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Beta-blockers have been considered as an effective treatment in secondary prevention of coronary heart disease (CHD). However, there is still disputed whether β-blockers can increase all-cause mortality in patients with coronary heart disease and diabetes mellitus (DM). Here, our systematic review and meta-analysis is aiming to assess the effects of β-blockers on all-cause mortality in patients with coronary heart disease and diabetes mellitus. Four databases (PubMed, Embase, Cochrane Library and Web of Science) and other sources were searched to collect randomized controlled trials (RCTs) and cohort studies related to the treatment of β-blockers for coronary heart disease and diabetes mellitus patients. We further evaluated quality of evidence using the grading of recommendations assessment, development, and evaluation (GRADE) approach. Finally, a total of 16,188 records were identified, and four randomized controlled trials and six cohort studies (206,490 patients) were included. Random effects analysis revealed that β-blockers combined with routine treatment (RT) significantly decreased all-cause mortality in patients with coronary heart disease and diabetes mellitus compared with RT in control group (RR 0.59, 95% CI 0.47 to 0.75; p < 0.000 01; I2 = 72%). Subgroup analysis of all-cause mortality by the subtype of diabetes mellitus and definite MI patients (RR 0.54, 95% CI 0.45 to 0.65, p < 0.000 01, I2 = 29%) and the subtype of randomized controlled trials (RR 0.49, 95% CI 0.32 to 0.76, p = 0.001, I2 = 0%) indicated a relatively small heterogeneity and stable results. β-blockers application significantly reduced cardiovascular death as well (RR 0.56, 95% CI 0.42 to 0.74; p < 0.000 1; I2 = 0%). Our meta-analysis provided critical evidence of β-blockers treatment for patients with coronary heart disease (especially MI type) and diabetes mellitus, and discussed the advantages and potential metabolic risks for the clinical use of β-blockers. This study suggested that β-blockers application may improve all-cause mortality and cardiovascular death in coronary heart disease (especially MI type) and diabetes mellitus patients. However, given a small number of included studies, the aforementioned conclusion should be confirmed in a multi-center, large-scale, and strictly designed trial.
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1 INTRODUCTION
Diabetes mellitus (DM) has long been treated as a comorbidity that affects the development and progression of coronary heart disease (CHD) (Arnold et al., 2020). Patients with DM increase the 2- to 4-fold risk of CHD, and around two-thirds of deaths are due to cardiovascular diseases (Goldfine and Beckman, 2008). Therefore, CHD patients with DM occupy a considerable proportion in the CHD population. In recent years, researchers have paid more attention to the potential treatment choices in the medical managements of CHD patients with DM (Arnold et al., 2020). Both secondary prevention strategies and glycemic managements play vital roles in the treatment of diseases. However, it is still unclear whether diabetic patients with CHD benefit from the combined managements (Fonseca, 2000; Cosentino et al., 2020).
Beta-adrenergic receptor blockers (β-blockers) have been advocated for the whole spectrum of CHD in guidelines and widely used in clinical medications in CHD patients (Ryden et al., 2013; Joseph et al., 2019). β-blockers can relieve symptoms of angina pectoris (Fox et al., 2006) and effectively improve the prognosis (reinfarction, sudden death and heart failure) in post-myocardial infarction (MI) patients with DM (Kjekshus et al., 1990). However, a prospective observational study has recently indicated that long-term β-blockers application may be associated with an increased risk of all-cause mortality for DM patients with CHD (Tsujimoto et al., 2017), as well as an increased risk for cardiovascular events in post-hoc analysis of a large-scale RCT (Tsujimoto et al., 2017). The rationality of β-blockers use in CHD patients with DM has been questioned and needs further assessment.
Here, we critically evaluated all-cause mortality and cardiovascular death of all the β-blockers in treating CHD combined with DM. A systematic review method was implemented by searching the databases, applying strict criteria, assessing the methodological quality, and evaluating outcomes.
2 MATERIALS AND METHODS
This review protocol was registered on PROSPERO (CRD 42022370904).
2.1 Criteria for considering the studies in this review
2.1.1 Types of studies
Randomized controlled trials (RCTs) or cohort studies published in English.
2.1.2 Types of participants
The patients that were identified according to CHD and diabetes diagnostic criteria, which were similar to previously published guidelines (Ryden et al., 2013; Cosentino et al., 2020), were eligible for inclusion in this study. Stable CHD, myocardial infarction (MI) or unstable angina pectoris combined with type 1 diabetes, type 2 diabetes or other types of diabetes were all included in the systematic review.
