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Abstract
Background
Increased susceptibility to malnutrition and inadequate glycemic control are frequently observed in diabetic patients with coronary artery disease. The assessment of malnutrition is performed using the prognosis nutritional index (PNI). The inadequate glycemic control is measured using glycated hemoglobin (HbA1c). However, the combined effect of PNI and HbA1c on the prognosis in diabetic patients with coronary artery disease remains unknown.

Methods
A study was conducted at Beijing Anzhen Hospital and included 2,005 patients diagnosed with type 2 diabetes mellitus (T2DM) accompanied by acute coronary syndrome (ACS) who underwent percutaneous coronary intervention (PCI) from September 2021 to January 2022. Based on the median PNI and HbA1c, we categorized the patients into four groups including high (H)-PNI/low (L)-HbA1c, H-PNI/H-HbA1c, L-PNI/L-HbA1c, and L-PNI/H-HbA1c. Major adverse cardiac and cerebrovascular events (MACCE) were the primary outcome, including all-cause mortality, nonfatal myocardial infarction (MI), and nonfatal strokes.

Results
Throughout a median follow-up of 16.3 months, 73 patients had MACCE, which comprised 36 cases of all-cause mortality. In comparison to the H-PNI, the L-PNI showed an obvious rise in MACCE and all-cause mortality (log-rank P = 0.048 and 0.021, respectively) among the H-HbA1c group. Compared to the other groups, the L-PNI/H-HbA1c group exhibited the greatest risk of MACCE (adjusted hazard ratio [aHR]: 2.50, 95% confidence interval [CI] 1.20–5.23, P = 0.014) and all-cause mortality (HR: 3.20, 95% CI 1.04–9.82, P = 0.042). With the addition of PNI, MACCE and all-cause mortality prediction models performed significantly better in patients with ACS and T2DM after PCI, particularly in those with H-HbA1c levels.

Conclusions
The combination of L-PNI and H-HbA1c is a prognostic marker for MACCE and all-cause mortality in patients diagnosed with ACS and T2DM who underwent PCI. The PNI can serve as an assessment tool of malnutrition in patients with ACS and T2DM accompanied by H-HbA1c who underwent PCI. Therefore, monitoring the long-term change of the PNI deserves attention in clinical practice.
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Background
A minimally invasive method called percutaneous coronary intervention (PCI) is utilized to increase blood flow to the ischemic region by relieving the narrowing or occlusion of the coronary artery. However, despite improvements in treatment approaches and the use of PCI, there is still a high mortality rate associated with acute coronary syndrome (ACS) [1]. Diabetic patients with ACS have higher incidences of recurrent cardiovascular events than those without diabetes mellitus [2]. Identifying modifiable clinical risks is crucial to recognizing high-risk patients and improving their outcomes.
Malnutrition is an irreplaceable prognosticator of poor outcomes in patients with cardiovascular disease (CVD) [3]. The benefit of malnutrition compared to other clinical factors is that it can be modified [4]. However, the lack of an agreed-upon gold-standard method makes it difficult to diagnose malnutrition. Buzby et al. developed the prognostic nutritional index (PNI) for gastrointestinal surgery [5], which was subsequently modified by Onodera et al. [6]. Two previous studies have reported the predictive significance of PNI in patients with diabetes and CVD [7, 8]. Additionally, high glycated hemoglobin (HbA1c) is also related to poor outcomes in patients with diabetes and CVD [9]. Nevertheless, the correlation between the PNI, HbA1c, and outcomes in patients diagnosed with ACS accompanied by T2DM has not been investigated thoroughly after PCI.
Therefore, the purpose of this study is to investigate the combination of PNI and HbA1c on the prognosis in patients with ACS accompanied by T2DM undergoing PCI and the interaction between these two prognostic factors.

Methods
Study population
A retrospective cohort analysis encompassing 2,411 patients diagnosed with T2DM and ACS who underwent PCI between September 2021 and January 2022 was performed at Beijing Anzhen Hospital. The Electronic Medical Records System of Beijing Anzhen Hospital provided the baseline information at the time of admission. T2DM was defined as the use of oral antidiabetic drugs or insulin or the self-reporting of diabetes [10]. The existing guidelines classified ACS as either unstable angina pectoris (UAP), ST-segment elevation myocardial infarction (STEMI), or non-ST-segment elevation myocardial infarction (NSTEMI) [11]. The PCI was conducted following the standard clinical procedure [12, 13]. Study participants met the following inclusion criteria: (1) at least one clinical phenotype of ACS-UAP, NSTEMI, or STEMI; (2) diagnosis of T2DM; (3) undergoing PCI at Beijing Anzhen Hospital; and (4) complete medical records available, including data on serum albumin (Alb) levels, total lymphocyte counts (TLCs), and HbA1c levels. The exclusion criteria included age under 18 years, PCI failure, chronic liver or renal failure, infectious diseases, taking some drugs that may influence the levels of Alb, and TLCs, and missing clinical data including Alb, TLCs, and HbA1c levels. Patients without measurements of Alb levels, TLCs, or HbA1c levels (n = 272) and those who were missing follow-up data (n = 134) were excluded. Ultimately, the study included 2,005 patients (Fig. 1). All participants in the study provided their informed consent.
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Fig. 1The flowchart of participant selection



Laboratory data collection
After the patients fasted through the night, their blood samples were collected in the morning and examined in the central laboratory that same day using routine laboratory techniques. An automated blood cell counter was used to count the blood cells. An automatic biochemistry analyzer (Hitachi 7150, Tokyo, Japan) was used to quantify Alb, triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol(LDL-C), high-density lipoprotein cholesterol (HDL-C), uric acid (UA), glucose, creatinine (CR), and the estimated glomerular filtration rate (eGFR). High-performance liquid chromatography was used to measure HbA1c levels (BioRad Variant II TURBO HbA1c analyzer, USA).

