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Purpose: Our study aimed to identify new-onset atrial fibrillation (NOAF) risk factors in acute myocardial infarction (AMI) patients after 
treatment with percutaneous coronary intervention (PCI) and investigate whether their nutritional status can be a predicting factor of NOAF.
Patients and Methods: We analyzed 662 AMI patients after PCI for NOAF occurrence during follow-up hospitalization and divided 
them into an NOAF and non-NOAF group. The patients’ nutritional status was assessed using the controlling nutritional status 
(CONUT) score and geriatric nutritional risk index (GNRI). The Kaplan‒Meier analysis was used to assess NOAF-free survival in 
varying degrees of malnutrition. Cox proportional hazards models were used to identify the risk factors for NOAF.
Results: Eighty-four (12.7%) patients developed NOAF during hospitalization. There was a statistically significant difference in the 
occurrence of NOAF among different categories of nutritional status. The CONUT score and GNRI classifications were independent 
predictors of NOAF. NOAF occurrence was associated with older age, higher uric acid levels, higher N-terminal pro-B-type natriuretic 
peptide levels, greater left atrial size, and worse Killip class upon admission.
Conclusion: The nutritional status can affect NOAF occurrence in AMI patients after PCI. The CONUT score and GNRI are ideal 
tools for evaluating the nutritional status of AMI patients, with an excellent predictive effect on NOAF.
Keywords: atrial fibrillation, acute myocardial infarction, malnutrition, controlling nutritional status, geriatric nutritional risk index

Introduction
Atrial fibrillation (AF) is the most prevalent type of cardiac arrhythmia worldwide. It is also a common complication of 
acute myocardial infarction (AMI), occurring at a rate of 3% to 22%1‒3 and is related to negative outcomes.4,5 Many 
studies6–9 have associated new-onset atrial fibrillation (NOAF) in AMI patients with in-hospital mortality and poor 
prognosis. Therefore, it is important to identify AMI patients who are at a higher risk of developing NOAF.

The nutritional status has been consistently linked to cardiovascular disorders such as heart failure, myocardial 
infarction and arrhythmias. However, malnutrition is a widespread condition among hospitalized patients. Some studies 
have shown that it is also associated with poorer outcomes in AMI, such as prolonged hospital stays, the risk of adverse 
complications and increased mortality.10,11 While timely nutritional intervention can improve patient outcomes, only 
a few studies have investigated the relationship between nutritional status and NOAF development in AMI patients.

Our study aimed to investigate whether nutritional status can be a predicting factor of NOAF and identify NOAF risk 
factors in AMI patients after treatment with percutaneous coronary intervention (PCI).

Materials and Methods
Study Population
This retrospective study was conducted between January 2019 and January 2021 at a single center in China. We recruited 
755 AMI patients without a history of AF who were undergoing PCI in the ZheJiang Provincial People’s Hospital. AMI 
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included ST-segment elevation myocardial infarction (STEMI) and non- STEMI. These diagnostic standards met the 
European Society of Cardiology/American College of Cardiology diagnostic criteria for AMI.12,13 NOAF was defined as 
AF occurring during hospitalization after surgery based on documentation of AF episodes (≥ 30s in duration) using 
continuous telemetry throughout hospitalization, 12-lead electrocardiogram (ECG), or Holter monitoring. Exclusion 
criteria included (1) age < 18 years; (2) severe cardiac valve diseases or congenital heart disease; (3) end-stage renal 
disease (estimated glomerular filtration rate [eGFR] < 15 mL/min/1.73m2) or severe liver malfunction, cirrhosis, a history 
of hepatic malignancy, blood system diseases, or severe infections and other malignancies; (4) death during hospitaliza-
tion; and (5) insufficient data. First, we enrolled 755 AMI patients who underwent PCI. Subsequently, we excluded 16 
patients with lung infection, 23 on dialysis, 25 with malignancy, 10 who died in the hospital, and 19 with incomplete 
data. Ultimately, 662 patients participated in the study (Figure 1).