2.1.3 Types of interventions in the experimental and control groups
The intervention in the experimental group included β-blockers and should be combined with the routine treatment (RT) of the control group. The intervention in the control group was the RT therapy without any β-blocker (non-users). RT should be the regular medications of glucose-lowering agents, lipid-lowering agents, antiplatelet and antithrombotic drugs as well as the management of arrhythmias and hypertension according to the guidelines (Ryden et al., 2013; Cosentino et al., 2020).
2.1.4 Types of outcome measures
The primary outcome was defined as the measure of all-cause mortality. The additional outcomes observed included cardiovascular death and adverse effects.
2.2 Information sources and search strategy
The search was applied to the following four databases: PubMed, Embase, Cochrane Library and Web of Science, from the inception of each electronic database to 25 September 2022. Additional identification was conducted for all eligible trials by other searching methods from websites and citations. The following terms were used as the mesh terms or the free terms, for example, “diabetes mellitus”, “adrenergic beta-antagonist” and “β blocker.” The searching strategy in PubMed was performed as in Table 1 and detailed searching strategies were shown in Supplementary Table S1.
TABLE 1 | Searching strategy in PubMed.
[image: Table 1]2.3 Study selection
Two investigators (SQC and PHT) independently performed a literature search according to the predetermined criteria in the Endnote 20 software. Initially, duplications were checked in all included databases and then removed from the original search results. Furthermore, the apparently irrelevant studies were excluded after reading the titles and abstracts. Finally, the unqualified studies were further excluded via screening the full-texts. The process of study selection was cross-checked by two researchers. Any disagreement in study selection was discussed and resolved in a consensus meeting with the corresponding author (ZJL).
2.4 Data extraction
After the selection, two authors (PHT and DNE) independently extracted data from the included studies via using a standardized sheet prepared for this review. The extracted data included the research title, year of publication, name of the first author, study types, disease types, sample size and interventions in the treatment and control groups, treatment duration or follow-up and outcome measures.
2.5 Risk of bias in individual studies
Two authors (PHT and DNE) independently assessed the quality of RCTs using assessment tools provided by the handbook of Cochrane Collaboration to evaluate the methodological quality of included studies, involving the blinding of outcomes assessment (i.e., detection bias), the blinding of participants and personnel (i.e., performance bias), the random sequence generation (i.e., selection bias), the allocation concealment (i.e., selection bias), the incomplete outcomes data (i.e., attrition bias), the selective reporting (i.e., reporting bias) and other biases. We also defined the following three situations as other biases: 1) whether the funder of the study has a stake in the outcome of the study, 2) whether the clinical trial was terminated early due to treatment benefit or side effects, and 3) whether the baseline is balanced for factors closely related to the outcome that we concerned. The quality of cohort studies was assessed via the Newcastle-Ottawa Scale (NOS), involving three aspects of selection (four points), comparability (two points) and outcome assessment (three points) for a total of nine points (Wells et al.). The high, moderate and low quality were scored as 7–9 points, 3–6 points and 0–3 points (Arab et al., 2019). Disagreements were resolved by consensus with the corresponding author (ZJL).
2.6 Strategy for data synthesis
2.6.1 Statistical analysis
Review Manager 5.3 software provided by the Cochrane Collaboration was used to conduct data analysis. Dichotomous data of the outcome measures were calculated as the risk ratios (RR) and the 95% confidence interval (CI). p < 0.05 was considered to indicate a statistically significant difference.
2.6.2 Assessment of heterogeneity
The heterogeneity of the included studies was analyzed with the χ2 test. When I2 ≤ 50%, a small heterogeneity was considered among the studies, and the fixed effects model was used for data analysis. In case the statistical heterogeneity was I2>50%, the random effects model was used and the sources of heterogeneity were measured. Subgroup analysis was performed in the presence of clinical heterogeneity, such as subtypes of CHD or different study types.
2.6.3 Sensitivity analysis
