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Abstract
Background
Stress-induced hyperglycaemia at time of hospital admission has been linked to worse prognosis following acute myocardial infarction (AMI). In addition to glucose, other glucose-related indices, such as HbA1c, glucose-HbA1c ratio (GHR), and stress-hyperglycaemia ratio (SHR) are potential predictors of clinical outcomes following AMI. However, the optimal blood glucose, HbA1c, GHR, and SHR cut-off values for predicting adverse outcomes post-AMI are unknown. As such, we determined the optimal blood glucose, HbA1c, GHR, and SHR cut-off values for predicting 1-year all cause mortality in diabetic and non-diabetic ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction (NSTEMI) patients.

Methods
We undertook a national, registry-based study of patients with AMI from January 2008 to December 2015. We determined the optimal blood glucose, HbA1c, GHR, and SHR cut-off values using the Youden’s formula for 1-year all-cause mortality. We subsequently analyzed the sensitivity, specificity, positive and negative predictive values of the cut-off values in the diabetic and non-diabetic subgroups, stratified by the type of AMI.

Results
There were 5841 STEMI and 4105 NSTEMI in the study. In STEMI patients, glucose, GHR, and SHR were independent predictors of 1-year all-cause mortality [glucose: OR 2.19 (95% CI 1.74–2.76); GHR: OR 2.28 (95% CI 1.80–2.89); SHR: OR 2.20 (95% CI 1.73–2.79)]. However, in NSTEMI patients, glucose and HbA1c were independently associated with 1-year all-cause mortality [glucose: OR 1.38 (95% CI 1.01–1.90); HbA1c: OR 2.11 (95% CI 1.15–3.88)]. In diabetic STEMI patients, SHR performed the best in terms of area-under-the-curve (AUC) analysis (glucose: AUC 63.3%, 95% CI 59.5–67.2; GHR 68.8% 95% CI 64.8–72.8; SHR: AUC 69.3%, 95% CI 65.4–73.2). However, in non-diabetic STEMI patients, glucose, GHR, and SHR performed equally well (glucose: AUC 72.0%, 95% CI 67.7–76.3; GHR 71.9% 95% CI 67.7–76.2; SHR: AUC 71.7%, 95% CI 67.4–76.0). In NSTEMI patients, glucose performed better than HbA1c for both diabetic and non-diabetic patients in AUC analysis (For diabetic, glucose: AUC 52.8%, 95% CI 48.1–57.6; HbA1c: AUC 42.5%, 95% CI 37.6–47. For non-diabetic, glucose: AUC 62.0%, 95% CI 54.1–70.0; HbA1c: AUC 51.1%, 95% CI 43.3–58.9). The optimal cut-off values for glucose, GHR, and SHR in STEMI patients were 15.0 mmol/L, 2.11, and 1.68 for diabetic and 10.6 mmol/L, 1.72, and 1.51 for non-diabetic patients respectively. For NSTEMI patients, the optimal glucose values were 10.7 mmol/L for diabetic and 8.1 mmol/L for non-diabetic patients.

Conclusions
SHR was the most consistent independent predictor of 1-year all-cause mortality in both diabetic and non-diabetic STEMI, whereas glucose was the best predictor in NSTEMI patients.
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Introduction
Stress-induced hyperglycaemia (SH) refers to the transient rise in blood glucose levels that occurs during an acute illness and has been linked to a worse prognosis in acute myocardial infarction (AMI) patients [1]. Despite its potential role as a predictor for patient outcomes, guidelines are not consistent on the choice of optimal glucose level to define SH as the thresholds have been arbitrarily selected due to lack of scientific evidence. As such, the prognostic relevance of the blood glucose levels for defining SH are not clear and need to be better defined. The European Society of Cardiology and the American Heart Association recommend an admission blood glucose of > 11 mmol/L and > 10 mmol/L as cut-off values for defining SH, respectively, regardless of diabetic or chronic glycaemic status of patients [2, 3]. Previous therapeutic trials for improving acute glucose control in AMI patients have been inconsistent in their definitions of glucose level that constitutes SH, which might account, in part, for the inconclusive results of these studies in terms of clinical outcomes [4–6].
This uncertainty in optimal cut-off values for glucose in AMI patients in predicting adverse events, may also differ between ST-segment elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction (NSTEMI) patients, and there is also a need to account for the diabetic status of patients to avoid incorrect estimation of real prevalence of stress hyperglycaemia. Roberts et al. [7] have devised a Stress Hyperglycaemia Ratio (SHR) index to normalise the acute increase in glucose values in relation to background glycaemic status, but the optimal SHR cut-off level for defining SH are not known. Similarly, hemoglobin a1c (HbA1c) and glucose-HbA1c-ratio (GHR) were reported as predictors of clinical outcomes in AMI and other pathological processes, but their relative performance to other predictors and optimal values were not clarified [8, 9].
As such, in this study, we evaluated and compared the optimal blood glucose and SHR cut-off values in both diabetic and non-diabetic STEMI and NSTEMI patients and their utility in predicting 1-year all-cause mortality as compared to other potential predictors, such as glucose, HbA1c, and GHR.
Methods
This study utilised the Singapore Myocardial Infarction Registry (SMIR), a national registry managed by the ministry-funded National Registry of Diseases Office. The local institutional review board granted an exemption for written consent from the participants for this study (SingHealth CIRB Reference No: 2016/2480) as this study utilised de-identified data. The research was conducted in accordance with the Declaration of Helsinki. The statistician had access to anonymised individual data, while the co-authors had access to analysed, aggregated data. The SMIR collects clinical data of all AMI patients in all hospitals in Singapore [10–14]. Notification of AMI to the registry is mandated by law. The International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code 410 was used to obtain AMI cases diagnosed prior to 2012, while ICD-10 (Australian Modification) codes I21 and I22 were used for those cases diagnosed in 2012. Patients’ data was extracted from medical claims listings, hospital discharge summaries, and medical records by dedicated registry coordinators. Annual audit was performed on the SMIR data for accuracy and inter-rater reliability, with outliers and illogical data flagged for review. The multinational monitoring of trends and determinants in cardiovascular disease criteria were used to define episodes. STEMI was defined by: (1) Typical chest pain of 20 min, (2) Significant ST segment elevation (0.1 or 0.2 mV on 2 adjacent limb or precordial leads, respectively, or new left bundle-branch block) and (3) Confirmed later by a rise in biomarkers. Medication use was based on documentation in the medical records. The SMIR data was subsequently merged with data from the national death registry, which captures all deaths in Singapore to obtain the outcome of interest—1-year all-cause mortality.
This study utilised STEMI and NSTEMI cases reported to the SMIR from January 2008 to December 2015 who received percutaneous coronary intervention [15]. We excluded patients with a blood glucose level of < 3.9 mmol/L, a first glucose level measured more than 24 h after admission, patients with fasting glucose levels, patients managed outside the hospital and patients with missing glucose or HbA1c results (Fig. 1). The glucose values referred henceforth throughout the manuscript implies the admission random glucose within the first 24 h. Diabetics were defined as patients with a previously documented history of diabetes or those with no documented history of diabetes but a HbA1c value of > 6.5% [16]. Non-diabetics were defined as those without a history of diabetes and with a HbA1c value of ≤ 6.5%.[image: ../images/12933_2021_1395_Fig1_HTML.png]
Fig. 1Flow chart of inclusion and exclusion criteria. NSTEMI, non-ST-segment elevation myocardial infarction; PPCI, primary percutaneous coronary intervention; SMIR, Singapore Myocardial Infarction Registry; STEMI, ST-segment elevation myocardial infarction


Statistical analysis
Categorical variables of the patients’ characteristics were expressed as frequency and percentages while continuous variables were expressed as median and interquartile range. The SHR, was calculated using the following formula:[image: $$SHR = \frac{{Acute\;glucose\;value \left( {mmol/L} \right)}}{{\left[ {1.59 \times HbA1c \left( \% \right)} \right] - 2.59}}$$]