Figure 1 Study population. 
Abbreviations: AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; NOAF, new-onset atrial fibrillation; CONUT, controlling nutritional status; 
GNRI, geriatric nutritional risk index.
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Data Collection
The following general data were obtained from the patients’ medical records: age, sex, height, weight, body mass index 
assessed at the clinic, heart rate, systolic blood pressure, diastolic blood pressure, medication use, current smoking and 
drinking status, laboratory test results on the day of admission (white blood cell, lymphocyte, monocyte, neutrophil, 
platelet, and red blood cell count, hemoglobin, high-sensitivity C-reactive protein, total cholesterol, triglyceride, low- 
density lipoprotein cholesterol, high-density lipoprotein cholesterol, serum creatinine, eGFR, N-terminal pro-B-type 
natriuretic peptide [NT-proBNP], B-type natriuretic peptide [BNP], and cardiac troponin I levels), presence of comor-
bidities such as hypertension, diabetes mellitus, history of stroke, history of coronary heart disease, chronic obstructive 
pulmonary disease, type of AMI, type of coronary artery stenosis, Killip class, and echocardiography results such as left 
atrial diameter (LAD) and left ventricular ejection fraction (LVEF). The body mass index was calculated as weight (kg) 
divided by height (m) squared. Coronary artery stenosis is defined as stenosis of ≥ 50% in any coronary artery (including 
the left main artery, left anterior descending artery, left circumflex artery, and right coronary artery) by coronary 
angiography. During physical examination, the patients were divided into four classes according to the Killip‒Kimball 
classification:14 class I: no signs of heart failure; class II: left heart failure with lung rales occupying < 50% of the lung 
field; class III: acute pulmonary edema; and class IV: cardiogenic shock with varying degrees of hemodynamic changes. 
A well-trained, experienced sonographer performed transthoracic echocardiography.

Nutritional Status Evaluation
The controlling nutritional status (CONUT)15 score was determined using serum albumin and total cholesterol levels and 
lymphocyte count (Table 1). According to the CONUT score, the patients were divided into three groups: normal (0–1), 
mild malnutriton (2-4), and moderate-severe malnutrition (≥ 5).16 The geriatric nutritional risk index (GNRI) score was 
calculated using the serum albumin level and body weight using the following formula: GNRI = [1.489 × albumin (g/ 
dL)] + [41.7 × body weight (kg)/ideal body weight (kg)]. The ideal body weight (kg) in men was calculated as height 
(cm) − 100 − [(height (cm) − 150)/4], and in women, it was calculated as height (cm) − 100 − [(height (cm) − 150)/ 
2.5].17 Similarly, according to the GNRI scores, the patients were divided into four groups: normal (> 98), mild 
malnutrition (92–98), moderate malnutrition (82–91), and severe malnutrition (< 82) groups.18

Follow-Up
All patients underwent continuous telemetry throughout hospitalization, using a 12-lead ECG at least once a day. They 
also completed a 24-hour Holter monitoring during hospitalization. The follow-up endpoint was the patient’s discharge. 
The follow-up period for each ECG was recorded daily. Analysis of ECG, continuous telemetry, and Holter monitoring 
showed that AF was considered to indicate NOAF occurrence.

