patients with STEMI who received reperfusion therapy at the CPC in the 920 Hospital in Kunming city between 2019 and 2021. Personal information and hospitalization information for patients with STEMI were collected through the CPC registration system, including age, sex, smoking history, DM history, admission status, cardiac function grade, complications (hypertension, hyperlipidemia, obesity, and family history of CVD, or coronary heart disease), remote ECG, thrombolytic therapy, clinical outcomes (hospitalization cost and time and discharge status) and reperfusion therapy time, including the first medical contact (FMC) to door (10), FMC to wire (11) and FMC to catheterization laboratory activity (CLA).

Patients with the following conditions were excluded: (1) AMI occurring in our hospital; (2) chest pain without symptoms or hemodynamic disorder lasting more than 12 h; (3) contraindications for antiplatelet or anticoagulation, such as active peptic ulcer, thrombocytopenia, severe coagulation dysfunction or hemorrhagic disease; (4) severe valvular heart disease, cardiomyopathy, severe infection or severe hepatorenal insufficiency; (5) allergy to contrast agents or stent materials; (6) refusal (of patients or family members) to accept emergency interventional examination; (7) missing information and data on diagnosis and treatment records. (8) Patients in the present study had a first STEMI and admitted within 12 h after symptom onset (FMC-door ≤ 12 h) (12, 13). The diagnostic criteria for type 2 DM were typical diabetes symptoms (polydipsia, polyuria, polyphagia or unexplained weight loss) and random venous plasma glucose ≥ 11.1 mmol/L, fasting venous plasma glucose ≥ 7.0 mmol/L or plasma glucose ≥ 11.1 mmol/L 2 h after an oral glucose tolerance test (14). AMI should be used when evidence of myocardial injury (defined as an elevation of cardiac troponin values with at least one value above the 99th percentile upper reference limit) is observed with necrosis in a clinical setting, findings are consistent with myocardial ischemia, or persistent chest discomfort or other symptoms indicating ischemia and ST segment elevation are observed in at least two adjacent leads—findings usually resulting in STEMI diagnosis (15, 16). We further divided the DM group and the non-DM group into an RNS group and No RNS group.

All patients provided informed consent for study participation, and the research study was approved by the Medical Ethics Committee of the 920 Hospital of Kunming Medical University (2015067).



Statistical analysis

Statistical analysis was performed in SPSS statistics version 26.0 (IBM Corp. Armonk, NY, USA). Continuous variables showing a normal distribution are presented as mean ± standard deviation, and continuous variables without a normal distribution are presented as median [interquartile range (IQR)]. We compared baseline characteristics between the RNS group and non-RNS group with Student’s t-test, Wilcoxon rank-sum test or chi-squared test. Univariate and multivariate logistic regression was used to analyze factors associated with outcomes in patients with STEMI who received RNS treatment. Wilcoxon rank-sum test and chi-squared test were used to analyze the differences in reperfusion therapy times and clinical outcomes in patients with STEMI with or without DM with RNS. All reported P-values were two-sided. We assumed significance at the 5% level (P < 0.05).




Results


Baseline characteristics

A flow chart of the selection process and dropouts in the present study was showed in Figure 1. A total of 1,054 patients with STEMI were enrolled, including 148 (14.0%) patients with diabetes and 906 (86.0%) patients without diabetes. Table 1 shows the baseline characteristics of patients with and without DM. Compared with patients without DM, the patients with DM included more women (36.5 vs. 23.3%, P = 0.001), and had greater hypertension (58.8 vs. 39.7%, P < 0.001) and less hyperlipidemia (35.8 vs. 45.8%, P = 0.023). A total of 114 (77.0%) patients with DM received RNS treatment, whereas 34 (23.0%) patients with DM did not. No significant differences were observed in most variables between the RNS and No RNS groups in both patients with and without DM. The RNS group, compared with the No RNS group, had less hypertension (38.3 vs. 47.3%, P = 0.042), and more patients received remote ECG (98.7 vs. 93.2%, P < 0.001) among patients with DM.
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FIGURE 1
Flow chart of selection process and dropouts of the present study. FMC-door, the first medical contact to door. RNS, regional network systems; DM, diabetes mellitus; STEMI, ST-segment elevation myocardial infarction.



TABLE 1    Baseline characteristics.