The GHR, the ratio of glucose to HbA1c, was calculated as performed in the previous report [17].
The optimal cut-off value for each glucose, HbA1c, and GHR and SHR metric were determined by the Youden’s index [18]. A 2 × 2 table was used to determine the sensitivity, specificity, positive and negative predictive value of the cut-off values. As mortality varied with time, time-dependent receiver operating characteristic (ROC) curves with inverse probability of censoring weighting were generated to compare the area-under-the-curves (AUC) of each metric [19–22]. Missing data were excluded from the analyses through case deletion without imputation to maintain data in its original form. To determine if glucose and SHR were independent predictors of 1-year all-cause mortality, odd ratios (OR) with 95% confidence interval (95% CI) were adjusted for age, a history of ischemic heart disease, Killip class on admission, cardiac arrest on admission, creatinine on admission and hemoglobin on admission (factors found to be significant predictors of 1-year all-cause mortality using multivariable stepwise logistic regression with backward elimination) [10–14]. Statistical analyses were performed using Stata SE version 13 and R verison 4.0.3, with statistical significance was set at p < 0.05.
Results
Baseline characteristics
A total of 5841 STEMI and 4105 NSTEMI patients were included in the analysis (Fig. 1). Patients were divided into the diabetic and non-diabetic subgroups. Baseline patient characteristics are displayed in Table 1. Diabetic patients were older, less likely to be male. There were more patients with a past medical history of hypertension, hyperlipidaemia, and ischaemic heart disease in the diabetic group, but fewer were current smokers. Median glucose levels were higher in STEMI patients. The proportion of patients on goal-directed medical therapy was high for both the STEMI and NSTEMI groups.Table 1Characteristics of acute myocardial infarction patients in the study


	 	STEMI
	NSTEMI

	Diabetic
N = 2820
	Non-diabetic
N = 3021
	Diabetic
N = 2338
	Non-diabetic
N = 1767

	Age in years, median (IQR)
	58.6 (51.4–66.2)
	57.0 (50.5–64.9)
	61.2 (54.0–70.0)
	58.4 (50.9–66.9)

	Male, n (%)
	2289 (81.2)
	2644 (87.5)
	1695 (72.5)
	1498 (84.8)

	Race, n (%)

	 Chinese
	1457 (51.7)
	1997 (66.1)
	1208 (51.7)
	1202 (68.0)

	 Malay
	714 (25.3)
	574 (19.0)
	550 (23.5)
	305 (17.3)

	 Indian
	601 (21.3)
	400 (13.2)
	540 (23.1)
	230 (13.0)

	Past medical history, n (%)

	 Hypertension
	1854 (65.7)
	1266 (41.9)
	1876 (80.2)
	963 (54.5)

	 Diabetes
	2142 (76.0)
	NA
	1994 (85.3)
	NA

	 Not on treatment
	451 (21.1)
	NA
	257 (12.9)
	NA

	 Diet control
	113 (5.3)
	NA
	102 (5.1)
	NA

	 Oral medication
	1391 (64.9)
	NA
	1264 (63.4)
	NA

	 Insulin
	64 (3.0)
	NA
	153 (7.7)
	NA

	 Oral medication & insulin
	123 (5.7)
	NA
	218 (10.9)
	NA

	 Hyperlipidemia
	1701 (60.4)
	1070 (35.4)
	1825 (78.1)
	906 (51.3)

	MI/PCI/CABG
	499 (17.7)
	319 (10.6)
	963 (41.2)
	337 (19.1)

	Smoking, n (%)

	 Current
	1253 (44.9)
	1602 (53.3)
	750 (32.2)
	806 (45.7)

	 Former
	422 (15.1)
	365 (12.1)
	468 (20.1)
	315 (17.9)

	 Never
	1118 (40.0)
	1039 (34.6)
	1113 (47.7)
	641 (36.4)

	BMI in kg/m2, median (IQR)
	25.2 (22.9–27.9)
	24.4 (22.2–27.0)
	25.6 (23.1–28.9)
	24.8 (22.6–27.5)

	Glucose in mmol/L, median (IQR)
	13.8 (10.5–18.4)
	7.8 (6.8–9.4)
	12.3 (9.0–16.4)
	6.7 (5.8–8.0)

	HbA1c in %, median (IQR)
	8.0 (6.9–9.9)
	5.7 (5.5–6.0)
	7.7 (6.8–9.3)
	5.7 (5.5–6.0)

	Total cholesterol in mmol/L, median (IQR)
	4.9 (4.0–5.9)
	5.2 (4.5–6.1)
	4.7 (3.8–5.7)
	5.2 (4.4–6.0)

	LDL-cholesterol in mmol/L, median (IQR)
	3.1 (2.4–4.0)
	3.5 (2.8–4.3)
	2.8 (2.2–3.7)
	3.5 (2.7–4.2)

	HDL-cholesterol in mmol/L, median (IQR)
	1.0 (0.8–1.2)
	1.1 (0.9–1.3)
	1.0 (0.8–1.2)
	1.0 (0.9–1.2)

	Triglyceride in mmol/L, median (IQR)
	1.5 (1.1–2.3)
	1.3 (1.0–1.8)
	1.7 (1.2–2.5)
	1.5 (1.1–2.1)

	Haemoglobin in g/dL, median (IQR)
	14.6 (13.2–15.7)
	14.8 (13.7–15.8)
	13.7 (12.1–15.0)
	14.5 (13.4–15.4)

	Creatinine in µmol/L, median (IQR)
	89 (74–112)
	90 (77–105)
	88 (72–116)
	84 (73–97)

	Killip class on admission, n (%)

	 I
	2261 (80.2)
	2541 (84.1)
	1790 (76.6)
	1599 (90.5)

	 II
	196 (6.9)
	126 (4.2)
	322 (13.8)
	94 (5.3)

	 III
	130 (4.6)
	86 (2.9)
	199 (8.5)
	52 (2.9)

	 IV
	233 (8.3)
	267 (8.8)
	26 (1.1)
	21 (1.2)

	In-patient medication, n (%)

	 Aspirin
	2733 (96.9)
	2956 (97.9)
	2298 (98.3)
	1722 (97.5)

	 Beta-blocker
	2457 (87.1)
	2616 (86.6)
	2121 (90.7)
	1575 (89.1)

	 ACEI/ARB
	2171 (77.0)
	2221 (73.5)
	1930 (82.6)
	1265 (71.6)

	 Lipid lowering drug
	2731 (96.8)
	2955 (97.8)
	2313 (98.9)
	1755 (99.3)

	 P2Y12 inhibitor
	2773 (98.3)
	2982 (98.7)
	2330 (99.7)
	1760 (99.6)


ACEI/ARB angiotensin converting enzyme inhibitor/angiotensin receptor blocker, BMI body mass index, CABG coronary artery bypass grafting, IQR interquartile range, MI myocardial infarction, NA not applicable, NSTEMI non-ST-segment elevation myocardial infarction, PCI percutaneous coronary intervention, SHR stress-hyperglycaemia ratio, STEMI ST-segment elevation myocardial infarction