Malnutrition and glycemic control assessment
The PNI was selected as an assessment for malnutrition, and the HbA1c level was used to measure poor glycemic control. The PNI = Alb (g/L) + 5×TLCs (×109/L) [6]. The median PNI and HbA1c levels were 52.9 and 7.0%, respectively. Based on median PNI and HbA1c levels, we divided the patients into four groups: high (H)-PNI/low (L)-HbA1c, H-PNI/H-HbA1c, L-PNI/L-HbA1c, and L-PNI/H-HbA1c.

Definition of CVD risk factors
Each CVD risk factor and health condition was defined based on well-established criteria. A current smoker was defined as someone who smokes seven cigarettes or more every week for at least 6 months [14]. The 2018 Chinese Heart Failure Guidelines defined heart failure (HF) as New York Heart Association class ≥ III [15]. Chronic kidney disease (CKD) is defined as eGFR of less than 60 mL/min/1.73 m2 [16]. The definition of hypertension included self-reported hypertension, and antihypertensive drug usage [17]. To meet the definition of hyperlipidemia, patients had to satisfy at least one of the following criteria: usage of medication to lower lipids or a self-reported record of dyslipidemia [18]. Coronary angiogram characteristics were visually measured and analyzed by a minimum of two experienced cardiologists.

Endpoints and follow-up
Major adverse cardiac and cerebrovascular events (MACCE) were the primary outcome. All-cause mortality was deemed cardiac if there was no clear noncardiac cause. The identification of MI was conducted in adherence to the Fourth Universal Definition of Myocardial Infarction. The classification of stroke encompassed both ischemic and hemorrhagic stroke. The termination of the follow-up period is contingent upon the earliest occurrence of MACCE, loss of follow-up, or the date of March 10, 2023.

Statistical analysis
Continuous variables are commonly reported as medians with interquartile ranges or mean values with standard deviations. Categorical variables are commonly expressed as percentages and frequencies. To identify potential disparities among subgroups, statistical tests, such as chi-square and analysis of variance, were employed.
Kaplan–Meier curves were used to examine the likelihood of survival between the groups through log-rank tests. By using Cox proportional hazard models, the hazard ratio (HR) was computed. Variables were chosen based on their established connections with poor prognosis, as determined using a univariate Cox regression analysis. Model 1 remained alone without any modifications. Model 2 was calibrated for age, sex, body mass index (BMI), and current smoking status. Adjusting for the variables obtained from Model 2 and recognized risk factors, including hypertension, hyperlipidemia, prior MI, HF, CKD, and ACS type, was modified in Model 3. Model 4 was altered to include the variables from Model 3, along with TG, TC, and LDL-C levels.
To examine whether adding the PNI to Model 5 (the variables in Model 4 plus HbA1c levels) would improve accuracy in predicting poor outcomes, the concordance index (C-index), net reclassification improvement (NRI), and integrated discrimination improvement (IDI) were collected. In Model 5, we conducted an additional investigation into the relationship between the PNI and poor outcomes using restricted cubic splines.
R software version 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria) was used to perform the statistical analysis. It was determined that the data was significant by using P < 0.05.


Results
Study population characteristics
Among the 2,005 enrolled patients, 1,717 (85.6%), 182 (9.1%), and 106 (5.3%) had UAP, NSTEMI, and STEMI, respectively. Among all the participants, those with L-PNI/L-HbA1c group were the oldest. More women and participants with lower BMI have been observed in the L-PNI/H-HbA1c group than in the other groups. Patients with worsening renal and cardiac function, as well as comorbidities and prior adverse events, were more common in the groups with L-PNI/H-HbA1c and L-PNI/L-HbA1c. Different groups did not experience significant increases in the severity of coronary lesions (Table 1).
Table 1Baseline characteristics of the study population


	Variable
	H-PNI/L-HbA1c (n = 512)
	H-PNI/H-HbA1c (n = 487)
	L-PNI/ L-HbA1c (n = 493)
	L-PNI/H-HbA1c (n = 513)
	P

	Age (years)
	58.5 ± 9.8
	58.7 ± 10.3
	64.0 ± 8.7
	61.9 ± 9.0
	< 0.001

	Women, n (%)
	125(24.4)
	144(29.6)
	133(27.0)
	177(34.5)
	0.03

	BMI (kg/m2)
	26.5 ± 3.3
	26.4 ± 3.3
	25.8 ± 3.1
	25.9 ± 3.2
	< 0.001

	Comorbidities, n (%)

	Hypertension
	383(74.8)
	332(68.2)
	374(75.9)
	371(72.3)
	0.034

	Hyperlipidemia
	427(83.4)
	430(88.3)
	387(78.5)
	439(85.6)
	< 0.001

	Current smoker
	163(31.8)
	151(31)
	119(24.1)
	131(25.5)
	0.011

	Prior MI
	69(13.5)
	72(14.8)
	101(20.5)
	87(17)
	0.017

	Prior PCI
	176(34.4)
	160(32.9)
	192(38.9)
	187(36.5)
	0.212

	Prior stroke
	32(6.3)
	42(8.6)
	52(10.5)
	52(10.1)
	0.068

	HF
	14(2.7)
	20(4.1)
	30(6.1)
	34(6.6)
	0.014

	CKD
	14(2.7)
	22(4.5)
	51(10.3)
	34(6.6)
	< 0.001

	PAD
	14(2.7)
	18(3.7)
	23(4.7)
	18(3.5)
	0.44

	ACS type, n (%)