The sensitivity analysis was performed with Stata software, version 13.0. Following the comparison of the pooled statistics after eliminating included studies one-by-one, certain differences could be found. We also conducted analysis by excluding RCTs with unclear risk of bias or low quality and cohort studies which were graded as low quality. Sensitivity analysis was also conducted to explore the stability of the results.
2.6.4 Publication bias
Funnel plots were built to assess publication bias with more than 10 studies included. The Egger’s linear regression test and Begg’s test were used to further evaluate the symmetry of funnel plots. A qualified result of p > 0.05 in Egger’s and Begg’s tests indicated that no publication bias existed.
2.7 GRADE of evidence
Two authors (PHT and DNE) independently assess quality of evidence via grading of recommendations assessment, development, and evaluation (GRADE) system. GRADE can be classified as high, moderate, low, or very low qualities according to the judgment of the risk of bias, inconsistency, indirectness, imprecision, publication bias and other considerations. Summary of Findings (SOF) tables were produced by the online tool (GRADEpro GDT).
3 RESULTS
3.1 Study selection
A total of 1,6186 articles were retrieved from four electronic databases and two additional records were identified through other sources. After the removal of 4,148 duplicates, 12,040 potentially relevant articles remained for subsequent assessment. Following evaluating titles and abstracts, 11,920 articles were excluded. A total of 111 out of 120 remaining articles were excluded following the investigation of the full articles. Finally, nine publications including ten studies were included in the meta-analysis. A flow chart indicated the search process and study selection shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flow chart for searching and screening of the articles.
3.2 Study characteristics
A total of 16,186 records were identified and nine articles (Group, 1983; Gundersen and Kjekshus, 1983; Malmberg et al., 1989; Kjekshus et al., 1990; Karlson et al., 1994; Jonas et al., 1996; Gottlieb et al., 1998; McDonald et al., 2005; Tsujimoto et al., 2018) were included, covering 206,490 participants. Two different studies (Malmberg and MIAMI studies) were involved in one article (Malmberg et al., 1989). All included studies were published from 1983 to 2018. Four RCTs (Group, 1983; Gundersen and Kjekshus, 1983; Malmberg et al., 1989) and six cohorts (Kjekshus et al., 1990; Karlson et al., 1994; Jonas et al., 1996; Gottlieb et al., 1998; McDonald et al., 2005; Tsujimoto et al., 2018) were included in the meta-analysis. The sample size of the included RCTs varied from 36 to 305 subjects, and the duration of β-blocker treatment (containing metoprolol, pindolol and timolol) ranged from 15 days to 2 years. The disease diagnoses of these four RCTs were definite MI combined with DM. In the cohort studies, the sample size varied from 70 to 82,752 subjects, and the applications of β-blocker were not specifically referred to any subtype. The max follow-up period ranged from 1 to 10 years, and two of the cohort studies (Karlson et al., 1994; Tsujimoto et al., 2018) included CHD/DM patients of all kinds, and patients in other four cohorts (Kjekshus et al., 1990; Jonas et al., 1996; Gottlieb et al., 1998; McDonald et al., 2005) were diagnosed with definite MI and DM. Further details regarding the characteristics of the included studies were shown in Table 2.
TABLE 2 | Characteristics of the included studies.
[image: Table 2]3.3 Risk of bias and methodological quality
According to the assessment Cochrane ROB tool, the included four RCTs displayed methodological bias (Figure 2). All the included studies were described as “randomized” studies; two of them (Malmberg et al., 1989) reported using the “random number table.” The allocation concealment was also conducted in two studies (Malmberg et al., 1989), while the other two studies (Group, 1983; Gundersen and Kjekshus, 1983) were not clear. All of the studies reported the blinding of the participants and personnel, but only two studies reported the blinding of the outcome assessment (Malmberg et al., 1989). The data in the results were the same as the data in the original sources and no incomplete data were reported in the texts. Therefore, the incomplete outcome data were graded as low risks of bias. Also, the expected outcome indicators were reported and the selective reporting bias was defined as low risks of bias. We also evaluated the other biases, and the result showed that two of the included RCTs (Group, 1983; Gundersen and Kjekshus, 1983) did not specify the sources of funding and the other two (Malmberg et al., 1989) were funded by the pharmaceutical company unaware of the relationship with β-blockers. Therefore, we considered the other biases as unclear risk of bias.
[image: Figure 2]FIGURE 2 | Risk of bias graph.
Six cohort studies were assessed by NOS and the details were shown in Table 3. According to the scores, all cohort studies were graded as high qualities.
TABLE 3 | The quality of cohort studies assessed via NOS.