General trend of survival, hazard ratio, and mortality in STEMI and NSTEMI patients with or without diabetes
One-year all-cause mortality occurred in: 252 out of 2820 (8.9%) diabetic STEMI patients; 202 out of 3021 (6.7%) non-diabetic STEMI patients; 161 out of 2338 (6.9%) diabetic NSTEMI patients; 56 out of 1767 (3.2%) non-diabetic NSTEMI patients. The survival rate rapidly dropped within the first 30 days after AMI events in STEMI and NSTEMI patients with STEMI being worse (Additional file 1: Figure S1A) as previously reported by other researchers [19]. Non-diabetic patients in STEMI and NSTEMI groups had significantly better survival rates than diabetic patients (Additional file 1: Figure S1B). Generally, there was an exponential relationship between glucose and hazard ratio (HR) in all sub-groups of STEMI and NSTEMI with non-diabetic STEMI being associated with the greatest HR (Additional file 1: Figure S2). Similarly, SHR was associated with increased HR exponentially in all sub-groups of STEMI and NSTEMI (Additional file 1: Figure S3). Glucose was correlated with 1-year all-cause mortality in non-diabetic AMI patients in a concentration-dependent manner (Additional file 1: Figure S4a). Similarly, elevated levels of GHR were associated with increased 1-year all-cause mortality in both diabetic and non-diabetic AMI patients (Additional file 1: Figure S4c). A HbA1c of < 5.0% was correlated with increased 1-year all-cause mortality in diabetic AMI. However, this concentration-dependent association was not found for HbA1c (Additional file 1: Figure S4b-i and b-ii).
Optimal blood glucose cut-off values for predicting outcomes
The optimal glucose cut-off values for predicting all-cause mortality at 1 year are shown in Table 2. All cut-off values for both STEMI and NSTEMI patients, regardless of diabetic status showed excellent negative predictive value of > 94%. The optimal glucose cut-off values were 15.0 mmol/L for diabetic STEMI patients and 10.6 mmol/L for non-diabetic STEMI patients. In NSTEMI patients, the optimal cut-off values were lower, at 10.7 mmol/L for diabetic patients and 8.1 mmol/L for non-diabetic patients.Table 2Optimal glucose cut-off values and performance of the cut-off values in predicting 1-year all-cause mortality in diabetic and non-diabetic ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction patients


	 	STEMI
	NSTEMI

	Diabetic
	Non-diabetic
	Diabetic
	Non-diabetic

	Statistical optimal glucose cut-off in mmol/L
	15.0
	10.6
	10.7
	8.1

	Sensitivity in % (95% CI)
	62.7 (56.4–68.7)
	50.5 (43.4–57.6)
	65.8 (58.0–73.1)
	42.9 (29.7–56.8)

	Specificity in % (95% CI)
	59.5 (57.5–61.4)
	86.9 (85.6–88.1)
	39.7 (37.6–41.8)
	75.8 (73.7–77.8)

	Positive predictive value in % (95% CI)
	13.2 (12.0–14.4)
	21.6 (18.9–24.6)
	7.5 (6.7–8.3)
	5.5 (4.1–7.4)

	Negative predictive value in % (95% CI)
	94.2 (93.2–95.0)
	96.1 (95.5–96.6)
	94.0 (92.7–95.1)
	97.6 (97.0–98.1)


CI confidence interval, NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-segment elevation myocardial infarction



Optimal HbA1c cut-off values for predicting outcomes
The optimal HbA1c cut-off values for predicting all-cause mortality at 1 year are shown in Table 3. All cut-off values for both STEMI and NSTEMI patients, regardless of diabetic status showed excellent negative predictive value of > 91%. The optimal HbA1c cut-off values were 13.3 mmol/L for diabetic STEMI patients and 6.0 mmol/L for non-diabetic STEMI patients. In NSTEMI patients, the optimal cut-off values were 12.2 mmol/L for diabetic patients and 6.3 mmol/L for non-diabetic patients.Table 3Optimal HbA1c cut-off values and performance of the cut-off values in predicting 1-year all-cause mortality in diabetic and non-diabetic ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction patients


	 	STEMI
	NSTEMI

	Diabetic
	Non-diabetic
	Diabetic
	Non-diabetic

	Statistical optimal HbA1c cut-off in mmol/L
	13.3
	6.0
	12.2
	6.3

	Sensitivity in % (95% CI)
	4.0 (1.6–6.4)
	27.7 (21.6–33.9)
	4.3 (1.2–7.5)
	14.3 (5.1–23.5)

	Specificity in % (95% CI)
	97.6 (97.0–98.2)
	75.1 (73.5–76.7)
	96.5 (95.7–97.2)
	92.2 (91.0–93.5)

	Positive predictive value in % (95% CI)
	14.1 (6.0–22.2)
	7.4 (5.5–9.3)
	8.3 (2.4–14.2)
	5.7 (1.9–9.5)

	Negative predictive value in % (95% CI)
	91.2 (90.1–92.3)
	93.6 (92.5–94.6)
	93.2 (92.1–94.2)
	97.0 (96.2–97.9)


CI confidence interval, NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-segment elevation myocardial infarction



Optimal glucose-HbA1c ratio (GHR) cut-off values for predicting outcomes
The optimal GHR cut-off values for predicting all-cause mortality at 1 year are shown in Table 4. All cut-off values for both STEMI and NSTEMI patients, regardless of diabetic status showed excellent negative predictive value of > 94%. The optimal GHR cut-off values were 2.11 mmol/L for diabetic STEMI patients and 1.72 mmol/L for non-diabetic STEMI patients. In NSTEMI patients, the optimal cut-off values were lower, at 2.10 mmol/L for diabetic patients and 1.43 mmol/L for non-diabetic patients.Table 4Optimal glucose-HbA1c ratio (GHR) cut-off values and performance of the cut-off values in predicting 1-year all-cause mortality in diabetic and non-diabetic ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction patients


	 	STEMI
	NSTEMI

	Diabetic
	Non-diabetic
	Diabetic
	Non-diabetic

	Statistical optimal GHR cut-off in mmol/L
	2.11
	1.72
	2.10
	1.43

	Sensitivity in % (95% CI)
	50.4 (44.2–56.6)
	55.0 (48.1–61.8)
	28.6 (21.6–35.6)
	41.1 (28.2–54.0)

	Specificity in % (95% CI)
	82.5 (81.0–83.9)
	82.7 (81.3–84.1)
	84.1 (82.5–85.6)
	78.1 (76.1–80.0)

	Positive predictive value in % (95% CI)
	22.0 (18.6–25.4)
	18.5 (15.4–21.6)
	11.7 (8.5–14.9)
	5.8 (3.5–8.1)

	Negative predictive value in % (95% CI)
	94.4 (93.5–95.4)
	96.2 (95.5–97.0)
	94.1 (93.0–95.1)
	97.6 (96.8–98.4)


CI confidence interval, GHR glucose-hb1ac ratio, NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-segment elevation myocardial infarction



Optimal SHR cut-off values for predicting outcomes
The optimal SHR cut-off values for predicting all-cause mortality at 1 year are shown in Table 5. The optimal cut-off values performed well with negative predictive values of > 94%. The SHR cut-off value for diabetic STEMI patients was 1.68, and was lower in non-diabetic STEMI patients at 1.51. For the NSTEMI group, the SHR values were lower being 1.53 in diabetics and 1.27 in non-diabetics.Table 5Optimal stress-hyperglycaemia ratio (SHR) cut-off values and performance of the cut-off values in predicting 1-year all-cause mortality in diabetic and non-diabetic ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction patients


	 	STEMI
	NSTEMI

	Diabetic
	Non-diabetic
	Diabetic
	Non-diabetic

	Statistical optimal SHR cut-off in mmol/L
	1.68
	1.51
	1.53
	1.27

	Sensitivity in % (95% CI)
	50.4 (44.1–56.7)
	55.0 (47.8–61.9)
	35.4 (28.0–43.3)
	44.6 (31.3–58.5)

	Specificity in % (95% CI)
	83.2 (81.7–84.6)
	82.2 (80.7–83.6)
	78.3 (76.5–80.0)
	79.0 (77.0–80.9)

	Positive predictive value in % (95% CI)
	22.7 (20.2–25.5)
	18.1 (16.0–20.4)
	10.8 (8.8–13.1)
	6.5 (4.9–8.6)