Table 1 CONUT Scoring System

Parameters Range and Score

Serum albumin (g/L) ≥ 35.0 30.0–34.9 25.0–29.9 < 25.0

Score 0 2 4 6

Total Cholesterol (mg/dL) ≥ 180 140–179 100–139 < 100

Score 0 1 2 3

Total lymphocyte count (cells/mm3) ≥ 1600 1200–1599 800–1199 < 800

Score 0 1 2 3

Abbreviation: CONUT, controlling nutritional status.
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Statistical Analysis
Normally distributed continuous variables are presented as mean and standard deviation, whereas non-normally dis-
tributed data are presented as median with interquartile range (IQR). The Kolmogorov–Smirnov test was used to analyze 
normally distributed data. The Mann‒Whitney U-test was used to analyze non-normally distributed data, while the 
Student’s t-test was used to analyze normally distributed data. Categorical data were described as frequencies (percen-
tages) and analyzed with Pearson’s Chi-squared test. NOAF occurrence probability was calculated using a Kaplan–Meier 
analysis with the Log rank test over time. The multivariate Cox stepwise regression risk model was used to investigate 
the independent factors associated with NOAF after undergoing PCI for AMI. We used time-dependent covariate analysis 
to meet the proportional hazards assumption. The time-dependent covariates were examined, but none were found to be 
statistically significant. The potential risk factors of NOAF were initially identified by univariate Cox regression analysis. 
To validate that these factors had independent effects, significant univariate correlates were then added to the multivariate 
Cox regression. The P-value < 0.001 threshold value was set for variables included in the regression equation. All 
statistical analyses were performed using SPSS software (version 26.0; SPSS Inc., Chicago, IL, USA) and R version 
4.1.2 (The R Project for Statistical Computing; http://www.R-project.org/). Statistical significance was defined as a two- 
sided P-value < 0.05.

Results
Baseline Data of the Two Groups of Patients
Table 2 summarizes the patients’ baseline characteristics. The study’s 662 AMI patients enrolled comprised 325 (49.1%) 
STEMI and 337 (50.9%) non-STEMI patients. The patients’ average age was 63.71 ± 13.71 years, with approximately 
80% of them being males. Eighty-four (12.7%) patients developed NOAF during hospitalization. The median time from 
admission to NOAF onset was 2 days, while the median duration of hospital stay was 7 days. There was no statistically 
significant difference between the two groups in terms of sex distribution, height, current smoking or drinking status, 

Table 2 Patients Characteristics

Variables All Patients NOAF Non-NOAF P-value

n = 662 n = 84 n = 578

Demographic characteristics

Age (y) 63.71 ± 13.71 74.56 ± 11.04 60.55 ± 12.17 < 0.001

Male, n (%) 527 (79.6%) 61 (71.6%) 466 (80.6%) 0.114

Weight (kg) 66.50 ± 11.86 59.56 ± 11.05 68.52 ± 11.33 < 0.001

Height (cm) 166.34 ± 7.14 165.19 ± 7.46 166.67 ± 7.03 0.094

BMI (kg/m2) 23.95 ± 3.46 21.71 ± 2.97 24.59 ± 3.32 < 0.001

Heart rate at admission (bpm) 80.00 (70.00–91.00) 84.50 (75.00–97.50) 79.00 (70.00–89.00) 0.005

SBP (mmHg) 139.24 ± 25.79 133.11 ± 27.06 141.02 ± 25.17 0.013

DBP (mmHg) 83.18 ± 17.43 77.63 ± 14.54 84.80 ± 17.89 0.001

Current smoker, n (%) 290 (43.8%) 34 (40.5%) 256 (44.3%) 0.535

Current drinker, n (%) 214 (32.3%) 20 (23.8%) 194 (33.6%) 0.090

Medications

ACEI/ARB, n (%) 60 (9.1%) 20 (23.8%) 140 (24.2%) 0.938

Beta-blocker, n (%) 34 (5.1%) 6 (7.1%) 28 (4.8%) 0.584

Statin, n (%) 61 (9.2%) 7 (8.3%) 54 (9.3%) 0.777

Comorbidities

Hypertension, n (%) 410 (61.9%) 58 (69.0%) 352 (60.9%) 0.174

Diabetes, n (%) 179 (27.0%) 35 (41.7%) 144 (24.9%) 0.003

History of stroke, n (%) 47 (7.1%) 9 (10.7%) 38 (6.6%) 0.205

COPD, n (%) 10 (1.5%) 4 (4.8%) 6 (1.0%) 0.079

Coronary heart disease, n (%) 86 (13.0%) 16 (19.0%) 70 (12.1%) 0.103

(Continued)
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Table 2 (Continued). 