	STEMI
	19(3.7)
	19(3.9)
	18(3.7)
	50(9.7)
	< 0.001

	NSTEMI
	33(6.4)
	34(7.0)
	47(9.5)
	68(13.3)
	< 0.001

	UAP
	460(89.9)
	434(89.1)
	428(86.8)
	397(77.0)
	< 0.001

	Procedure characteristics

	Multivessel disease, n (%)
	381(74.4)
	363(74.5)
	381(77.3)
	397(77.4)
	0.523

	Left main lesion, n (%)
	29(5.7)
	37(7.6)
	45(9.1)
	31(6)
	0.125

	Bifurcation lesion, n (%)
	67(13.1)
	47(9.7)
	45(9.1)
	67(13.1)
	0.18

	Chronic total occlusion, n (%)
	57(11.1)
	64(13.1)
	72(14.6)
	63(12.3)
	0.409

	Stent number
	1.6 ± 1.0
	1.6 ± 0.9
	1.6 ± 0.9
	1.6 ± 0.9
	0.623

	Total stent length (mm)
	30(20,48.5)
	32(20,51)
	32(20,51)
	30(20,50)
	0.761

	Basic laboratory data

	TLCs (×10/9L)
	2.1 ± 1.1
	2.2 ± 0.6
	1.4 ± 0.4
	1.5 ± 0.4
	< 0.001

	HGB (g/L)
	145.3 ± 14.9
	145.6 ± 15.3
	135.1 ± 17.2
	137.4 ± 16.7
	< 0.001

	Alb (g/L)
	47.0 ± 2.9
	46.4 ± 2.8
	42.4 ± 3.0
	41.8 ± 3.2
	< 0.001

	TG (mmol/L)
	1.6(1.2,2.1)
	1.7(1.3,2.4)
	1.4(1.1,1.9)
	1.5(1.1,2.2)
	< 0.001

	TC (mmol/L)
	4.0 ± 1
	4.3 ± 1.1
	3.9 ± 0.9
	4.2 ± 1.1
	< 0.001

	LDL-C (mmol/L)
	2.1 ± 0.8
	2.3 ± 0.9
	2.1 ± 0.8
	2.3 ± 0.9
	< 0.001

	HDL-C (mmol/L)
	1.1 ± 0.3
	1.0 ± 0.2
	1.0 ± 0.3
	1.0 ± 0.3
	0.051

	Glucose (mmol/L)
	6.7(5.8,7.8)
	8.6(6.9,11.2)
	6.7(5.7,7.9)
	9.0(6.9,12.3)
	< 0.001

	HbA1c (%)
	6.4 ± 0.5
	8.3 ± 1.0
	6.4 ± 0.5
	8.4 ± 1.1
	< 0.001

	CR (µmol/L)
	75.9(66.0,88.1)
	76.3(67.3,87.3)
	77.8(66.6,90.8)
	78.0(66.0,91.6)
	0.03

	eGFR (ml/min per 1.73 m2)
	92.6(66.0,91.6)
	92.2(76,102.0)
	87.3(70.8,95.8)
	86.6(70.9,98.2)
	< 0.001

	UA (µmol/L)
	330.5 ± 83.4
	330.5 ± 96.8
	332.3 ± 97.4
	319 ± 89.7
	0.002

	LVEF (%)
	61.7 ± 6.8
	60.9 ± 7.6
	60.1 ± 8
	59.1 ± 9
	< 0.001

	PNI
	56.4(54.7,59.0)
	56.7(54.9,59)
	56.4(48.1,51.8)
	50.1(47.6,51.6)
	< 0.001

	Pharmacotherapy, n (%)

	Aspirin
	503(98.2)
	474(97.3)
	484(98.2)
	503(98.1)
	0.729

	Clopidogrel
	318(62.1)
	301(61.8)
	335(68)
	341(66.5)
	0.1

	Ticagrelor
	197(38.5)
	192(39.4)
	161(32.7)
	179(34.9)
	0.095

	Statin
	511(99.8)
	485(99.6)
	491(99.6)
	511(99.6)
	0.925

	ACEI/ARB
	232(45.3)
	186(38.2)
	200(40.6)
	218(42.5)
	0.132

	β-Blocker
	357(69.7)
	349(71.7)
	317(64.3)
	340(66.3)
	0.057

	CCB
	196(38.3)
	170(34.9)
	192(38.9)
	176(34.3)
	0.314


Abbreviations: BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention; HF, Heart failure; CKD, Chronic kidney disease; PAD, Peripheral arterial disease; ACS, acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non–ST-segment elevation myocardial; UAP, unstable angina; infarction; TLCs, total lymphocyte count; HGB, hemoglobin; Alb, serum albumin; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; CR, creatinine; eGFR, estimated glomerular filtration rate; UA, uric acid; LVEF, left ventricular ejection fraction; PNI, prognostic nutritional index; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel antagonist