	Negative predictive value in % (95% CI)
	94.5 (93.8–95.1)
	96.2 (95.6–96.7)
	94.2 (93.6–94.9)
	97.8 (97.2–98.2)


CI confidence interval, SHR stress-hyperglycaemia ratio, NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-segment elevation myocardial infarction



Comparison of optimal glucose, HbA1c, GHR, and SHR cut-off values
In STEMI patients, SHR was the consistent best predictor regardless of the diabetic condition (Fig. 2a, b). Glucose, GHR, and SHR performed equally well in diabetic patients (glucose: AUC 63.3%, 95% CI 59.5–67.2; HbA1c: AUC 47.1%, 95% CI 43.3–51.0; GHR 68.8% 95% CI 64.8–72.8; SHR: AUC 69.3%, 95% CI 65.4–73.2), whereas in non-diabetic patients, GHR and SHR performed equally well (glucose: AUC 72.0%, 95% CI 67.7–76.3; HbA1c: AUC 50.7%, 95% CI 46.5–54.9; GHR 71.9% 95% CI 67.7–76.2; SHR: AUC 71.7%, 95% CI 67.4–76.0).[image: ../images/12933_2021_1395_Fig2_HTML.png]
Fig. 2a Area under the curve for glucose, HbA1c, glucose-HbA1c ratio (GHR) and stress-hyperglycemia ratio (SHR) among diabetic STEMI patients. b Area under the curve for glucose, HbA1c, glucose-HbA1c ratio (GHR) and stress-hyperglycemia ratio (SHR) among non-diabetic STEMI patients. c Area under the curve for glucose, HbA1c, glucose-HbA1c ratio (GHR) and stress-hyperglycemia ratio (SHR) among diabetic NSTEMI patients. d Area under the curve for glucose, HbA1c, glucose-HbA1c ratio (GHR) and stress-hyperglycemia ratio (SHR) among non-diabetic NSTEMI patients


In diabetic NSTEMI patients as shown in Fig. 2c, d, SHR was the best predictor of 1-year all-cause mortality (glucose: AUC 52.8%, 95% CI 48.1–57.46 HbA1c: AUC 42.5%, 95% CI 37.6–47.4; GHR 57.6% 95% CI 52.8–62.4; SHR: AUC 58.8%, 95% CI 54.1–63.6). However, in non-diabetic NSTEMI patients, glucose was the best predictor (glucose: AUC 62.0%, 95% CI 54.1–70.0 HbA1c: AUC 51.1%, 95% CI 43.3–58.9; GHR 60.9% 95% CI 52.7–69.1; SHR: AUC 60.6%, 95% CI 52.2–68.9).
Glucose and SHR as an independent predictor of 1-year all-cause mortality
In STEMI patients, glucose, GHR, and SHR were independent predictors of 1-year all-cause mortality [glucose: OR 2.19 (95% CI 1.74–2.76); HbA1c: OR 1.00 (95% CI 0.73–1.36); GHR: OR 2.28 (95% CI 1.80–2.89); SHR: OR 2.20 (95% CI 1.73–2.79)], after adjusting for age, history of ischemic heart disease, Killip class on admission, cardiac arrest on admission, creatinine on admission and haemoglobin on admission (Tables 6, 7, 8, 9). However, in NSTEMI patients, glucose and HbA1c were independently associated with 1-year all-cause mortality [glucose: OR 1.38 (95% CI 1.01–1.90); HbA1c: OR 2.11 (95% CI 1.15–3.88); GHR: OR 1.30 (95% CI 0.92–1.83); SHR: OR 1.25 (95% CI 0.90–1.75)] (Tables 6, 7, 8, 9).Table 6Glucose as an independent predictor of 1-year all-cause mortality


	 	STEMI
	NSTEMI

	OR
	95% CI
	OR
	95% CI

	Glucose

	 Below proposed cut-off
	1.00
	Reference
	1.00
	Reference

	 Above proposed cut-off
	2.19
	1.74
	2.76
	1.38
	1.01
	1.90

	Age in years

	 < 40
	1.00
	Reference
	1.00
	Reference

	 40–49
	1.25
	0.47
	3.32
	0.32
	0.07
	1.45

	 50–59
	1.46
	0.57
	3.77
	0.42
	0.11
	1.64

	 60–69
	2.29
	0.89
	5.90
	0.72
	0.19
	2.75

	 70–79
	4.17
	1.60
	10.88
	1.20
	0.32
	4.55

	 ≥ 80
	8.46
	3.16
	22.69
	2.10
	0.54
	8.25

	History of MI/PCI/CABG

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	1.19
	0.89
	1.59
	1.51
	1.11
	2.07

	Killip class on admission

	 I
	1.00
	Reference
	1.00
	Reference

	 II
	1.47
	0.95
	2.28
	2.79
	1.89
	4.10

	 III
	2.48
	1.67
	3.68
	3.11
	2.02
	4.78

	 IV
	4.15
	3.15
	5.46
	21.34
	10.67
	42.71

	CPR on arrival

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	3.89
	2.74
	5.53
	10.48
	3.34
	32.95

	Creatinine in µmol/L

	 < 70
	1.00
	Reference
	1.00
	Reference

	 70–105
	0.80
	0.55
	1.15
	0.71
	0.43
	1.17

	 106–140
	1.75
	1.20
	2.56
	1.36
	0.80
	2.32

	 141–176
	2.28
	1.43
	3.66
	1.20
	0.61
	2.35

	 177–353
	2.74
	1.66
	4.52
	1.21
	0.58
	2.55

	 ≥ 354
	3.89
	2.07
	7.34
	4.47
	2.47
	8.07

	Haemoglobin in g/dL

	 < 10
	1.00
	Reference
	1.00
	Reference

	 10–11
	1.25
	0.70
	2.21
	1.26
	0.72
	2.20

	 12–13
	0.86
	0.49
	1.49
	1.07
	0.60
	1.91

	 14–15
	0.59
	0.33
	1.03
	0.44
	0.22
	0.87

	 ≥ 16
	0.69
	0.37
	1.29
	0.41
	0.16
	1.07


CABG coronary artery bypass grafting, CI confidence interval, MI myocardial infarction, NSTEMI non-ST-segment elevation myocardial infarction, OR odds ratio, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction


Table 7HbA1c as an independent predictor of 1-year all-cause mortality


	 	STEMI
	NSTEMI

	OR
	95% CI
	OR
	95% CI

	HbA1c

	 Below proposed cut-off
	1.00
	Reference
	1.00
	Reference

	 Above proposed cut-off
	1.00
	0.73
	1.36
	2.11
	1.15
	3.88

	Age in years

	 < 40
	1.00
	Reference
	1.00
	Reference

	 40–49
	1.32
	0.50
	3.53
	0.35
	0.08
	1.59

	 50–59
	1.52
	0.59
	3.93
	0.45
	0.12
	1.76

	 60–69
	2.35
	0.91
	6.06
	0.79
	0.21
	3.04

	 70–79
	4.19
	1.60
	10.96
	1.28
	0.33
	4.90

	 ≥ 80
	8.60
	3.20
	23.10
	2.21
	0.56
	8.78

	History of MI/PCI/CABG

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	1.14
	0.85
	1.51
	1.56
	1.14
	2.14

	Killip class on admission

	 I
	1.00
	Reference
	1.00
	Reference

	 II
	1.53
	0.99
	2.37
	2.89
	1.96
	4.25

	 III
	3.00
	2.04
	4.42
	3.47
	2.28
	5.30

	 IV
	4.88
	3.73
	6.39
	21.48
	10.75
	42.93

	CPR on arrival

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	4.88
	3.47
	6.87
	11.81
	3.69
	37.86