Variables All Patients NOAF Non-NOAF P-value

n = 662 n = 84 n = 578

Laboratory tests

WBC (109/L) 9.53 ± 3.44 9.86 ± 3.71 9.43 ± 3.36 0.318

Lym (109/L) 1.68 ± 1.05 1.24 ± 0.78 1.80 ± 1.09 < 0.001

Mon (109/L) 0.50 ± 0.23 0.52 ± 0.26 0.50 ± 0.22 0.483

Neu (109/L) 7.17 ± 3.28 7.81 ± 3.55 6.98 ± 3.18 0.041

RBC (1012/L) 4.48 ± 0.64 4.13 ± 0.68 4.58 ± 0.60 < 0.001

Hb (g/L) 139.24 ± 21.04 127.26 ± 22.87 142.72 ± 19.16 < 0.001

Plt (109/L) 201.21 ± 68.55 196.74 ± 74.38 202.51 ± 66.84 0.498

Hs-CRP (mg/L) 3.70 (1.45–11.95) 9.70 (2.73–37.90) 3.10 (1.30–9.35) < 0.001

Serum albumin (g/L) 36.65 ± 3.80 34.26 ± 4.26 37.35 ± 3.37 < 0.001

TC (mmol/L) 4.55 ± 1.28 4.43 ± 1.54 5.19 ± 5.69 0.339

TG (mmol/L) 1.70 ± 1.50 1.20 ± 0.56 1.85 ± 1.65 < 0.001

HDL-C (mmol/L) 1.00 ± 0.26 1.03 ± 0.31 1.00 ± 0.25 0.448

LDL-C (mmol/L) 2.72 ± 1.00 2.68 ± 1.27 2.85 ± 0.92 0.295

Scr (umol/L) 84.00 (73.75–96.70) 99.85 (82.90–112.28) 81.60 (72.85–92.90) < 0.001

Uric acid (umol/L) 360.00 (296.00–433.50) 389.50 (327.50–477.00) 355.00 (287.50–422.00) 0.001

eGFR (mL/min×1.73 m2) 74.44 ± 23.33 61.95 ± 22.37 78.07 ± 22.35 < 0.001

NT-proBNP (pg/mL) 833 (129–2900) 3322 (1165–6830) 304 (93–1250) < 0.001

BNP (pg/mL) 151.90 (66.33–427.23) 551.15 (206.93–1278.65) 112.00 (48.18–243.20) < 0.001

cTnI (ug/L) 1.68 (0.21–9.86) 2.50 (0.46–13.77) 1.47 (0.18–9.06) 0.086

Echocardiography results

LAD (mm) 38.19 ± 5.00 40.75 ± 5.31 37.45 ± 4.66 < 0.001

LVEF (%) 56.72 ± 9.73 50.67 ± 9.98 58.48 ± 8.93 < 0.001

Type of AMI, n (%)

STEMI 325 (49.1%) 49 (58.3%) 276 (47.8%) 0.088

NSTEMI 337 (50.9%) 35 (41.7%) 302 (52.2%) 0.088

Coronary artery stenosis >50%, n (%)

Left main 48 (7.3%) 4 (4.8%) 44 (7.6%) 0.366

LAD 572 (86.4%) 74 (88.1%) 498 (82.7%) 0.653

Left circumflex 338 (51.1%) 52 (61.9%) 286 (49.5%) 0.060

RCA 389 (58.8%) 57 (67.9%) 332 (57.4%) 0.087

Killip class, n (%)

I 467 (70.5%) 15 (17.9%) 452 (78.3%) < 0.001

II 144 (21.8%) 38 (45.2%) 106 (18.3%) < 0.001

III 30 (4.5%) 20 (23.8%) 10 (1.7%) < 0.001

IV 21 (3.2%) 11 (13.1%) 10 (1.7%) < 0.001

Nutritional status evaluation

CONUT score 2.00 (1.00–4.00) 4.00 (2.00–6.00) 1.00 (0.50–3.50) < 0.001

CONUT (0–1) 344 (52.0%) 11 (13.1%) 333(57.6%)

CONUT (2–4) 210 (31.7%) 35 (41.7%) 175 (30.3%)

CONUT (≥ 5) 108 (16.3%) 38 (45.2%) 70 (12.1%)