[image: Table 3]3.4 Outcome measures
3.4.1 All-cause mortality of disease subtypes
In total, ten studies reported the outcome of all-cause mortality. Eight studies (Group, 1983; Gundersen and Kjekshus, 1983; Malmberg et al., 1989; Kjekshus et al., 1990; Karlson et al., 1994; Gottlieb et al., 1998; McDonald et al., 2005) included MI and DM patients, two studies (Jonas et al., 1996; Tsujimoto et al., 2018) included patients with DM and CHD, which were not specifically referred to MI. Subgroup meta-analysis was performed due to the varied disease subtypes and a large total heterogeneity (I2 = 72%). The random effects model was used in the meta-analysis. As shown in Figure 3, the combination of β-blockers with RT therapy performed better in reducing all-cause mortality in patients with DM and CHD (RR 0.59, 95% CI 0.47 to 0.75; p < 0.000 01; I2 = 72%). Results of different subgroups showed β-blockers with RT therapy in DM and MI patients (RR 0.54, 95% CI 0.45 to 0.65; p < 0.000 01; I2 = 29%) and in DM and CHD (not specific MI) patients (RR 0.87, 95% CI 0.36 to 2.14; p = 0.76; I2 = 95%). Therefore, it could be used to improve all-cause mortality for DM and CHD, and the heterogeneity among DM and MI subgroup reduced to 29%.
[image: Figure 3]FIGURE 3 | All-cause mortality of the included studies in disease subtypes.
3.4.2 All-cause mortality of study types
Four studies (Group, 1983; Gundersen and Kjekshus, 1983; Malmberg et al., 1989) were RCTs, and six studies (Kjekshus et al., 1990; Karlson et al., 1994; Jonas et al., 1996; Gottlieb et al., 1998; McDonald et al., 2005; Tsujimoto et al., 2018) were cohort studies. Subgroup meta-analysis was performed due to the study types and a large total heterogeneity (I2 = 72%). The random effects model was used in the meta-analysis. Results of different subgroups showed β-blockers with RT therapy in RCTs (RR 0.49, 95% CI 0.32 to 0.76; p = 0.001; I2 = 0%) and cohort studies (RR 0.62, 95% CI 0.47 to 0.82; p = 0.000 6; I2 = 83%), as shown in Figure 4. Therefore, it could be used to improve all-cause mortality for DM and CHD of all the study types, and the heterogeneity among RCT subgroup reduced to 0%.
[image: Figure 4]FIGURE 4 | All-cause mortality of the included studies in study types.
3.4.3 Cardiovascular death
Three studies (Gundersen and Kjekshus, 1983; Kjekshus et al., 1990; Jonas et al., 1996) reported cardiovascular death. As shown in Figure 5, the results indicated that β-blocker with RT therapy caused a significant decrease in cardiovascular death (RR 0.56, 95% CI 0.42 to 0.74; p < 0.0001; I2 = 0%).
[image: Figure 5]FIGURE 5 | Cardiovascular death of the included studies.
3.4.4 Adverse effects
One study (Gundersen and Kjekshus, 1983) reported adverse effects both in timolol treatment group and placebo group. Three heart failure cases, one atrioventricular block (II-III) case, six cold hands and feet cases, two cerebrovascular cases and three claudication cases were reported in timolol treatment group. One heart failure case, two atrioventricular block (II-III) cases, two hypoglycemia cases, three cerebrovascular cases and two claudication cases were reported in placebo control group. Further details were warranted to perform the assessment of causality and severity of the adverse effects.
3.4.5 Sensitivity analysis
The corresponding pooled all-cause mortality varied from 0.56 (0.40, 0.79) [excluding Gottlieb 1998 (Gottlieb et al., 1998)] to 0.61 (0.47, 0.80) [excluding McDonald 2005 (McDonald et al., 2005)]. Results were shown in Figure 6. After excluding RCTs (Group, 1983; Gundersen and Kjekshus, 1983) with unclear risks of randomization, allocation concealment and blinding of outcome assessment, the result of all-cause mortality was also stable [0.56 (0.39, 0.81)]. After excluding one cohort study (Tsujimoto et al., 2018) with significantly different findings from others, the result of all-cause mortality was also stable [0.56 (0.49, 0.64)], but the heterogeneity reduced from 72% to 27%, which showed the source of heterogeneity. After sensitivity analysis, the results did not influence the stability of the overall all-cause mortality 0.59 (0.47, 0.75) estimated in this meta-analysis.
[image: Figure 6]FIGURE 6 | Sensitivity analysis in all-cause mortality.
3.4.6 Publication bias
Due to a small number of four RCTs and six cohort studies included in our analysis, the funnel plot failed to accurately reflect the asymmetry and was not used to illustrate publication bias. The results of the Begg’s test (p = 1.000) and the Egger’s test (p = 0.564) demonstrated no evidence of significant publication bias. In general, considering only ten included studies, the results of publication bias may be not stable.
3.4.7 GRADE
The quality of evidence was evaluated with GRADE system, and most of the outcomes were considered as the low score. The outcomes exhibited the low or very low evidence due to the unspecific risk of biases, the large heterogeneity, the wide confidence interval, low sample size and/or potential publication bias, as shown in Table 4.