	Creatinine in µmol/L

	 < 70
	1.00
	Reference
	1.00
	Reference

	 70–105
	0.76
	0.53
	1.10
	0.72
	0.44
	1.19

	 106–140
	1.81
	1.24
	2.64
	1.39
	0.82
	2.38

	 141–176
	2.46
	1.55
	3.92
	1.22
	0.62
	2.41

	 177–353
	2.84
	1.73
	4.68
	1.25
	0.59
	2.64

	 ≥ 354
	3.92
	2.09
	7.34
	4.58
	2.53
	8.31

	Haemoglobin in g/dL

	 < 10
	1.00
	Reference
	1.00
	Reference

	 10–11
	1.34
	0.76
	2.37
	1.22
	0.70
	2.13

	 12–13
	0.88
	0.51
	1.53
	1.04
	0.58
	1.85

	 14–15
	0.62
	0.35
	1.08
	0.42
	0.21
	0.82

	 ≥ 16
	0.73
	0.40
	1.35
	0.40
	0.15
	1.04


CABG coronary artery bypass grafting, CI confidence interval, MI myocardial infarction, NSTEMI non-ST-segment elevation myocardial infarction, OR odds ratio, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction


Table 8Glucose-HbA1c ratio (GHR) as an independent predictor of 1-year all-cause mortality


	 	STEMI
	NSTEMI

	OR
	95% CI
	OR
	95% CI

	GHR

	 Below proposed cut-off
	1.00
	Reference
	1.00
	Reference

	 Above proposed cut-off
	2.28
	1.80
	2.89
	1.30
	0.92
	1.83

	Age in years

	 < 40
	1.00
	Reference
	1.00
	Reference

	 40–49
	1.27
	0.48
	3.38
	0.34
	0.08
	1.53

	 50–59
	1.47
	0.57
	3.80
	0.45
	0.12
	1.73

	 60–69
	2.25
	0.87
	5.81
	0.76
	0.20
	2.88

	 70–79
	3.99
	1.53
	10.43
	1.22
	0.32
	4.67

	 ≥ 80
	7.85
	2.92
	21.09
	2.13
	0.54
	8.42

	History of MI/PCI/CABG

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	1.19
	0.90
	1.59
	1.53
	1.12
	2.10

	Killip class on admission

	 I
	1.00
	Reference
	1.00
	Reference

	 II
	1.49
	0.96
	2.31
	2.86
	1.95
	4.21

	 III
	2.46
	1.66
	3.66
	3.22
	2.09
	4.93

	 IV
	4.01
	3.04
	5.29
	21.20
	10.60
	42.39

	CPR on arrival

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	3.73
	2.62
	5.31
	10.31
	3.25
	32.74

	Creatinine in µmol/L

	 < 70
	1.00
	Reference
	1.00
	Reference

	 70–105
	0.73
	0.51
	1.06
	0.71
	0.43
	1.16

	 106–140
	1.58
	1.08
	2.32
	1.35
	0.79
	2.31

	 141–176
	2.05
	1.27
	3.29
	1.20
	0.61
	2.36

	 177–353
	2.49
	1.50
	4.11
	1.21
	0.58
	2.55

	 ≥ 354
	3.55
	1.89
	6.67
	4.46
	2.46
	8.06

	Haemoglobin in g/dL

	 < 10
	1.00
	Reference
	1.00
	Reference

	 10–11
	1.21
	0.68
	2.14
	1.27
	0.72
	2.21

	 12–13
	0.81
	0.47
	1.41
	1.10
	0.61
	1.96

	 14–15
	0.56
	0.32
	0.99
	0.44
	0.22
	0.88

	 ≥ 16
	0.67
	0.37
	1.24
	0.42
	0.16
	1.10


CABG coronary artery bypass grafting, CI confidence interval, GHR glucose-HbA1c ratio, MI myocardial infarction, NSTEMI non-ST-segment elevation myocardial infarction, OR odds ratio, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction


Table 9Stress-hyprglycaemia ratio (SHR) as an independent predictor of 1-year all-cause mortality


	 	STEMI
	NSTEMI

	OR
	95% CI
	OR
	95% CI

	SHR

	 Below proposed cut-off
	1.00
	Reference
	1.00
	Reference

	 Above proposed cut-off
	2.20
	1.73
	2.79
	1.25
	0.90
	1.75

	Age in years

	 < 40
	1.00
	Reference
	1.00
	Reference

	 40–49
	1.24
	0.47
	3.31
	0.34
	0.08
	1.52

	 50–59
	1.45
	0.56
	3.74
	0.44
	0.11
	1.71

	 60–69
	2.21
	0.86
	5.69
	0.75
	0.20
	2.84

	 70–79
	3.88
	1.49
	10.15
	1.22
	0.32
	4.63

	 ≥ 80
	7.79
	2.90
	20.91
	2.11
	0.54
	8.32

	History of MI/PCI/CABG

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	1.19
	0.89
	1.58
	1.53
	1.12
	2.09

	Killip class on admission

	 I
	1.00
	Reference
	1.00
	Reference

	 II
	1.49
	0.96
	2.32
	2.85
	1.94
	4.20

	 III
	2.46
	1.65
	3.66
	3.20
	2.08
	4.93

	 IV
	4.06
	3.08
	5.36
	21.26
	10.64
	42.50

	CPR on arrival

	 No
	1.00
	Reference
	1.00
	Reference

	 Yes
	3.72
	2.62
	5.30
	10.29
	3.24
	32.71

	Creatinine in µmol/L

	 < 70
	1.00
	Reference
	1.00
	Reference

	 70–105
	0.72
	0.50
	1.05
	0.71
	0.43
	1.16

	 106–140
	1.57
	1.07
	2.31
	1.35
	0.79
	2.30

	 141–176
	2.07
	1.29
	3.33
	1.20
	0.61
	2.36

	 177–353
	2.44
	1.47
	4.03
	1.21
	0.58
	2.55

	 ≥ 354
	3.51
	1.86
	6.59
	4.43
	2.45
	8.01

	Haemoglobin in g/dL

	 < 10
	1.00
	Reference
	1.00
	Reference

	 10–11
	1.28
	0.73
	2.27
	1.27
	0.73
	2.22

	 12–13
	0.86
	0.50
	1.49
	1.10
	0.62
	1.96

	 14–15
	0.60
	0.34
	1.05
	0.45
	0.23
	0.88

	 ≥ 16
	0.73
	0.39
	1.34
	0.42
	0.16
	1.10


CABG coronary artery bypass grafting, CI confidence interval, MI myocardial infarction, NSTEMI non-ST-segment elevation myocardial infarction, OR odds ratio, PCI percutaneous coronary intervention, SHR stress-hyperglycaemia ratio, STEMI ST-segment elevation myocardial infarction