[image: Table 1]



Serological examination

Table 2 showed serological examination results for patients with STEMI with or without DM. Compared with patients without DM, patients with DM had higher triglyceride (TG) [1.30 (0.88–2.53) vs. 1.00 (0.69–1.49), P < 0.001]and lower high-density lipoprotein cholesterol (HDL-C) [1.15 (0.99–1.42) vs. 1.25 (1.05–1.50), P = 0.042]. Patients with STEMI who received RNS had lower troponin than those who did not and this result was observed in patients with or without DM. Meanwhile, we found that patients with STEMI who received RNS had lower TG [0.97 (0.66–1.42) vs. 1.20 (0.83–1.60), P = 0.024] in no-DM patients but no found in DM patients [1.36 (0.86–2.52) vs. 1.20 (1.07–3.00), P = 0.657].


TABLE 2    Serological examination between DM and no DM subjects.
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Clinical outcomes

Table 3 showed the clinical outcomes of patients with STEMI with or without DM. Compared with patients without DM, patients with DM had worse adverse outcomes (death or transfer) (12.2 vs. 5.6%, P = 0.003). However, no significant difference was observed between patients with or without DM in hospitalization time [10.00 (8.00–12.00) vs. 10.00 (8.00–13.00), P = 0.171] and hospitalization costs [35.00 (27.27–46.40) vs. 35.00 (28.32–43.69), P = 0.846]. We found no statistically significant differences in hospitalization time, hospitalization costs and adverse outcomes between the RNS and No RNS groups in both patients with and without DM (all P > 0.05).


TABLE 3    Clinical outcomes between DM and no DM subjects.
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Relate factors for receiving regional network systems in ST-segment elevation myocardial infarction patients

Univariate logistic regression analysis indicated that hospital state [0.525, 95%CI (0.320–0.860), P = 0.011], Killip classification [1.476, 95%CI (1.123–1.940), P = 0.005] and DM [1.553, 95%CI (1.018–2.367), P = 0.041] were associated with receiving RNS. Multivariate logistic regression analysis indicated that hospital state [0.515, 95%CI (0.311–0.853), P = 0.010], Killip classification [1.425, 95%CI (1.072–1.893), P = 0.015] and DM [1.590, 95%CI (1.034–2.446), P = 0.035] were still associated with receiving RNS (Table 4).


TABLE 4    Relate factors for RNS.
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Reperfusion therapy time with regional network systems in patients with and without diabetes mellitus

In the total population, RNS decreased the reperfusion therapy time in all patients with STEMI, including FMC-door [186 (140–282) vs. 220 (154–316), P = 0.002], FMC-wire [220 (169–314) vs. 247 (187–352), P = 0.005] and FMC-CLA [160 (114–257) vs. 197 (129–295), P = 0.003] (Figure 2). RNS also decreased the findings for patients without DM, including FMC-door [188 (140–284) vs. 229 (155–322), P = 0.001], FMC-wire [221 (169–315) vs. 255 (188–356), P = 0.004] and FMC-CLA [160 (114–257) vs. 201 (133–299), P = 0.003] (Figure 3). However, no statistically significant difference in reperfusion therapy time was observed between the No RNS group and RNS group in patients with DM (Figure 4).
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FIGURE 2
Reperfusion therapy time between RNS and non-RNS in all patients with STEMI. RNS, receive regional network system; NO-RNS, no receive regional network system; FMC-door, the first medical contact to door; FMC-CLA, FMC to catheterization laboratory activity.
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FIGURE 3
Reperfusion therapy time between RNS and non-RNS in patients without DM and with STEMI. RNS, receive regional network system; NO-RNS, no receive regional network system; FMC-door, the first medical contact to door; FMC-CLA, FMC to catheterization laboratory activity.
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FIGURE 4
Reperfusion therapy time between RNS and non-RNS in patients with DM and STEMI. RNS, receive regional network system; NO-RNS, no receive regional network system; FMC-door, the first medical contact to door; FMC-CLA, FMC to catheterization laboratory activity.





Discussion

We explored the RNS-associated differences in clinical characteristics, clinical outcomes and reperfusion therapy time among patients with STEMI with or without DM. This retrospective study indicated that RNS may decrease reperfusion therapy time in all patients with STEMI and in patients without DM with STEMI; however, no decrease was found in patients with DM with STEMI.

Diabetes mellitus was a major risk factor for cardiovascular disease that may nearly double the risk of AMI (17). DM and impaired glucose tolerance were common in patients with AMI. We identified 148 patients with DM and STEMI, accounting for 14%, a finding approximately consistent with the results of previous studies (18–21). Our study found that patients with DM had more hypertension, higher TG and lower HDL-C than those without DM. These cardiovascular factors may lead to poorer prognosis in patients with DM (22).