GNRI score 99.00 (94.00–104.50) 92.50 (86.25–98.00) 101.00 (95.50–107.00) < 0.001

GNRI (> 98) 263 (39.7%) 11 (13.1%) 252 (43.6%)

GNRI (92–98) 291 (44.0%) 25 (29.8%) 266 (46.0%)

GNRI (82–91) 83 (12.5%) 29 (34.5%) 54(9.3%)

GNRI (< 82) 25 (3.8%) 19 (22.6%) 6 (1.1%)

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; RBC, red blood cell; pressure; WBC, 
white blood cell; Lym, lymphocyte; Mon, monocyte; Neu, neutrophil; Hb, hemoglobin; Plt, platelet; Hs-CRP, high-sensitivity C reactive 
protein; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
Scr, serum creatinine; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; BNP, B-type 
natriuretic peptide; cTnI, cardiac troponin I; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; ACEI, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; STEMI, ST-segment elevation 
myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; LAD, left anterior descending artery; RCA, right 
coronary artery; CONUT, controlling nutritional status; GNRI, geriatric nutritional risk index.
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white blood cell, monocyte, and platelet counts, total cholesterol, low-density lipoprotein cholesterol, high-density 
lipoprotein cholesterol, cardiac troponin I, medications, history of hypertension, stroke, chronic obstructive pulmonary 
disease, coronary heart disease, type of AMI, and coronary artery stenosis type. Compared with the patients in the non- 
NOAF group, those in the NOAF group were older and more likely to have higher heart rate, neutrophil count, high- 
sensitivity C-reactive protein, serum creatinine, uric acid, and NT-proBNP level, BNP, LAD, and Killip class (P < 0.05). 
Patients in the NOAF group had lower weight, body mass index, systolic blood pressure, diastolic blood pressure, 
lymphocyte and red blood cell counts, hemoglobin, serum albumin, and triglyceride levels, eGFR, and LVEF than those 
in the non-NOAF group (P < 0.05).

Nutritional Status Based on CONUT Score and GNRI
NOAF patients had a substantially higher CONUT score than non-NOAF patients (4.00 [2.00-6.00, IQR] vs 1.00 [0.50- 
3.50, IQR], P < 0.001; Table 1). According to the CONUT score, 344 (52.0%), 210 (31.7%), and 108 (16.3%) patients 
were classified into the normal (0–1), mild malnutrition (2-4), and moderate-severe malnutrition (≥ 5) groups, respec-
tively. Compared with the non-NOAF group, the NOAF group had significantly lower GNRI scores (92.50 [86.25-98.00, 
IQR] vs 101.00 [95.50-107.00, IQR], P < 0.001; Table 1). Based on the GNRI scores, 263 (39.7%)patients were classified 
as normal (score > 98), 291 (44.0%)patients had mild malnutrition (score 92–98), 83 (12.5%) patients had moderate 
malnutrition (score 82–91), and 25 (3.8%) patients had severe malnutrition (score < 82). Compared with the non-NOAF 
group, the NOAF group had a higher prevalence of moderate and severe malnutrition according to the CONUT and 
GNRI scores.

Nutritional Status and NOAF Correlation
In total, 84 AMI patients developed NOAF during hospitalization: 11 (13.1%) patients in the normal group, 35 (41.7%) 
patients in the mild malnutrition group, and 38 (45.2%) patients in the moderate-severe malnutrition group based on the 
CONUT scoring system. In addition, 11 (13.1%), 25 (29.8%), 29 (34.5%), and 19 (22.6%) patients were categorized into 
the normal, mild malnutrition, moderate malnutrition, and severe malnutrition groups, respectively, based on the GNRI 
scoring system. The stratification of nutritional status, the occurrence of NOAF, and the time from admission to the 
occurrence of NOAF were included in the Kaplan–Meier analysis. Figure 2 shows that there was a statistically significant 
difference in NOAF occurrence among different nutritional status categories based on the CONUT (log-rank P<0.001; 
Figure 2A) and GNRI (log-rank P<0.001; Figure 2B) scores. The survival analysis plot shows that the curve of the group 
with the worst nutritional status changed dramatically during the first 5 days, indicating that patients with the worst 
nutritional status were those who are most susceptible to NOAF development.