Discussion
The main findings of our study were: glucose, GHR, and SHR were independent predictors of 1-year all-cause mortality in STEMI patients, whereas glucose and HbA1c were independent predictors in NSTEMI patients. AUC analysis showed GHR and SHR performed better than glucose in predicting 1-year all-cause mortality in diabetic STEMI patients, whereas glucose, GHR, and SHR performed equally well in non-diabetic STEMI patients. Furthermore, AUC analysis revealed that glucose performed better than HbA1c in predicting 1-year all-cause mortality in both diabetic and non-diabetic NSTEMI patients. The optimal values for glucose, GHR, and SHR in STEMI patients were 15.0 mmol/L, 2.11, and 1.68 in diabetic patients and 10.6 mmol/L, 1.72, and 1.51 in non-diabetic patients with a negative predictive value of > 94%. Similarly, the optimal values for glucose were 10.87 mmol/L and 8.1 mmol/L in diabetic and non-diabetic NSTEMI patients respectively.
It is postulated that hyperglycaemia leads to poorer outcomes after AMI events due to an acute increase in cortisol and catecholamine levels secondary to activation of the sympathetic nervous system as a physiological response to stress [23]. Catecholamines suppress insulin release from the pancreatic β-cells and promote hepatic and muscular glycogenolysis. This decreases glucose uptake into the heart and causes hyperglycaemia. Cortisol reduces glucose transporter translocation in the peripheral tissues and increases liver gluconeogenesis and hence hyperglycaemia [24–26]. It is speculated that the hyperglycaemia causes a poor outcome as it induces oxidative stress [27], increases endothelial dysfunction [28] and reduces the cardioprotective effect of ischaemic preconditioning [29].
SHR and glucose as clinical outcome predictors
We found that the glucose and SHR were independent predictors of all-cause mortality at 1-year which corroborates the key finding from a recent report based on the Italian cohort where hyperglycaemia was an independent predictor of all-cause mortality in non-diabetic STEMI patients [30]. Therefore, glucose and SHR may improve the risk-stratification of STEMI patients. Clinicians can use this information to follow up on selected patients up more closely and be more aggressive in up-titrating goal-directed medical therapy and controlling their cardiovascular risk factors. The TIMI and GRACE risk scores have traditionally been used in prognosticating patients after acute myocardial infarction [31, 32]. Whether glucose or SHR adds independent prognostic value above the TIMI and GRACE risk scores needs to be validated in future studies.
Current guidelines provide a single glucose reading as a cut-off to define SH [2, 3]. There has also not been any clear protocol to date for the management of acute hyperglycaemia in AMI patients, with studies having conflicting results at best. Except for the DIGAMI-1 trial, results of subsequent larger randomized controlled trials with glucose-insulin-potassium infusions have been neutral or even caused increased hypoglycaemia rates [33–35]. One factor contributing to these results is that a single glucose cut-off was used. It may be worth considering recruiting patients based on the optimal glucose cut-off values or targeting the therapy to see if this would optimize outcomes in acutely hyperglycaemic patients. Our study support the findings by Hao et al. by demonstrating that there are different cut-off values for acute glucose in predicting adverse events at day 30 and year 3 depending on diabetic status [36]. Our study builds on the work by Hao et al. by studying 1-year all-cause mortality as a hard end-point, supporting the need for optimal glucose cut-off values separately for diabetic and non-diabetic STEMI patients.
Glucose and its related parameters are critical predictors for clinical outcomes following AMI. Hypoglycaemia on admission has been reported as a predictor of clinical outcomes in AMI patients [37–41]. Specifically, the prognostic value of hypoglycaemia was found mainly in diabetic patients on admission [38, 40, 41], and hypoglycaemia measured post-admission did not predict a worse outcome in AMI patients [39], indicating that hypoglycaemia may not be a direct mediator of the adverse outcomes and SHR may be a more reliable predictor for diabetic patients in general especially when only random glucose is available. In addition, the information on glycaemic status can be useful beyond prediction for short-term prognosis. Admission glucose is an independent predictor of long-term prognosis in non-diabetic AMI patients [42]. Interestingly, glucose variability between visits to clinic is associated with adverse cardiac remodeling after STEMI, suggesting that the clinical value of glucose and its related parameters is significant and should be investigated further [43].
Previously, Roberts et al. showed that SHR was an independent predictor of death or intensive care admission while glucose alone was not. A similar formula (random serum glucose/HbA1c) has subsequently been studied in a Korean post-AMI population of 4362 subjects from the COACT registry [44] and it showed that SHR predicted mortality, AMI and stroke in the non-diabetic STEMI population. An alternative method of calculating relative hyperglycaemia has been termed the glycaemic gap. This is calculated by subtracting the estimated average glucose levels over 3 months from the admission glucose [45]. Like the SHR, the glycaemic gap performs better than either admission glucose or HbA1c alone at predicting the risk of moderate-to-severe stroke [46]. Two recent publications have shown that using SHR as a biomarker showed increased mortality risks in diabetic Australian and Italian AMI patients [30, 47]. The former study was done on 192 patients in the HI-5 trial showing that relative but not absolute glycaemia during insulin treatment was associated with complications post-AMI [47]. The latter study consisted of 1553 consecutive AMI patients, and the study utilised a formula termed the acute-to-chronic glycemic ratio. Both studies showed that in AMI patients with diabetes, the glycemic ratio was a better predictor of in-hospital mortality than admission glycaemia [30]. Our study corroborates these findings that a metric adjusted for background glycemic control performs better in risk prediction. Further efforts are needed to standardize the use of a common metric of stress hyperglycaemia considering background glycemic control so that studies can be directly comparable and common definitions can be developed for future therapeutic studies.
Strengths and limitations
The strength of this study is that the study cohort of AMI patients was derived from a national registry-level database, which allowed comprehensive and accurate case capture. The use of the national death registry to track death outcomes meant that there was no lost to follow-up. However, we acknowledge several limitations of this study. We could not exclude the possibility of selection bias given that more than half the patients in the database were excluded from the analysis due to missing data. As this was a retrospective study, causality cannot be determined in this study. We also could not standardize the time in which the acute glucose levels were measured in hospital within the first 24 h of presentation as we used retrospective data, although this does reflect real-world practice. Therefore, the data of AMI-induced hyperglycaemia should be interpreted in the context that the stress-induced hyperglycaemia lasts about 8 h and the in-hospital measurement was done within 24 h [48]. Moreover, the blood glucose was measured after the PCI procedure in a very small subset of the AMI patients. We did not have all the variables to compute the GRACE and TIMI risk scores in our cohort and therefore we could not assess whether glucose or SHR provided additive prognostic value over those existing scores. However, we did adjust for prognostic factors available from the SMIR cohort.
Conclusion
In summary, in this national registry of AMI patients treated by PCI, glucose, GHR, and SHR were independent predictors of 1-year all-cause mortality in STEMI with acceptable negative and positive predictive values, whereas glucose was the only reliable predictor in NSTEMI patients. Our findings need to be validated in future studies.
Acknowledgements
We thank the staff members of the SMIR for providing us with the data that they have carefully collected and maintained its quality. We also thank the colleagues and staff members of Duke-NUS Medical School, SingHealth, National Heart Centre Singapore, and National University Hospital for their tremendous help on this project.

Authors’ contributions
CHS, MHC, HB, and DJH designed this study; HZ analyzed the data; CHS, MHC, JK, HB, and DJH interpreted the data. JK, CHS, MHC, HB, HZ, DJH wrote the manuscripts. AFH, JC, DF, LF, PZL, BWL, PC, TY, HT, TC, MYC, and JWCT provided constructive comments and insights. DJH and HB supervised and provided critical review of the manuscript. All authors read approved the final manuscript.

Funding
CHS was supported by the National University of Singapore Yong Loo Lin School of Medicine’s Junior Academic Faculty Scheme.
AFWH was supported by Khoo Clinical Scholars Programme, Khoo Pilot Award (KP/2019/0034), Duke-NUS Medical School and National Medical Research Council (NMRC/CS_Seedfd/012/2018).
DJH was supported by the Duke-National University of Singapore Medical School, Singapore Ministry of Health’s National Medical Research Council under its Clinician Scientist-Senior Investigator scheme (NMRC/CSA-SI/0011/2017) and Collaborative Centre Grant scheme (NMRC/CGAug16C006). This article is based upon work from COST Action EU-CARDIOPROTECTION CA16225 supported by COST (European Cooperation in Science and Technology).

Availability of data and materials
The datasets used in this study are property of the National Registry of Diseases and were collected primarily for internal use. De-identified data can be accessed for public health research purposes after appropriate approval is obtained from the Institutional Review Board and Ministry of Health.

Declarations
Ethics approval and consent to participate
The local institutional review board granted an exemption for written consent from the participants for this study (SingHealth CIRB Reference No: 2016/2480) as this study utilised de-identified data.

Consent for publication
Consent for publication was not applicable for this publication as the dataset contained de-identified data.

Competing interests
The author(s) declare no competing interests.