Effect of the PNI and HbA1c levels on clinical endpoint
Throughout a median follow-up of 16.3 months, 73 patients had MACCE, including 36, 17, and 20 cases of all-cause mortality, nonfatal MI, and nonfatal stroke, respectively. Based on Kaplan–Meier curves, L-PNI had a significantly higher association with MACCE and all-cause mortality than H-PNI in the overall study population (log-rank P = 0.006 and 0.003, respectively) (Fig. 2C, D), while no significant statistical association was found between H-HbA1c and MACCE or all-cause mortality (Fig. 2A, B). L-PNI demonstrated better performance in predicting MACCE and all-cause mortality than the H-PNI (log-rank P = 0.048 and 0.021, respectively) in the H-HbA1c group (Fig. 3C, D). In contrast, no statistical significance was found for the L-HbA1c group (log-rank P > 0.05 for both) (Fig. 3A, B). Additionally, Kaplan–Meier curves comparing all four groups revealed that the L-PNI/H-HbA1c group had the highest MACCE (log-rank P = 0.014) and all-cause mortality (log-rank P = 0.016), compared to the other groups (Fig. 4A, B).
[image: ]
Fig. 2Kaplan–Meier analysis for MACCE and all-cause mortality categorized based on HbA1c and PNI. (A) Kaplan–Meier curves of MACCE categorized based on HbA1c levels; (B) Kaplan–Meier curves of all-cause mortality categorized based on HbA1c levels; (C) Kaplan–Meier curves of MACCE categorized according to PNI; (D) Kaplan–Meier curves of all-cause mortality categorized based on PNI. PNI, prognostic nutritional index; HbA1c, glycated hemoglobin; MACCE, major adverse cardiac and cerebrovascular events
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Fig. 3Kaplan–Meier analysis for MACCE and all-cause mortality categorized based on PNI in different subgroups of HbA1c as follows: the L-HbA1c group (A, B), and the H-HbA1c group (C, D). PNI, prognostic nutritional index; HbA1c, glycated hemoglobin; MACCE, major adverse cardiac and cerebrovascular events
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Fig. 4Kaplan–Meier analysis for MACCE (A) and all-cause mortality (B) categorized based on PNI and HbA1c. PNI, prognostic nutritional index; HbA1c, glycated hemoglobin; MACCE, major adverse cardiac and cerebrovascular events


After adjusting for the variables of Model 4, the modified Cox proportional hazard models indicated that patients with L-PNI/H-HbA1c showed the greatest risk of all-cause mortality (adjusted hazard ratio [aHR] 3.20, 95% confidence interval [CI] 1.04–9.82, P = 0.042) and MACCE (aHR 2.50, 95%CI 1.20–5.23, P = 0.014) and in comparison to the remaining groups. The other two groups were not related to a significantly increased risk (Table 2).
Table 2Cox proportional hazard models for MACCE and all-cause mortality


	Groups
	Model 1
	Model 2
	Model 3
	Model 4

	MACCE
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P

	H-PNI/L-HbA1c
	1.00 (reference)
	/
	1.00 (reference)
	/
	1.00 (reference)
	/
	1.00 (reference)
	/

	H-PNI/H-HbA1c
	1.59(0.71–3.53)
	0.259
	1.59(0.71–3.53)
	0.258
	1.52(0.68–3.39)
	0.307
	1.51(0.68–3.39)
	0.313

	L-PNI/ L-HbA1c
	2.00(0.93–4.29)
	0.077
	1.82(0.84–3.95)
	0.128
	1.56(0.71–3.39)
	0.265
	1.60(0.73–3.48)
	0.239

	L-PNI/H-HbA1c
	2.94(1.44–6.04)
	0.003
	2.80(1.36–5.77)
	0.005
	2.47(1.18–5.14)
	0.016
	2.50(1.20–5.23)
	0.014

	All-cause mortality

	H-PNI/L-HbA1c
	1.00 (reference)
	/
	1.00 (reference)
	/
	1.00 (reference)
	/
	1.00 (reference)
	/

	H-PNI/H-HbA1c
	1.32(0.35–4.90)
	0.682
	1.31(0.35–4.88)
	0.687
	1.26(0.34–4.71)
	0.731
	1.29(0.34–4.84)
	0.708

	L-PNI/ L-HbA1c
	2.89(0.92–9.07)
	0.069
	2.48(0.78–7.86)
	0.123
	2.03(0.64–6.48)
	0.231
	2.06(0.64–6.58)
	0.223

	L-PNI/H-HbA1c
	4.05(1.35–12.10)
	0.012
	3.67(1.22–11.05)
	0.02
	3.14(1.03–9.60)
	0.044
	3.20(1.04–9.82)
	0.042


Data are presented as HR (hazard ratio), 95% CI (confidence intervals), and P-value
Model 1: unadjusted
Model 2: adjusted for Age, Sex, BMI, and Current smoker
Model 3: adjusted for Age, Sex, BMI, Current smoker, Hypertension, Hyperlipidemia, Prior MI, HF, CKD, ACS type
Model 4: adjusted for Age, Sex, BMI, Current smoker, Hypertension, Hyperlipidemia, Prior MI, HF, CKD, ACS type, TG, TC, LDL-C




Model discrimination
Table 3 shows that incorporating PNI into Model 5 improved the prediction of MACCE (increase in C-index from 0.664 to 0.681, P = 0.24; NRI 0.023, P = 0.023; IDI 0.005, P = 0.023) and all-cause mortality (increase in C-index from 0.727 to 0.763, P = 0.176; NRI 0.527, P < 0.001; IDI 0.007, P = 0.014;) in the overall study population. In patients with L-HbA1c, however, this improvement was not statistically significant (Table 3). MACCE, all-cause mortality, and continuous PNI showed a significant linear connection in patients with H-HbA1c levels (Fig. 5E, F); however, patients with L-HbA1c showed no significant association with there parameters (Fig. 5C, D).
Table 3Evaluation of predictive models for MACCE and all-cause mortality