Figure 2 Kaplan–Meier analysis of NOAF. (A) Kaplan–Meier analysis of AMI patients in different CONUT scores; (B) Kaplan– Meier analysis of AMI patients in different 
GNRI scores. p < 0.05 was deemed statistically significant. 
Abbreviations: CONUT, controlling nutritional status; AMI, acute myocardial infarction; GNRI, geriatric nutritional risk index.
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Cox Regression Analysis of NOAF
We used univariate Cox regression analysis based on variables with a P < 0.05 in the baseline data for both groups. The 
potential risk factors of NOAF were initially identified by univariate Cox regression analysis. As presented in Table 3, 
age, high-sensitivity C-reactive protein, uric acid, NT-proBNP levels, LAD, LVEF, Killip class, CONUT score and GNRI 
classification were significantly associated with NOAF (P < 0.05 for all variables). The subsequent multivariate Cox 
regression analysis demonstrated that age (adjusted hazard ratio [HR], 1.034; 95% confidence interval [CI]: 1.001–1.093; 
P = 0.025), uric acid level (adjusted HR, 1.005; 95% CI: 0.999-1.011; P = 0.021), NT-proBNP level (adjusted HR, 1.130; 
95% CI: 1.020–1.471; P = 0.028), LAD (adjusted HR, 1.100; 95% CI: 1.031–1.174; P = 0.004), Killip class (II adjusted 
HR, 3.346; 95% CI: 1.388–8.497; P = 0.006; III adjusted HR, 7.088; 95% CI: 2.320–21.651; P = 0.001; IV adjusted HR, 
6.130; 95% CI: 1.878–19.987; P = 0.002, vs I), CONUT score classification (mild malnutrition adjusted HR, 1.439; 95% 
CI: 0.479–4.325; P = 0.017; moderate-severe malnutrition adjusted HR, 2.810; 95% CI: 0.872–9.021; P = 0.006, vs 
normal) and GNRI classification (mild malnutrition adjusted HR, 3.402; 95% CI: 0.640–6.813; P = 0.018; moderate 
malnutrition adjusted HR, 4.359; 95% CI: 0.947–10.334; P = 0.011; severe malnutrition adjusted HR, 12.749; 95% CI: 
2.745–50.674; P < 0.001, vs normal) were independent predictors of NOAF (Figure 3).

Discussion
In this study, we assessed the relationship between risk factors and the nutritional status level and NOAF in patients with 
AMI after PCI. Our results highlight the fact that the nutritional status of patients with AMI should not be ignored. 
Patients with worse nutritional status, assessed using the CONUT and GNRI scoring systems, were more susceptible to 
developing NOAF within 5 days of admission. Additional findings associated with an increased risk of developing 
NOAF include older age, higher uric acid level, higher NT-proBNP level, increased left atrial size, and worse Killip class 
upon admission.

Table 3 Cox Regression Analysis of Risk Factors Associated with NOAF

Variables Univariable Analysis Multivariable Analysis

HR 95% CI P-value HR 95% CI P-value

Age (y) 1.077 1.057–1.098 < 0.001 1.034 1.001–1.093 0.025
Hs-CRP (mg/L) 1.007 1.004–1.011 < 0.001 1.004 1.001–1.008 0.074

Uric acid (umol/L) 1.003 1.002–1.005 < 0.001 1.005 0.999–1.011 0.021

NT-proBNP (pg/mL) 1.201 1.104–1.432 < 0.001 1.130 1.020–1.471 0.028
BNP (pg/mL) 1.113 1.100–1.124 0.007 1.009 1.003–1.015 0.055

LAD (mm) 1.122 1.076–1.170 < 0.001 1.100 1.031–1.174 0.004

LVEF (%) 0.944 0.926–0.963 < 0.001 0.993 0.962–1.025 0.664
Killip class, n (%)