References
	1.
Ishihara M, Kojima S, Sakamoto T, Asada Y, Tei C, Kimura K, et al. Acute hyperglycemia is associated with adverse outcome after acute myocardial infarction in the coronary intervention era. Am Heart J. 2005;150:814–20.PubMed

	2.
O’Gara P, Kushner F, Ascheim D, Casey D, Chung M, de Lemos J, et al. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation. 2013;127:529–55.PubMed

	3.
Ibanez B, James S, Agewall S, Antunes M, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation: the Task Force for the management of acute myocardial infarction in patients presenting with ST-segment elevation of the European Socie. Eur Heart J. 2018;39:119–77.PubMed

	4.
Koracevic G. Proposal of a new approach to study and categorize stress hyperglycemia in acute myocardial infarction. J Emerg Med. 2016;51:31–6.PubMed

	5.
Koracevic G, Vasiljevic S, Velickovic-Radovanovic R, Sakac D, Obradovic S, Damjanovic M, et al. Stress hyperglycemia in acute myocardial infarction. Vojnosanit Pregl. 2014;71:858–69.PubMed

	6.
Deedwania P, Kosiborod M, Barrett E, Ceriello A, Isley W, Mazzone T, et al. Hyperglycemia and acute coronary syndrome: a scientific statement from the American Heart Association Diabetes Committee of the Council on Nutrition, Physical Activity, and Metabolism. Circulation. 2008;117:1610–9.PubMed

	7.
Roberts GW, Quinn SJ, Valentine N, Alhawassi T, O’Dea H, Stranks SN, et al. Relative hyperglycemia, a marker of critical illness: introducing the stress hyperglycemia ratio. J Clin Endocrinol Metab. 2015;100:4490–7.PubMed

	8.
Chen CL, Yen DHT, Lin CS, Tsai SH, Chen SJ, Sheu WHH, et al. Glycated hemoglobin level is an independent predictor of major adverse cardiac events after nonfatal acute myocardial infarction in nondiabetic patients: a retrospective observational study. Medicine (Baltimore). 2017;96:e6743.

	9.
Kakehi E, Kotani K, Gotoh T, Kayaba K, Ishikawa S. The ratio of fasting plasma glucose to hemoglobin A1c as a predictor of all-cause mortality in individuals with normal glucose levels: the Jichi Medical School cohort study. SAGE Open Med. 2019;7:205031211986039.

	10.
Ho A, Loy E, Pek P, Wah W, Tan T, Liu N, et al. Emergency medical services utilization among patients with ST-segment elevation myocardial infarction: observations from the Singapore myocardial infarction registry. Prehosp Emerg Care. 2016;20:454–61.PubMed

	11.
Yeo Y, Halimahton M, Kadir A, Li M, Ms Y, Ho L, et al. Singapore Myocardial Infarction Registry Annual Report 2017 National Registry of Diseases Office Acknowledgement. 2019.

	12.
Zheng H, Pek P, Ho A, Wah W, Foo L, Li JQ, et al. Ethnic differences and trends in ST-segment elevation myocardial infarction incidence and mortality in a multi-ethnic population. Ann Acad Med Singapore. 2019;48:75–85.PubMed

	13.
Sia C, Zheng H, Ho A, Bulluck H, Chong J, Foo D, et al. The Lipid Paradox is present in ST-elevation but not in non-ST-elevation myocardial infarction patients: Insights from the Singapore Myocardial Infarction Registry. Sci Rep. 2020;10:1–3.

	14.
Sia C, Ko J, Zheng H, Ho A, Foo D, Foo L, et al. Association between smoking status and outcomes in myocardial infarction patients undergoing percutaneous coronary intervention. Sci Rep. 2021;11:1–9.

	15.
Thygesen K, Alpert J, Jaffe A, Chaitman B, Bax J, Morrow D, et al. Fourth universal definition of myocardial infarction. J Am Coll Cardiol. 2018;72:2231–64.PubMed

	16.
Kilpatrick ES, Bloomgarden ZT, Zimmet PZ. International expert committee report on the role of the A1C assay in the diagnosis of diabetes: Response to the International Expert Committee. Diabetes Care. 2009;32:e159.PubMedPubMedCentral

	17.
Lu Z, Tang Y, Luo J, Zhang S, Zhou X, Fu L. Advances in targeting the transforming growth factor β1 signaling pathway in lung cancer radiotherapy. Oncol Lett. 2017;14:5681.PubMedPubMedCentral

	18.
Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its associated cutoff point. Biom J. 2005;47:458–72.PubMed

	19.
Hung H, Chiang CT. Optimal composite markers for time-dependent receiver operating characteristic curves with censored survival data. Scand J Stat. 2010;37:664–79.

	20.
Uno H, Cai T, Tian L, Wei LJ. Evaluating prediction rules for t-year survivors with censored regression models. J Am Stat Assoc. 2007;102:527–37.

	21.
Kamarudin AN, Cox T, Kolamunnage-Dona R. Time-dependent ROC curve analysis in medical research: current methods and applications. BMC Med Res Methodol. 2017;17:1–19.

	22.
Heagerty P, Lumley T, Pepe M. Time-dependent ROC curves for censored survival data and a diagnostic marker. Biometrics. 2000;56:337–44.PubMed

	23.
Christensen N, Videbaek J. Plasma catecholamines and carbohydrate metabolism in patients with acute myocardial infarction. J Clin Invest. 1974;54:278–86.PubMedPubMedCentral

	24.
Angeli F, Reboldi G, Poltronieri C, Lazzari L, Sordi M, Garofoli M, et al. Hyperglycemia in acute coronary syndromes: from mechanisms to prognostic implications. Ther Adv Cardiovasc Dis. 2015;9:412–24.PubMed

	25.
Dinneen S, Alzaid A, Miles J, Rizza R. Metabolic effects of the nocturnal rise in cortisol on carbohydrate metabolism in normal humans. J Clin Invest. 1993;92:2283–90.PubMedPubMedCentral

	26.
Preissig C, Rigby M. Hyperglycaemia results from beta-cell dysfunction in critically ill children with respiratory and cardiovascular failure: a prospective observational study. Crit Care. 2009;13:1–9.

	27.
Worthley M, Holmes A, Willoughby S, Kucia A, Heresztyn T, Stewart S, et al. The deleterious effects of hyperglycemia on platelet function in diabetic patients with acute coronary syndromes mediation by superoxide production, resolution with intensive insulin administration. J Am Coll Cardiol. 2007;49:304–10.PubMed

	28.
Loader J, Montero D, Lorenzen C, Watts R, Méziat C, Reboul C, et al. Acute hyperglycemia impairs vascular function in healthy and cardiometabolic diseased subjects: systematic review and meta-analysis. Arterioscler Thromb Vasc Biol. 2015;35:2060–72.PubMed

	29.
Kersten J, Schmeling T, Orth K, Pagel P, Warltier D. Acute hyperglycemia abolishes ischemic preconditioning in vivo. Am J Physiol. 1998;275:H721–5.PubMed

	30.
Marenzi G, Cosentino N, Milazzo V, De Metrio M, Cecere M, Mosca S, et al. Prognostic value of the acute-to-chronic glycemic ratio at admission in acute myocardial infarction: a prospective study. Diabetes Care. 2018;41:847–53.PubMed

	31.
Antman E, Cohen M, Bernink P, McCabe C, Horacek T, Papuchis G, et al. The TIMI risk score for unstable angina/non-ST elevation MI: a method for prognostication and therapeutic decision making. JAMA. 2000;284:835–42.PubMed

	32.
Fox K, Fitzgerald G, Puymirat E, Huang W, Carruthers K, Simon T, et al. Should patients with acute coronary disease be stratified for management according to their risk? Derivation, external validation and outcomes using the updated GRACE risk score. BMJ Open. 2014;4:e004425.PubMedPubMedCentral