TABLE 4 | GRADE quality of evidence summary table.
[image: Table 4]4 DISCUSSION
In the current systematic review and meta-analysis, we analyzed data of 206,490 patients from ten studies of nine publications, which indicated that β-blockers application induced all-cause mortality decreasing in patients with CHD and DM. We carried out the subgroup analysis of different disease types and research types, demonstrating that subgroups for DM and definite MI participants or RCTs had a robust outcome and a small heterogeneity for all-cause mortality decline. Furthermore, use of β-blockers in patients with CHD and DM can also reduce cardiovascular death. The adverse effects for timolol were described detailly in one study (Gundersen and Kjekshus, 1983) but cannot be further assessed for their causality. Sensitivity analysis indicated that none of the included studies interfered with the stability of the combined all-cause mortality.
β-blockers have been recommended in recent guidelines as a routine management for chronic coronary syndromes (Knuuti et al., 2020) or chronic HF with reduced ejection fraction (Yancy et al., 2017). Previous studies have revealed that both early-use and long-term therapies of β-blockers significantly reduced reinfarction and death among post-MI patients (Andersson et al., 2014; Bangalore et al., 2014; Puymirat et al., 2016; Kim et al., 2020). In addition, specific β-blockers such as metoprolol achieved a reduction in reinfarction and ventricular fibrillation in acute MI (Chen et al., 2005). Evidence of β-blockers in favor of patients with CHD combined with DM has been obtained in this meta-analysis. The possible mechanisms of the effectiveness, the interpretation of the results and potential risks are discussed below.
β-blockers can block adrenergic beta receptor and act directly on human heart, leading to a reduction in heart rate, contractility and myocardial oxygen demand (Yoshikawa et al., 1996). As a result of the myocardial protective effects, β-blockers have been regarded as first-line therapy in angina and other ischemic heart diseases, and also identified effectively in CHD (especially MI type) and DM patients in this study. In addition to the different disease types and research types detected as the main sources of heterogeneity, we found that one cohort study (Tsujimoto et al., 2018) provided significant different findings from others, which showed the source of heterogeneity as well. Through reading this study (Tsujimoto et al., 2018), we detected that the included participants were diagnosed with CHD (the definition of a previous diagnosis of CHD, MI or angina pectoris in the original article) and DM, which were different from the other studies mainly in MI and DM patients. Considering the various subtypes of CHD, our systematic review may partially present the results of MI due to the limited number of included articles. It still needs further assessment in the whole CHD or other subtypes such as angina pectoris.
Commonly used β-blockers are classified into two types: non-vasodilating, selective β1-antagonists (e.g., metoprolol, bisoprolol and atenolol) and β-blockers with vasodilating properties (e.g., carvedilol, labetalol and nebivolol) (Toda, 2003). Selective β1-antagonists may have negative metabolic effects by increasing insulin resistance (Kovacic et al., 2008), weight gain (Leslie et al., 2007) and masking severe hypoglycaemic symptoms (Dungan et al., 2019), which is more likely to occur in concomitant diabetic patients. In DM patients with CHD or heart failure, the use of β-blockers was indicated the association with an increased risk for cardiovascular events, as well as the incidence of severe hypoglycemia (Tsujimoto et al., 2017). Previous study has also found that severe hypoglycemia was strongly associated with increased risks of adverse clinical outcomes including death in patients with type 2 diabetes (Zoungas et al., 2010). Although this systematic review has demonstrated that we can take advantage of the usage and achieve long-term survival benefits in CHD and concomitant DM patients, considering the negative metabolic side-effects of β-blockers, doctors and pharmacists should strengthen the monitoring of adverse drug reactions such as the hypoglycemia symptoms especially in diabetic patients.
The limitations of this systematic review could be summarized in the following four aspects: First of all, the number of studies included in the meta-analysis was considerably small, and only four RCTs and six cohort studies were involved in the meta-analysis. Moreover, the heterogeneity of all-cause mortality among all the CHD studies was relatively high. Due to a lower heterogeneity detected in the subgroup analysis, results of all-cause mortality may be more convincing in DM and MI patients. Patients in DM and CHD (not specific MI) showed a rather high heterogeneity, which may lead to unstable results and needs further assessment. Furthermore, only ten studies included in the meta-analysis may augment the publication bias. Finally, we predetermined the sources of heterogeneity from disease subtypes and research types in this review, with more studies added in the future, specific β-blocker types, different follow-up periods and multiple types of CHD should be considered for subgroup analysis.