	 	C-index (95%CI)
	P
	NRI (95%CI)
	P
	IDI (95%CI)
	P

	All participants

	MACCE

	Established factors
	0.664(0.598–0.731)
	Reference
	/
	Reference
	/
	Reference

	Established factors + PNI
	0.681(0.614–0.748)
	0.24
	0.266(0.035–0.497)
	0.023
	0.005(0–0.010)
	0.023

	All-cause mortality

	Established factors
	0.727 0.638–0.817)
	Reference
	/
	Reference
	/
	Reference

	Established factors + PNI
	0.763(0.676–0.849)
	0.176
	0.527(0.216–0.838)
	< 0.001
	0.007(0.001–0.013)
	0.014

	L-HbA1c group

	MACCE

	Established factors
	0.726(0.633–0.819)
	Reference
	/
	Reference
	/
	Reference

	Established factors + PNI
	0.724(0.626–0.822)
	0.917
	0.183(−0.184 to 0.550)
	0.327
	0.003(−0.001 to 0.008)
	0.133

	All-cause mortality

	Established factors
	0.725(0.591–0.858)
	Reference
	/
	Reference
	/
	Reference

	Established factors + PNI
	0.743(0.605–0.881)
	0.72
	0.404(−0.095 to 0.903)
	0.112
	0.008(−0.002 to 0.018)
	0.124

	H-HbA1c group

	MACCE

	Established factors
	0.686(0.604–0.768)
	Reference
	/
	Reference
	/
	Reference

	Established factors + PNI
	0.694(0.610–0.778)
	0.665
	0.331(0.037–0.626)
	0.027
	0.009(0–0.019)
	0.034

	All-cause mortality

	Established factors
	0.765(0.677–0.854 )
	Reference
	/
	Reference
	/
	Reference

	Established factors + PNI
	0.796(0.714–0.879)
	0.257
	0.534(0.126–0.942)
	0.01
	0.011(0–0.023)
	0.053


Established risk factors included Age, Sex, BMI, Current smoker, Hypertension, Hyperlipidemia, Prior MI, HF, CKD, ACS type, TG, TC, LDL-C, and HbA1c. 95% CI, 95% confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improvement; PNI, prognostic nutritional index
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Fig. 5Restricted spline curves for the associations between PNI, MACCE, and all-cause mortality stratified by all participants (A, B), L-HbA1c group (C, D), and H-HbA1c group (E, F). PNI, prognostic nutritional index; HbA1c, glycated hemoglobin; MACCE, major adverse cardiac and cerebrovascular events




Discussion
This is the initial investigation to examine the correlation between PNI and HbA1c levels, as well as the poor outcomes in patients diagnosed with T2DM and ACS who underwent PCI and the interaction between the two prognostic factors. The main findings can be summarized as follows: (1) L-PNI had a significant effect on MACCE and all-cause mortality in the overall patients; (2) For MACCE and all-cause mortality, H-HbA1c exacerbated the negative impact of L-PNI; (3) patients in the L-PNI/H-HbA1c group encountered the highest rates of MACCE and all-cause mortality; and (4) incorporating PNI significantly improved model performance for predicting MACCE and all-cause mortality in all patients, particularly in individuals with H-HbA1c levels. The results highlight the importance of the PNI and its interaction with HbA1c levels in patients with ACS accompanied by T2DM who underwent PCI.
Previous research has demonstrated that there is an important association between malnutrition and poor outcomes in patients with ACS or T2DM [19, 20]. Various nutritional screening tools have been proposed, apart from the PNI, such as the geriatric nutritional risk index (GNRI), the subjective global assessment (SGA), the controlling nutritional status (CONUT) score, TG-TC-body weight index (TCBI), and mini-nutritional assessment (MNA), each of which has advantages and disadvantages. Due to the subjectivity of the parameters used, the clinical experience of the evaluators may influence the results of SGA or MNA [21]. With statins being widely used in patients with CVD, the measurement of the CONUT score and TCBI may be affected [22, 23]. Since the GNRI uses body weight for calculation, patients with normal or high BMI can be underestimated as malnourished [24]. Additionally, the PNI was found to be more accurate than GNRI, TCBI, and COUNT scores in predicting mortality in the general population [25]. Compared to the other assessments, the PNI is an easy and efficient screening tool that uses widely available markers of malnutrition. Therefore, the PNI was chosen to evaluate malnutrition of patients with ACS complicated with T2DM who underwent PCI.
Consistent with previous findings [19, 26], poor nutritional status, defined in the study as L-PNI, was related to poor prognosis in patients with ACS. The included patients who were L-PNI/H-HbA1c had the highest risk of MACCE and all-cause mortality. H-HbA1c aggravated the adverse effects of L-PNI. A significant negative nitrogen balance is frequently linked to H-HbA1c levels in patients with diabetes. The unevenness is partially caused by increased protein degradation and elimination, along with reduced protein production. Therefore, an increased risk of malnutrition exists [27], and it further worsens insulin resistance, negatively impacting the overall health of the patient. Contrary to patients in the H-PNI/H-HbA1c, patients in the L-PNI/H-HbA1c faced an increased likelihood of MACCE and all-cause mortality, consistent with prior research suggesting that malnutrition is more widespread than other long-term comorbidities, underscoring the importance of PNI [7]. HbA1c levels are typically managed actively, whereas subclinical PNI is typically not managed. This may explain the differential impact of these two factors on poor prognosis. H-HbA1c enhanced the detrimental impact of L-PNI on the prognosis in patients with diabetes, possibly because of their different underlying mechanisms. Patients with DM with H-HbA1c have a greater chance of experiencing each distinct disease entity when inflammation and malnutrition are combined [22]. It is also possible that malnutrition aggravates systemic inflammation in patients with diabetes, leading to poor outcomes [28, 29]. Overall, inflammation and malnutrition are significant predictors of poor prognosis after PCI in patients with ACS complicated with T2DM.
Therefore, incorporating malnutrition screening into daily clinical practice is essential for patients with ACS. By implementing malnutrition screening, patients who are at an elevated risk are identified and provided with targeted secondary prevention interventions [30]. Malnutrition can be prevented and treated using various multidisciplinary strategies, including oral nutritional supplements, fortification or enrichment of foods or fluids, and dietary counseling [31]. Along with other intensive lifestyle changes, dietary interventions have been associated with significant reductions in coronary atherosclerosis [32]. Furthermore, preventing malnutrition may be even more crucial in patients with ACS and T2DM to avoid a deterioration in their nutritional status and general health.
Study strengths and limitations
This research has several strengths. First, an adequate sample size was used in the study, which was performed at Beijing Anzhen Hospital, the biggest cardiovascular center in China. Second, the relationship between PNI and HbA1c on the prognosis of patients with ACS accompanied by T2DM undergoing PCI was explored for the first time. Third, the present investigation revealed that patients’ nutritional state should be taken seriously, especially if they have elevated H-HbA1c levels. Nevertheless, there were certain limitations associated with this research. First, the fact that this single-center study which is restricted to the Chinese population limits the applicability of these findings to other populations. Second, PNI changes over time may impact poor outcomes; however, this is unclear. Third, the lack of data pertaining to education, income, and dietary patterns limits our understanding of the fundamental determinants that contribute to the prevalence of malnutrition. Fourth, the information on CRP values was not available in the current database. Finally, no comparison was made regarding the predictive significance of various nutritional assessment instruments.