I 1 (ref) – – 1 (ref) – –

II 7.010 3.850–12.763 < 0.001 3.436 1.388–8.497 0.006
III 16.736 8.521–32.871 < 0.001 7.088 2.320–21.651 0.001

IV 13.125 6.010–28.660 < 0.001 6.130 1.878–19.987 0.002

CONUT score
CONUT (0–1) 1 (ref) – – 1 (ref) – –

CONUT (2–4) 2.958 1.502–5.825 0.002 1.439 0.479–4.325 0.017

CONUT (≥ 5) 8.104 4.136–15.882 < 0.001 2.810 0.872–9.021 0.006
GNRI score

GNRI(> 98) 1 (ref) – – 1 (ref) – –

GNRI (92–98) 2.694 1.483–4.893 0.002 3.402 0.640–6.813 0.018
GNRI (82–91) 6.347 3.553–11.339 <0.001 4.359 0.947–10.334 0.011

GNRI(< 82) 14.471 6.878–30.869 <0.001 12.749 2.745–50.674 < 0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; NOAF, new-onset atrial fibrillation; Hs-CRP, high-sensitivity C-reactive 
protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; BNP, B-type natriuretic peptide; LAD, left atrial diameter; LVEF, 
left ventricular ejection fraction; CONUT, controlling nutritional status; GNRI, geriatric nutritional risk index.
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Patients with AMI and AF often have poorer prognoses with increased risks of all-cause mortality and associated 
comorbidities such as ischemic stroke and heart failure.19–21 The incidence of NOAF as an AMI complication is 3%– 
22%.25 In our study, NOAF occurred in 12.6% of patients, which is consistent with findings from previous studies.

Many studies have shown that NOAF development in AMI patients is associated with older age and higher uric acid 
and NT-proBNP levels, LAD, and Killip class. Advanced age has been recognized as a risk factor for AF.22,23 A study by 
Fu et al24 suggested that older people are more likely to develop NOAF after AMI occurrence. Other studies25–27 have 
reported similar conclusions.

There is accumulating evidence that hyperuricemia is a risk factor for cardiovascular disease.28,29 As these previous 
studies did, we also discovered that higher uric acid level is an independent risk factor for NOAF in AMI patients. 
Kawasoe et al30 revealed that men and women with uric acid levels higher than 6.5 mg/dL and 4.9 mg/dL, respectively, 
are more likely to experience AF in the future. Wang et al31 revealed that uric acid was linked to NOAF in older patients 
with non-STEMI who had high uric acid level. It may be beneficial to propose a mechanism for observing the 
relationship between high uric acid levels and AF.

Both BNP and NT-proBNP are frequently utilized as heart failure diagnostic biomarkers.32,33 A number of studies34–36 

have demonstrated that increased BNP or NT-proBNP levels are predictive biomarkers for the future development of AF. 
Our study found that NT-proBNP level is a risk factor for NOAF, while BNP level is not. This finding suggested that NT- 
proBNP is a more sensitive indicator of early and subtle hemodynamic alterations than BNP, as NT-proBNP is associated 
with other factors such as chamber enlargement, valvular disease, and left ventricular hypertrophy.37 Asanin et al38 also 
reported that a high level of BNP 24 hours after AMI symptom onset independently predicts NOAF occurrence in STEMI 
patients treated with primary PCI.

The Killip class is a simple and easy clinical tool for cardiac function assessment and risk stratification in AMI. 
Poorer cardiac function and outcomes are associated with a worse Killip classification. We noted that Killip class and 
enlarged left atrial size were independent predictors of NOAF, suggesting that elevated left atrial filling pressures and/or 
acute atrial dilatation plays an important role in AF development.39 Experimental studies have demonstrated that 
increased atrial pressure results in a significant increase in AF vulnerability.40

The assessment of nutritional status in patients with AF has largely focused on the relationship between obesity and 
AF, while the role of malnutrition has been largely ignored, particularly in AMI patients. However, malnutrition is very 

Figure 3 Forest plot of multivariable regression analyses. 
Abbreviations: M, median; SD, standard deviation; IQR, interquartile range; HR, hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LA, left atrial 
diameter; CONUT, controlling nutritional status; GNRI, geriatric nutritional risk index.
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common in hospitalized patients. Recent data from the United States of America and Europe show that nearly a third of 
inpatients have malnutrition or are at risk of malnutrition at the time of admission.41–43 Malnutrition is not only a result 
of illness, but also hastens its progression. Prior studies44 have also established a link between malnutrition and poor 
clinical outcomes, such as length of stay, mortality rate, readmission rate, and hospitalization costs, all of which makes 
early detection significant in preventing morbidity and the increase in healthcare costs.