5 CONCLUSION
In summary, the present meta-analysis demonstrated that β-blockers can be used to reduce all-cause mortality in patients with CHD and DM, especially in patients with MI and DM. Moreover, it may also ameliorate cardiovascular death. However, multicenter, large-scale, specific β-blocker application and strictly designed trials are still required to confirm these findings and identify the differences of β-blockers in clinical use. This systematic review has provided evidence for the usage of β-blockers in treating patients with CHD and DM.
AUTHOR CONTRIBUTIONS
ZL designed the research and supervised the whole process. SC and PT conducted the literature searching and selection. PT and DE extracted and analyzed the outcomes. PT and DE assessed the risk of bias. SC drafted the manuscript. PT and DE detected any mistake in the entire process. All authors have approved the final manuscript for submission. SC, PT, and DE are co-first authors.
FUNDING
This work was supported by National Natural Science Foundation of China Grants U21A20336, 81820108031 and 91939301; the National Key Research and Development Program of China (grant number 2022YFC2600024); Beijing Municipal Natural Science Foundation Grants 7222218; and Medical research management/basic and clinical research unit of metabolic cardiovascular diseases, Chinese Academy of Medical Sciences Grant 2021RU003.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcell.2023.1076107/full#supplementary-material
REFERENCES
 Andersson, C., Shilane, D., Go, A. S., Chang, T. I., Kazi, D., Solomon, M. D., et al. (2014). β-blocker therapy and cardiac events among patients with newly diagnosed coronary heart disease. J. Am. Coll. Cardiol. 64 (3), 247–252. doi:10.1016/j.jacc.2014.04.042
 Arab, A., Mehrabani, S., Moradi, S., and Amani, R. (2019). The association between diet and mood: A systematic review of current literature. Psychiatry Res. 271, 428–437. doi:10.1016/j.psychres.2018.12.014
 Arnold, S. V., Bhatt, D. L., Barsness, G. W., Beatty, A. L., Deedwania, P. C., Inzucchi, S. E., et al. (2020). Clinical management of stable coronary artery disease in patients with type 2 diabetes mellitus: A scientific statement from the American heart association. Circulation 141 (19), e779–e806. doi:10.1161/CIR.0000000000000766
 Bangalore, S., Bhatt, D. L., Steg, P. G., Weber, M. A., Boden, W. E., Hamm, C. W., et al. (2014). β-Blockers and cardiovascular events in patients with and without myocardial infarction: Post hoc analysis from the CHARISMA trial. Circ. Cardiovasc Qual. Outcomes 7 (6), 872–881. doi:10.1161/CIRCOUTCOMES.114.001073
 Chen, Z. M., Pan, H. C., Chen, Y. P., Peto, R., Collins, R., Jiang, L. X., et al. (2005). Early intravenous then oral metoprolol in 45, 852 patients with acute myocardial infarction: Randomised placebo-controlled trial. Lancet 366 (9497), 1622–1632. doi:10.1016/s0140-6736(05)67661-1
 Cosentino, F., Grant, P. J., Aboyans, V., Bailey, C. J., Ceriello, A., Delgado, V., et al. (2020). 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD. Eur. Heart J. 41 (2), 255–323. doi:10.1093/eurheartj/ehz486
 Dungan, K., Merrill, J., Long, C., and Binkley, P. (2019). Effect of beta blocker use and type on hypoglycemia risk among hospitalized insulin requiring patients. Cardiovasc Diabetol. 18 (1), 163. doi:10.1186/s12933-019-0967-1
 Fonseca, V. A. (2000). Risk factors for coronary heart disease in diabetes. Ann. Intern Med. 133 (2), 154–156. doi:10.7326/0003-4819-133-2-200007180-00015
 Fox, K., Garcia, M. A., Ardissino, D., Buszman, P., Camici, P. G., Crea, F., et al. (2006). Guidelines on the management of stable angina pectoris: Executive summary: The task force on the management of stable angina pectoris of the European society of cardiology. Eur. Heart J. 27 (11), 1341–1381. doi:10.1093/eurheartj/ehl001
 Goldfine, A. B., and Beckman, J. A. (2008). Life and death in Denmark: Lessons about diabetes and coronary heart disease. Circulation 117 (15), 1914–1917. doi:10.1161/CIRCULATIONAHA.108.767681
 Gottlieb, S. S., McCarter, R. J., and Vogel, R. A. (1998). Effect of beta-blockade on mortality among high-risk and low-risk patients after myocardial infarction. N. Engl. J. Med. 339 (8), 489–497. doi:10.1056/nejm199808203390801
 Group, A. a. S. P. S. (1983). The effect of pindolol on the two years mortality after complicated myocardial infarction. Eur. Heart J. 4 (6), 367–375.
 Gundersen, T., and Kjekshus, J. (1983). Timolol treatment after myocardial infarction in diabetic patients. Diabetes care 6 (3), 285–290. doi:10.2337/diacare.6.3.285