Conclusions
The correlation between L-PNI and H-HbA1c is a vital indicator for MACCE and all-cause mortality in patients diagnosed with ACS and T2DM following PCI. The PNI can serve as an evaluation for the risk of malnutrition, particularly in those with H-HbA1c levels. Furthermore, monitoring malnutrition through the PNI could better identify patients susceptible to cardiovascular events.
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	NRI
	net reclassification improvement

	IDI
	integrated discrimination improvement

	CI
	confidence interval

	HR
	hazard ratio

	SGA
	subjective global assessment

	MNA
	mini-nutritional assessment

	CONUT
	controlling nutritional status

	TCBI
	TG-TC-body weight index

	GNRI
	geriatric nutritional risk index




References
	1.
Szummer K, Jernberg T, Wallentin L. From early pharmacology to recent pharmacology interventions in acute coronary syndromes: JACC state-of-the-art review. J Am Coll Cardiol. 2019;74:1618–36.CrossrefPubMed


	2.
Ray KK, Colhoun HM, Szarek M, Baccara-Dinet M, Bhatt DL, Bittner VA, et al. Effects of alirocumab on cardiovascular and metabolic outcomes after acute coronary syndrome in patients with or without Diabetes: a prespecified analysis of the ODYSSEY OUTCOMES randomised controlled trial. Lancet Diabetes Endocrinol. 2019;7:618–28.CrossrefPubMed


	3.
Tonet E, Campana R, Caglioni S, Gibiino F, Fiorio A, Chiaranda G, et al. Tools for the assessment of the Malnutrition status and possible interventions in elderly with Cardiovascular Diseases. J Clin Med. 2021;10:1508.CrossrefPubMedPubMedCentral


	4.
Freeman AM, Morris PB, Barnard N, Esselstyn CB, Ros E, Agatston A, et al. Trending cardiovascular nutrition controversies. J Am Coll Cardiol. 2017;69:1172–87.CrossrefPubMed


	5.
Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato EF. Prognostic nutritional index in gastrointestinal Surgery. Am J Surg. 1980;139:160–7.CrossrefPubMed


	6.
Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal Surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi. 1984;85:1001–5.PubMed


	7.
Li T, Yuan D, Wang P, Zeng G, Jia S, Zhang C, et al. Association of prognostic nutritional index level and Diabetes status with the prognosis of coronary artery Disease: a cohort study. Diabetol Metab Syndr. 2023;15:58.CrossrefPubMedPubMedCentral


	8.
Li T, Wang X, Liu Z, Zhang Z, Zhang Y, Wang Z, et al. Prevalence and prognostic significance of Malnutrition in patients with abnormal glycemic status and coronary artery Disease: a multicenter cohort study in China. Nutrients. 2023;15:732.CrossrefPubMedPubMedCentral


	9.
Gerstein HC, Miller ME, Genuth S, Ismail-Beigi F, Buse JB, Goff DC Jr., et al. Long-term effects of intensive glucose lowering on cardiovascular outcomes. N Engl J Med. 2011;364:818–28.CrossrefPubMed