The CONUT and GNRI scoring systems are frequently used to screen malnutrition in clinical settings.15,17,45–47 

Therefore, we used these scoring systems in our study. The predictive effect of malnutrition on the prognosis and 
recurrence of AF following radiofrequency ablation have been reported;18,48,49 however, to our knowledge, this is the 
first study to illustrate the predictive role of varying degrees of malnutrition in the development of NOAF in patients 
treated with PCI after AMI. Furthermore, we observed that most patients developed NOAF within 5 days after admission 
and those with worsening nutritional status were more susceptible to NOAF. Therefore, timely nutritional risk assessment 
and early nutritional intervention are necessary.

Serum albumin is a well-known protein related to nutritional assessment. Hypoalbuminemia is deemed as 
a manifestation of middle and late stages of the disease and its existence is linked to a worse prognosis.50–53 In 
a recent meta-analysis by Wang et al of nine studies with a total of 32,130 participants,54 a significant negative linear 
relationship between serum albumin levels and the chance of developing AF was documented. This observation was 
consistent with previous findings and our results.55 The anti-inflammatory properties of serum albumin have been well 
established. Oxidative stress has now emerged as an essential pathway in the pathogenesis of AF.56 Moreover, low serum 
albumin levels promote pulmonary edema and fluid retention,57 highlighting another possible mechanism contributing to 
the onset of AF, in which fat and muscle mass are reduced, including cholesterol and lipoproteins with bacterial 
endotoxin-neutralizing properties.58,59 Myostatin is a myokine produced and released by myocytes. This molecule 
plays an important role in muscle mass loss. Markedly lower expression of myostatin has been found in the atrial 
appendages of patients with persistent AF and in the hearts of decorin knockout mice.60 In addition, others believe 
malnutrition leads to or is at least associated with deficiencies in trace elements, such as zinc, copper, magnesium, and 
vitamin D. Deficiencies in these trace elements and vitamins are associated with an increased risk of AF.61,62

In our study, we observed that AMI patients, especially those with poor nutritional status, were the most likely to 
develop NOAF within 5 days after PCI. It is unclear whether their poor nutritional status accelerates AF occurrence or if 
AF is caused by manipulation during cardiac interventional procedures. The incidence of postoperative AF has remained 
up to 30%.63 By under-recognizing, and more importantly, under-treating poor nutritional status, the incidence rate of 
postoperative AF is not likely to decrease.64 Therefore, future quality improvement strategies should consider patients’ 
nutritional status during the periprocedural periods to reduce the risk of AF.

Limitations
First, this was a single-center retrospective study with a small sample size, which may not be representative. Therefore, 
a multicenter study with a large sample size is required for further validation. Second, some patients could not calculate 
their CONUT and GNRI scores due to insufficient data at admission; hence, these patients were excluded. Third, as 
mitral E peak, left atrial volume index and E/Em were not demonstrated in our hospital’s cardiac ultrasound reports, we 
unfortunately could not include these indices in the study. Finally, we only investigated the relationship between the 
nutritional status and NOAF and did not further investigate the outcome after nutritional improvement. In future studies, 
we may investigate this relationship after the nutritional status has improved with a larger sample from multiple centers.

Conclusions
Among the various contributing factors of NOAF occurrence after PCI in AMI patients, one factor that cannot be ignored 
is the patient’s nutritional status. For early identification of NOAF, the GNRI and CONUT scoring systems used to assess 
nutritional status showed an excellent predictive effect in AMI patients after PCI.
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