 Jonas, M., Reicher-Reiss, H., Boyko, V., Shotan, A., Mandelzweig, L., Goldbourt, U., et al. (1996). Usefulness of beta-blocker therapy in patients with non-insulin- dependent diabetes mellitus and coronary artery disease. Am. J. Cardiol. 77 (15), 1273–1277. doi:10.1016/s0002-9149(96)00191-9
 Joseph, P., Swedberg, K., Leong, D. P., and Yusuf, S. (2019). The evolution of beta-blockers in coronary artery disease and heart failure (Part 1/5). J. Am. Coll. Cardiol. 74 (5), 672–682. doi:10.1016/j.jacc.2019.04.067
 Karlson, B. W., Herlitz, J., and Hjalmarson, A. (1994). Impact of clinical trials on the use of beta blockers after acute myocardial infarction and its relation to other risk indicators for death and 1-year mortality rate. Clin. Cardiol. 17 (6), 311–316. doi:10.1002/clc.4960170608
 Kim, J., Kang, D., Park, H., Kang, M., Park, T. K., Lee, J. M., et al. (2020). Long-term beta-blocker therapy and clinical outcomes after acute myocardial infarction in patients without heart failure: Nationwide cohort study. Eur. Heart J. 41 (37), 3521–3529. doi:10.1093/eurheartj/ehaa376
 Kjekshus, J., Gilpin, E., Cali, G., Blackey, A. R., Henning, H., and Ross, J. (1990). Diabetic patients and beta-blockers after acute myocardial infarction. Eur. Heart J. 11 (1), 43–50. doi:10.1093/oxfordjournals.eurheartj.a059591
 Knuuti, J., Wijns, W., Saraste, A., Capodanno, D., Barbato, E., Funck-Brentano, C., et al. (2020). 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur. Heart J. 41 (3), 407–477. doi:10.1093/eurheartj/ehz425
 Kovacic, D., Marinsek, M., Gobec, L., Lainscak, M., and Podbregar, M. (2008). Effect of selective and non-selective beta-blockers on body weight, insulin resistance and leptin concentration in chronic heart failure. Clin. Res. Cardiol. 97 (1), 24–31. doi:10.1007/s00392-007-0571-3
 Leslie, W. S., Hankey, C. R., and Lean, M. E. (2007). Weight gain as an adverse effect of some commonly prescribed drugs: A systematic review. Qjm 100 (7), 395–404. doi:10.1093/qjmed/hcm044
 Malmberg, K., Herlitz, J., Hjalmarson, A., and Rydén, L. (1989). Effects of metoprolol on mortality and late infarction in diabetics with suspected acute myocardial infarction. Retrospective data from two large studies. Eur. Heart J. 10 (5), 423–428. doi:10.1093/oxfordjournals.eurheartj.a059505
 McDonald, C. G., Majumdar, S. R., Mahon, J. L., and Johnson, J. A. (2005). The effectiveness of beta-blockers after myocardial infarction in patients with type 2 diabetes. Diabetes Care 28 (9), 2113–2117. doi:10.2337/diacare.28.9.2113
 Puymirat, E., Riant, E., Aissaoui, N., Soria, A., Ducrocq, G., Coste, P., et al. (2016). β blockers and mortality after myocardial infarction in patients without heart failure: Multicentre prospective cohort study. BMJ 354, i4801. doi:10.1136/bmj.i4801
 Ryden, L., Grant, P. J., Anker, S. D., Berne, C., Cosentino, F., Danchin, N., et al. (2013). ESC guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD: The task force on diabetes, pre-diabetes, and cardiovascular diseases of the European society of cardiology (ESC) and developed in collaboration with the European association for the study of diabetes (EASD). Eur. Heart J. 34 (39), 3035–3087. doi:10.1093/eurheartj/eht108
 Toda, N. (2003). Vasodilating beta-adrenoceptor blockers as cardiovascular therapeutics. Pharmacol. Ther. 100 (3), 215–234. doi:10.1016/j.pharmthera.2003.09.001
 Tsujimoto, T., Kajio, H., Shapiro, M. F., and Sugiyama, T. (2018). Risk of all-cause mortality in diabetic patients taking beta-blockers. Mayo Clin. Proc. 93 (4), 409–418. doi:10.1016/j.mayocp.2017.11.019
 Tsujimoto, T., Sugiyama, T., Shapiro, M. F., Noda, M., and Kajio, H. (2017). Risk of cardiovascular events in patients with diabetes mellitus on beta-blockers. Hypertension 70 (1), 103–110. doi:10.1161/hypertensionaha.117.09259
 Wells, G. A., Shea, B., O'Connell, D., Peterson, J., Welch, V., Losos, M., et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses. [Online]. Available At:[Accessed] https://www.ohri.ca//programs/clinical_epidemiology/oxford.asp.
 Yancy, C. W., Jessup, M., Bozkurt, B., Butler, J., Casey, D. E., Colvin, M. M., et al. (2017). 2017 ACC/AHA/HFSA focused update of the 2013 ACCF/AHA guideline for the management of heart failure: A report of the American College of cardiology/American heart association task force on clinical practice guidelines and the heart failure society of America. Circulation 136 (6), e137–e161. doi:10.1161/CIR.0000000000000509
 Yoshikawa, T., Port, J. D., Asano, K., Chidiak, P., Bouvier, M., Dutcher, D., et al. (1996). Cardiac adrenergic receptor effects of carvedilol. Eur. Heart J. 17 (), 8–16. doi:10.1093/eurheartj/17.suppl_b.8Suppl B
 Zoungas, S., Patel, A., Chalmers, J., de Galan, B. E., Li, Q., Billot, L., et al. (2010). Severe hypoglycemia and risks of vascular events and death. N. Engl. J. Med. 363 (15), 1410–1418. doi:10.1056/NEJMoa1003795
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Chen, Tian, Estau and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-11-1076107-g005.gif