	33.
Malmberg K, Rydén L, Efendic S, Herlitz J, Nicol P, Waldenström A, et al. Randomized trial of insulin-glucose infusion followed by subcutaneous insulin treatment in diabetic patients with acute myocardial infarction (DIGAMI study): effects on mortality at 1 year. J Am Coll Cardiol. 1995;26:57–65.PubMed

	34.
Mehta S, Yusuf S, Díaz R, Zhu J, Pais P, Xavier D, et al. Effect of glucose-insulin-potassium infusion on mortality in patients with acute ST-segment elevation myocardial infarction: the CREATE-ECLA randomized controlled trial. JAMA. 2005;293:437–46.PubMed

	35.
Bouida W, Beltaief K, Msolli M, Bzeouich N, Sekma A, Echeikh M, et al. One-year outcome of intensive insulin therapy combined to glucose-insulin-potassium in acute coronary syndrome: a randomized controlled study. J Am Heart Assoc. 2017;6:e006674.PubMedPubMedCentral

	36.
Hao Y, Lu Q, Li T, Yang G, Hu P, Ma A. Admission hyperglycemia and adverse outcomes in diabetic and non-diabetic patients with non-ST-elevation myocardial infarction undergoing percutaneous coronary intervention. BMC Cardiovasc Disord. 2017;17:1–9.

	37.
Korá Ceví CG, Mí S-D, Stojanoví M, Tomaševí M, Kostí T, Korá Ceví CM, et al. Single prognostic cut-off value for admission glycemia in acute myocardial infarction has been used although high-risk stems from hyperglycemia as well as from hypoglycemia (a narrative review). Prim Care Diabetes. 2020;14:594–604.

	38.
Ishihara M. Acute hyperglycemia in patients with acute myocardial infarction. Circ J. 2012;76:563–71.PubMed

	39.
Goyal A, Mehta S, Díaz R, Gerstein H, Afzal R, Xavier D, et al. Differential clinical outcomes associated with hypoglycemia and hyperglycemia in acute myocardial infarction. Circulation. 2009;120:2429–37.PubMed

	40.
Zhao S, Murugiah K, Li N, Li X, Xu Z, Li J, et al. Admission glucose and in-hospital mortality after acute myocardial infarction in patients with or without diabetes: a cross-sectional study. Chin Med J (Engl). 2017;130:767–75.

	41.
Yang S, Zhou Y, Hu D, Nie X, Liu Y, Hua Q, et al. Association between admission hypoglycaemia and in-hospital and 3-year mortality in older patients with acute myocardial infarction. Heart. 2010;96:1444–50.PubMed

	42.
Cui C, Zhou M, Cheng L, Ye T, Zhang Y, Zhu F, et al. Admission hyperglycemia as an independent predictor of long-term prognosis in acute myocardial infarction patients without diabetes: a retrospective study. J Diabetes Investig. 2021;12:1244–51.PubMed

	43.
Yang C, Shen Y, Ding F, Yang Z, Hu J, Shen W, et al. Visit-to-visit fasting plasma glucose variability is associated with left ventricular adverse remodeling in diabetic patients with STEMI. Cardiovasc Diabetol. 2020;19:1–11.

	44.
Yang Y, Kim T, Yoon K, Chung W, Ahn Y, Jeong M, et al. The stress hyperglycemia ratio, an index of relative hyperglycemia, as a predictor of clinical outcomes after percutaneous coronary intervention. Int J Cardiol. 2017;241:57–63.PubMed

	45.
Liao W, Lin C, Lee C, Wu Y, Chang W, Hsu C, et al. An elevated glycemic gap is associated with adverse outcomes in diabetic patients with acute myocardial infarction. Sci Rep. 2016;6:1–11.

	46.
Yang C, Liao W, Wang J, Tsai C, Lee J, Peng G, et al. Usefulness of glycated hemoglobin A1c-based adjusted glycemic variables in diabetic patients presenting with acute ischemic stroke. Am J Emerg Med. 2017;35:1240–6.PubMed

	47.
Lee T, Burt M, Heilbronn L, Mangoni A, Wong V, McLean M, et al. Relative hyperglycemia is associated with complications following an acute myocardial infarction: a post-hoc analysis of HI-5 data. Cardiovasc Diabetol. 2017;16:1–9.

	48.
Lønborg J, Vejlstrup N, Kelbæk H, Nepper-Christensen L, Jørgensen E, Helqvist S, et al. Impact of acute hyperglycemia on myocardial infarct size, area at risk, and salvage in patients with STEMI and the association with exenatide treatment: results from a randomized study. Diabetes. 2014;63:2474–85.PubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Optimal glucose, HbA1c, glucose-HbA1c ratio and stress-hyperglycaemia ratio cut-off values for predicting 1-year mortality in diabetic and non-diabetic acute myocardial infarction patients


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12933_2021_1395_Fig1_HTML.png
Excluded

6104 did not have PPCI during
hospitalization

544 were not admitted

2182 developed STEMI after
being admitted for other condition
6777 had missing blood glucose
or HbAlc

Total in SMIR
N=61439

Excluded:

35322 did not have PCI during
hospitalization

552 were not admitted

11892 developed STEMI after
being admitted for other condition
25108 had missing blood glucose
or HbAlc

3628 had fasting blood glucose or 6409 had fasting blood glucose or
blood glucose of unknown type blood glucose of unknown type
878 had random blood glucose STEMI NSTEMI 5929 had random blood glucose
measured more than one day after N=17647 N=43792 measured more than one day after
admission admission
78 had random blood glucose 662 had random blood glucose
<3.9 mmol/L <3.9 mmol/L
STEMI included for NSTEMI included for
analysis analySIS
N=5841 N=4105

With history of diabetes or|
admission HbA1¢>=6.5%| |

N=2820
Without history of

diabetes and admission

HbA1¢<6.5%
N=3021

With history of diabetes or
admission HbA1¢>=6.5%

N=2338

Without history of
diabetes and admission
HbA1¢<6.5%

N=1767






OEBPS/images/12933_2021_1395_Fig2_HTML.png
o | - o | P
© | © _|
o o
©0 ©
Z o 7| 2z o 7
= z
E= B
o =4
fo) Q
o 34 O
o~ N
° — glucose e — glucose
—— hbailc ~— hbailc
— GHR — GHR
o | — SHR 2 — SHR
o ’ ’
T T T T T T T T T T T T
0.0 0.2 04 06 08 1.0 0.0 0.2 0.4 06 0.8 1.0
1-Specificity 1-Specificity
AUC (95% CI) AUC (95% CI)
Glucose 63.3 (59.5-67.2) Glucose 72.0 (67.7-76.3)
HbAlc 47.1 (43.3-51.0) Hbalc 50.7 (46.5-54.9)
GHR 68.8 (64.8-72.8) GHR 71.9(67.7-76.2)
SHR 69.3 (65.4-73.2) SHR 71.7 (67.4-76.0)
o - o
@© _| ©
o o
© ©
o 7 2 o 7
=
.‘5
[ =4
< | B =
o o
N N ]
o — glucose o ’ — (glucose
~—— hbaic L — hbalc
— GHR - — GHR
S 1 SR 3 1 — SHR
T T T T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
1-Specificity 1-Specificity
AUC (95% CI) AUC (95% CI)
Glucose 52.8 (48.1-57.6) Glucose 62.0 (54.1-70.0)
Hbalc 42.5(37.6-47.4) Hbalc 51.1(43.3-58.9)
GHR 57.6 (52.8-62.4) GHR 60.9 (52.7-69.1)

SHR 58.8 (54.1-63.6) SHR 60.6 (52.2-68.9)





OEBPS/css/sidebar.gif





OEBPS/images/12933_2021_1395_Article_TeX_Equa.png
Acute glucose value (mmol/L)
[1.59 x HbA1c (%)] — 2.59

SHR =