Over the past decade, advances in PCI and surgical techniques had greatly improved the treatment of patients with STEMI. The RNS had been demonstrated to effectively decrease reperfusion therapy time in STEMI patients, but the emergence of diabetes may lead to poor prognosis in patients with STEMI. However, it was unclear whether RNS might improve the management and prognosis of patients with DM and STEMI. Our study conducted the first exploration of the differences in reperfusion therapy time in patients with STEMI with or without DM according to the presence or absence of RNS. Logistic regression indicated that DM was associated with receipt of RNS. This indicated that patients with DM were more willing to accept RNS. It was not surprising. DM patients had worse prognosis and complications than no DM and better nursing strategies may be needed in DM patients. Physicians in RNS were familiar with STEMI nursing procedures, and can identify patients’ conditions and provide diagnosis and treatment in time. Our hypothesis was confirmed by serological examination results that patients with STEMI who received RNS had lower troponin, an important risk factor for the prognosis of AMI (23), than those who did not, and this result was observed in both DM and no DM patient. It suggested that RNS may timely diagnose and treat patients with DM, and effectively decrease the risk of poor prognosis to some extent.

Our study found that RNS may decrease reperfusion therapy time in STEMI patients without DM. It was not difficult to explain. Among patients without DM, a higher proportion of remote electrocardiograms were performed in patients with RNS compared with No RNS. Some studies showed that remote ECG can effectively predict the adverse outcome in patients with myocardial infarction and decrease reperfusion therapy time (24–26). RNS was therefore beneficial for the management of patients with STEMI without DM.

However, we found that RNS may not decrease reperfusion therapy time. Possible explanations based on the analyzed results for this finding may be that: (1) In DM patients, there was no difference in remote ECG between RNS group and No RNS group. Remote ECG was a crucial examination to identifying patients with STEMI and DM. One study showed that the incidence of first asymptomatic myocardial infarction and asymptomatic myocardial infarction accounted for 25% of all myocardial infarction in DM patients with no history of atherosclerotic events (27). A study reported that ECG changes in patients with myocardial infarction with DM were not typical, which also caused delays in treatment (28). It suggested that the condition of patients with DM has been suggested to require special management in many aspects beyond ECG. (2) We believe that triglyceride (TG) was also one of the factors. One study found that TG may be an independent risk factor and predictor of DM (29), and another study reported that increasing TG levels within the normal range also led to a sustained increase in the incidence of DM in healthy individuals without metabolic syndrome. These findings indicated that almost everyone may benefit from lower TG. We found that there was no significant difference in TG between RNS and No RNS patients in DM patients. However, RNS group had lower TG in patients without DM, indicating that it was insufficient for RNS in the treatment of blood lipids in DM patients. (3) When patients with DM presented with symptoms of myocardial infarction, their symptoms were often atypical or unusual (30, 31), and their chest pain might not have corresponded to that typical of a heart attack. And it was associated with cardiac autonomic neuropathy, a complication of diabetes, may lead to changes in pain perception (32).


Limitations

This study had some limitations. First, these data represented relatively small hospital samples and may partially explain the effects of RNS on reperfusion therapy in patients with STEMI with or without DM, but our result found that there was no significant decreasing trend in reperfusion therapy time in patients with DM. A further increase in sample size is necessary for analysis. Second, we might not have considered all relevant confounding factors, and we could not rule out the possibility of reverse causality. Finally, some patients with DM had type 1 DM, but we were unable to perform subgroup analysis to analyze the effects of RNS on the reperfusion therapy time between the two types of diabetes.




Conclusion

RNS may decrease the reperfusion therapy time in patients with STEMI and without DM. However, we observed no decrease in patients with STEMI and DM, who required enhanced diagnostic procedures and aggressive treatment strategies, including ECG detection and treatment of dyslipidemia. Clinicians must pay attention to prevention strategies, particularly to eliminate modifiable risk factors in patients with AMI and DM. Careful assessment of patients with diabetes and adequate education for the target population are necessary to improve overall survival (33, 34).
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Data are presented as the mean (standard deviation) or median (interquartile range); serological examination parameters the maximum values at examination.
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systems.
Bold values represent significant p values.
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Variable No DM (n =906) DM (n = 148) DM vs. no DM

All subjects RNS No RNS P-value* All subjects RNS No RNS P-value* P-value
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Data are presented as the mean (standard deviation) or median (interquartile range) and were analyzed with Student’s ¢-test or Wilcoxon’s rank-sum test.
DM, diabetes mellitus; discharge condition, the doctor assessed the patient’s condition before discharge. No DM, without diabetes mellitus; RNS, regional network systems; No RNS, without regional network systems.
Bold values represent significant p values.
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