OPS/images/fcell-11-1076107-g006.gif





OPS/images/fcell-11-1076107-g003.gif





OPS/images/fcell-11-1076107-g004.gif





OPS/images/fcell-11-1076107-t003.jpg
Study ID 1Selection Comparability Outcome Total

quality
Representativeness of Selection of  Ascertainment of  Demonstration that  Comparability of  Assessment of  Was follow-up  Adequacy of  scores
the exposed cohort  thenon- the exposure  outcome of interest  cohorts on the basis  the outcome long enough follow up of
exposed wasnot presentatstart  of the design or foroutcomesto  cohorts
cohort of study analysis occur
Welshus 3 5 . 5 G F 5 3 5
9%0)
. . . . . . . . . N
(1994)
—— = . v = = > : . m
099
s 3 5 5 . N R ” A 3
99
tordd : ) 3 . F R B : 5
ws)
— . . . . . . . . B
Qo)

aeases T pokian ™ dadicones 3 Dotk





OPS/images/fcell-11-1076107-t001.jpg
Step sequence Details

#1 “diabetes mellitus” [MeSH Terms] OR [“diabetes” (All Fields) AND “mellitus” (All Fields)] OR “diabetes mellitus” [All Fields]

2 (Adrenergic beta- Antagonist) OR (Adrenergic beta Antagonist) OR (p-blocker) OR (B blocker) OR (beta blocker) OR (adrenergic beta receptor
blockader)

#3 Propranolol OR Labetalol OR Bisoprolol OR Metoprolol OR Arotinolol OR Nebivolol OR Esmolol OR Sotalol OR carteolol OR nadolol OR

penbutolol OR pindolol OR timolol OR acebutolol OR atenolol OR betaxolol OR celiprolol OR bucindolol OR carvedilol OR alprenolol OR
bunolol OR Bupranolol OR dihydroalprenolol OR iodocyanopindolol OR levobunolol OR metipranolol OR oxprenolol OR practolol

# #2OR #3

# #1 AND #4






OPS/images/fcell-11-1076107-t002.jpg
Study ID Type of  Sample size Interventions Duration/ Outcome
disease (T/Q) Follow-up (max) measures

Treatment Control
group group

Malmberg et al. RCT MI + DM 29/49 NA Metoprolol + RT Placebo 3 months
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(1990)
Karlson etal. (1994) ~ Cohort MI + DM 37/33 NA p-blocker + RT RT 1 year @
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Outcomes Anticipated absolute effects®  Relative effect  Ne of participants  Certainty of the Comments

(95% Cl) (95% CI) (studies) evidence (GRADE)
Risk with Risk with
placebo B-blockers
All-cause mortality (for 194 per 1,000 | 95 per 1,000 RR 049 (032-076) | 518 (4 RCTs) ©800 Low™
RCTs) (62-148)
All-cause mortality (for 264 per 1,000 164 per 1,000 RR 062 (047-0.82) 205972 (6 observational | @00 Low
cohort studies) (124-217) studies)
Cardiovascular death 283 per 1,000 93 per 1,000 RR 033 (0.13-0.87) 99 (1 RCT) ®000 Very low's
(for RCT) (37-246)
Cardiovascular death (for 91 per 1,000 53 per 1,000 RR 058 (043-079) 2,803 (2 observational 9600 Low"
cohort studies) (39-72) studies)

“The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).CI: confidence
interval; RR: risk ratio. GRADE Working Group grades of evidenceHigh certainty: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are
moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it s substantially different. Low certainty: our confidence in the
effect estimate s limited: the true effect may be substantially different from the estimate of the effect. Very low certainty: we have very lttle confidence in the effect estimate: the true effect is likely to be:
substantially different from the estimate of effect.

"The random sequence generation and allocation concealment of some included studies were not specified.

“The confidence interval is wide.

“The results of Tsujimoto’s 2018 study went in a different direction to the results of other studies and I of 83% showed the inconsistence among studics.

“The random sequence generation and allocation concealment of this study were not specified.

“The number of patients was insufficient.

“Only 1 study was included, so we strongly suspect that there may have publication bias.

\Only 2 studies was included, so we strongly suspect that there may have publication bias.
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