	10.
2. Classification and diagnosis of Diabetes: standards of medical care in diabetes-2019. Diabetes Care. 2019;42:13–s28.Crossref


	11.
Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth universal definition of Myocardial Infarction (2018). J Am Coll Cardiol. 2018;72:2231–64.CrossrefPubMed


	12.
Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, et al. 2015 ACC/AHA/SCAI focused update on primary percutaneous coronary intervention for patients with ST-elevation Myocardial Infarction: an update of the 2011 ACCF/AHA/SCAI guideline for percutaneous coronary intervention and the 2013 ACCF/AHA guideline for the management of ST-elevation Myocardial Infarction. J Am Coll Cardiol. 2016;67:1235–50.CrossrefPubMed


	13.
Jneid H, Anderson JL, Wright RS, Adams CD, Bridges CR, Casey DE Jr., et al. 2012 ACCF/AHA focused update of the guideline for the management of patients with unstable angina/Non-ST-elevation Myocardial Infarction (updating the 2007 guideline and replacing the 2011 focused update): a report of the American College of Cardiology Foundation/American Heart Association Task Force on practice guidelines. Circulation. 2012;126:875–910.CrossrefPubMed


	14.
Li M, Xu Y, Wan Q, Shen F, Xu M, Zhao Z, et al. Individual and combined associations of modifiable lifestyle and metabolic health status with new-onset Diabetes and major cardiovascular events: the China Cardiometabolic Disease and Cancer Cohort (4 C) study. Diabetes Care. 2020;43:1929–36.CrossrefPubMed


	15.
Chinese guidelines for the diagnosis and treatment of heart failure 2018. Zhonghua Xin xue guan bing za zhi. 2018;46:760–89.


	16.
Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR from serum creatinine in Japan. Am J Kidney Dis. 2009;53:982–92.CrossrefPubMed


	17.
Kjeldsen SE, Farsang C, Sleigh P, Mancia G. 1999 WHO/ISH Hypertension guidelines–highlights and esh update. J Hypertens. 2001;19:2285–8.CrossrefPubMed


	18.
2016 Chinese guideline for the management of dyslipidemia in adults. Zhonghua Xin Xue Guan Bing Za Zhi. 2016;44:833 – 53.


	19.
Raposeiras Roubín S, Abu Assi E, Cespón Fernandez M, Barreiro Pardal C, Lizancos Castro A, Parada JA, et al. Prevalence and prognostic significance of Malnutrition in patients with acute coronary syndrome. J Am Coll Cardiol. 2020;76:828–40.CrossrefPubMed


	20.
Sanz París A, García JM, Gómez-Candela C, Burgos R, Martín Á, Matía P. Malnutrition prevalence in hospitalized elderly diabetic patients. Nutr Hosp. 2013;28:592–9.PubMed


	21.
Poulia KA, Yannakoulia M, Karageorgou D, Gamaletsou M, Panagiotakos DB, Sipsas NV, et al. Evaluation of the efficacy of six nutritional screening tools to predict Malnutrition in the elderly. Clin Nutr. 2012;31:378–85.CrossrefPubMed


	22.
Wang J, Chen L, Huang Z, Lu J, Yang Y, Zhao X, et al. A synergistic association between inflammation, Malnutrition, and mortality in patients with diabetics. Front Nutr. 2022;9:872512.CrossrefPubMedPubMedCentral


	23.
Ishiwata S, Yatsu S, Kasai T, Sato A, Matsumoto H, Shitara J, et al. Prognostic effect of a novel simply calculated nutritional index in acute decompensated Heart Failure. Nutrients. 2020;12:3311.CrossrefPubMedPubMedCentral


	24.
Kunimura A, Ishii H, Uetani T, Aoki T, Harada K, Hirayama K, et al. Impact of geriatric nutritional risk index on cardiovascular outcomes in patients with stable coronary artery Disease. J Cardiol. 2017;69:383–8.CrossrefPubMed


	25.
Fan H, Huang Y, Zhang H, Feng X, Yuan Z, Zhou J. Association of four nutritional scores with all-cause and cardiovascular mortality in the general population. Front Nutr. 2022;9:846659.CrossrefPubMedPubMedCentral


	26.
Keskin M, Hayıroğlu MI, Keskin T, Kaya A, Tatlısu MA, Altay S, et al. A novel and useful predictive indicator of prognosis in ST-segment elevation Myocardial Infarction, the prognostic nutritional index. Nutr Metab Cardiovasc Dis. 2017;27:438–46.CrossrefPubMed


	27.
Ahmed N, Choe Y, Mustad VA, Chakraborty S, Goates S, Luo M, et al. Impact of Malnutrition on survival and healthcare utilization in Medicare beneficiaries with Diabetes: a retrospective cohort analysis. BMJ Open Diabetes Res Care. 2018;6:e000471.CrossrefPubMedPubMedCentral


	28.
Sharif S, Van der Graaf Y, Cramer MJ, Kapelle LJ, de Borst GJ, Visseren FLJ, et al. Low-grade inflammation as a risk factor for cardiovascular events and all-cause mortality in patients with type 2 Diabetes. Cardiovasc Diabetol. 2021;20:220.CrossrefPubMedPubMedCentral


	29.
Jensen GL. Malnutrition and inflammation-burning down the house: inflammation as an adaptive physiologic response versus self-destruction? JPEN J Parenter Enteral Nutr. 2015;39:56–62.CrossrefPubMed


	30.
Schuetz P, Fehr R, Baechli V, Geiser M, Deiss M, Gomes F, et al. Individualised nutritional support in medical inpatients at nutritional risk: a randomised clinical trial. Lancet. 2019;393:2312–21.CrossrefPubMed


	31.
Khor PY, Vearing RM, Charlton KE. The effectiveness of nutrition interventions in improving frailty and its associated constructs related to Malnutrition and functional decline among community-dwelling older adults: a systematic review. J Hum Nutr Diet. 2022;35:566–82.CrossrefPubMed


	32.
Esselstyn CB. A plant-based diet and coronary artery Disease: a mandate for effective therapy. J Geriatr Cardiol. 2017;14:317–20.PubMedPubMedCentral




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


OEBPS/images/12944_2023_1992_Fig2_HTML.png
Cumulative incidences

Cumulative incidences

MACCE

0.089 __ [ mpalC
— H-HbAIC
0.06 Log-rank p=0.072
0.04 -
0.02
0.00 T T T T 1
0 5 10 15 20 25
Time in months
MACCE
0.08 — LPNI
— H-PNI
0069 1 4g_rank p=0.006
0.04—
0.02
0.00 T T T T 1
0 5 10 15 20 25

Time in months

Cumulative incidences

Cumulative incidences

All cause mortality

0.049 — rmbalC
—— H-HbAIC
0.03- Log-rank p=0.307
0.02 -
0.01-
0.00 T T T T 1
0 5 10 15 20 25
Time in months
All cause mortality
0.044 _ L-PNI
— H-PNI
0.03 Log-rank p=0.003
0.02—
0.01 /_/_/—,_
0.00 T T T T 1
0 5 10 15 20 25

Time in months





OEBPS/images/12944_2023_1992_Fig5_HTML.png
MACCE All-cause mortality

35- Bs.
P for overall = 0.020 P for overall = 0.005
3.0- P for nonlinear = 0.528 P for nonlinear = 0.848

! o
O 25- o
X X

) © 3
. . e g
All participants 2 2
© ©
° °
& <
1. 3
T T

0.0~ \ \ ) ; 3 3 s
35 40 45 50 55 60 65 70
PNI
C so- D,.
P for overall = 0.400 P for overall = 0.117
P for nonlinear = 0.654 6 P for nonlinear = 0.671
25~
5 Ss-
X 20- ®
Yo} Yo}
2 S 4-
L-HbAlc group g1 £
T 7
© ©
8 S 2-
T T
1L L A I
0.0~ \ . . . . 0- . 3 . . .
40 45 50 55 60 65 40 45 50 55 60 65
PNI PNI
E 30- F,.
P for overall = 0.049 P for overall = 0.041
P for nonlinear = 0.627 P for nonlinear = 0.827
25-
= =3-
(@] (&)
X 20- ®
Yol Yol
Q3 &3
H-HbAlc group 21 2
7 7
© ©
N N
© ©
T T

35 40 45 50 55 60 65
PNI






OEBPS/navigation.xhtml

    
      Contents


      
        		Combination of the glycated hemoglobin levels and prognostic nutritional index as a prognostic marker in patients with acute coronary syndrome and type 2 diabetes mellitus


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12944_2023_1992_Fig4_HTML.png
>

Cumulative incidences

0.08 -

S

>

=N
1

0.04 -

0.02 -

MACCE

— H-PNI/L-HbAlc Log-rank p=0.014
— H-PNI/H-HbAlc

— L-PNI/L-HbAlc
L-PNI/H-HbAlc

T T T
5 10 15 20

Time in months

25

Cumulative incidences

0.06-

0.04—

0.02

0.00

All cause mortality

H-PNI/L-HbAlc
H-PNI/H-HbAlc

L-PNI/L-HbAlc
L-PNI/H-HbAlc

Log-rank p=0.016

T T T
5 10 15

Time in months

20

25





OEBPS/css/envelope.png





OEBPS/images/12944_2023_1992_Fig3_HTML.png
Cumulative incidences

Fraction death

MACCE

0.08 | png

— H-PNI
0.06 Log-rank p=0.071

0.04 -
0.02
0.00 T T T T 1

0 5 10 15 20 25

Time in months
L-HbA1C group
MACCE
0087 . [_pNI
— H-PNI

0.06-] Log rank p=0.048
0.04 -
0.02
0.00 T T T T 1

0 5 10 15 20 25

time

H-HbA1C group

Cumulative incidences

Cumulative incidences

All cause mortality

0.04_ — L_I)NI
— H-PNI
0.03- Log-rank p=0.057
0.02
0.01 -
0.00 T T T T 1
0 5 10 15 20 25
Time in months
L-HbA1C group
All cause mortality
0.041 — L-PNI
—— H-PNI
0.03—- Log-rank p=0.021
0.02 -
0.01
0.00 I I I I 1
0 5 10 15 20 25

Time in months

H-HbA1C group





OEBPS/css/sidebar.gif





OEBPS/images/12944_2023_1992_Fig1_HTML.png
T2DM Patients with ACS undergoing PCI from September 2021 to January 2022(n=2411)

Exclusion:

Missing albumin level, lymphocyte count and HbAlc level(n=272)
Missing follow-up (n=134)

Patients included in the final analysis(n=2005)

The median of PN

I(Low vs. High)

The median of HbAlc (Low vs. High)

A 4

A 4

H-PNI/L-HbAlc(n=512)

H-PNI/H-HbA 1c(n=487)

L-PNI/ L-HbA 1 c(n=493) L-PNI/H-HbAlc (n=513)






