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Objective: This study aimed to investigate the impact of the duration of cardiac troponin 
I (TnI) elevation on the prognosis and incidence of new-onset atrial fibrillation (NOAF) in 
elderly patients with non-ST-elevation acute myocardial infarction (NSTE-AMI).
Methods: A total of 383 NSTE-AMI patients ≥75 years old were enrolled in this study and 
divided into two groups: in 194 cases, the duration of TnI elevation was ≥14 days (group 1), 
and in 189 cases, the duration of TnI elevation was <14 days (group 2). The patients were 
followed up for 60 months. The effect of TnI on prognosis was studied by cohort. The 
primary endpoint was a composite endpoint of cardiovascular death, reinfarction, ischemic 
stroke, and hospitalization for heart failure, and the secondary endpoint was all-cause death. 
A case–control study design was adopted to analyze the influencing factors of NOAF 
occurrence in Group 1 and Group 2.
Results: The median duration of follow-up was 26 months. Multivariate Cox’s regression 
analysis revealed that the duration of TnI elevation ≥14 days and diuretic use were independent 
variables of the major composite endpoint (p < 0.01 for both), and the left ventricular ejection 
fraction and the duration of TnI elevation ≥14 days were independent related variables of all- 
cause death (p < 0.05). The duration of TnI elevation ≥14 days was correlated with the 
occurrence of NOAF, but, in the multivariate logistic regression model, only uric acid and 
high-sensitivity C-reactive protein were independently associated with NOAF (p < 0.05).
Conclusion: The duration of TnI elevation ≥14 days was the independent correlation factor 
of the major composite endpoint and all-cause death; high sensitivity C-reactive protein and 
uric acid are independent risk factors for NOAF.
Keywords: duration of TnI elevation, the elderly, non-ST-segment acute elevation acute 
myocardial infarction, prognosis, new-onset atrial fibrillation

Introduction
Elderly patients with non-ST-segment elevation acute myocardial infarction 
(NSTE-AMI) aged ≥75 years often fail to receive percutaneous coronary interven-
tion (PCI) or coronary artery bypass grafting due to weakness and multiple com-
plications, and they only receive the standardized drug treatment recommended by 
the guidelines. In clinical practice, it has been observed that troponin I (TnI), 
a marker of myocardial necrosis, decreases slowly in a considerable proportion of 
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such patients, and it takes a long time to return to normal 
levels. For such elderly patients with NSTE-AMI but with-
out revascularization, in whom TnI level is delayed in 
returning to normal (≥14 days), the prognosis has not 
been reported yet.

There have been many studies on the relationship 
between myocardial ischemia and new atrial fibrillation, 
and the reported incidence of NOAF in acute myocardial 
infarction (AMI) ranged from 6% to 21%.1,2 However, 
similar studies have not been conducted on the occur-
rence and influencing factors of atrial fibrillation in 
elderly patients (≥75 years) without emergency PCI 
whose TnI delay is reduced to normal. Patients with 
AMI are prone to atrial fibrillation, its occurrence being 
related to many factors, such as neuroendocrine activa-
tion, left atrial pressure rise caused by decreased left 
ventricular contractility, and increased inflammatory 
response and oxidative stress.3,4 Moreover, once patients 
with AMI are combined with NOAF, it often means 
a worse prognosis, which deserves high attention and 
strengthened management.2,5,6 The latest literature 
reported that the incidence of NOAF in AMI patients 
undergoing emergency PCI was 7.9%,7,8 but, in elderly 
patients aged 75 years or older with NSTE-AMI without 
PCI, it remains unclear how the incidence of NOAF and 
whether the continuous increase in TnI increases the 
incidence of atrial fibrillation.

Therefore, the present study, involving NSTE-AMI 
patients ≥75 years old without PCI, use a retrospective 
cohort study and a retrospective case control design, 
respectively, to observe the impact of the duration of TnI 
elevation (≥14 days) on the prognosis and incidence of 
NOAF.

Materials and Methods
Research Design
The study was divided into two parts. The first part was 
a retrospective cohort study and the second part was 
a retrospective case-control study. The research protocol 
was approved by the ethics review committee of Beijing 
Hepingli Hospital (No: BJSHPLYY-IRB-KYXM-2021- 
05). The experiment was carried out in accordance with 
the principles of the Declaration of Helsinki.

Subjects
The study population was elderly patients with NSTE- 
AMI hospitalized in the Department of Cardiology, 

Hepingli Hospital of Beijing between January 1, 2016 
and December 31, 2019. The inclusion criteria were as 
follows: (1) age ≥75 years old; (2) elevated TnI; (3) the 
diagnosis of AMI met the standard of the Fourth Universal 
Definition of Myocardial Infarction;9 (4) the electrocardio-
gram (ECG) presented with no ST segment elevation; and 
(5) the drug therapy was as recommended by the guide-
lines. The exclusion criteria were as follows: (1) death 
within 14 days; (2) PCI given; (3) severe anemia; (4) 
acute attack of chronic obstructive pulmonary disease; 
(5) stage 5 chronic renal insufficiency; (6) acute infection; 
(7) severe heart failure (New York Heart Association 
classes III and IV); (8) malignant tumors; and (9) auto-
immune disease. In line with the inclusion criteria, 449 
patients were initially enrolled, but, as a result of the 
exclusion criteria, 66 of these patients had to be excluded; 
therefore, in the end, 383 patients, including 192 male 
patients (50.1%), were included in the analysis. The aver-
age age of these patients was 84.31 ± 5.98 years old 
(range, 75–107 years old). In this study, the diagnosis of 
NSTE-AMI was strictly in accordance with the criteria 
of the fourth Edition of the Global Unified Definition of 
Myocardial Infarction, and other conditions that could 
cause TnI, such as severe heart failure, myocarditis and 
other infectious diseases, were excluded according to the 
exclusion criteria. Although elderly patients ≥75 years old 
were included in this study, the average age of the patients 
after the final inclusion was around 85 years old, and 
frailness and multiple comorbidities were indeed the 
main reasons for patients not undergoing PCI at this age.

The patients were divided into two groups according to 
the duration of the TnI elevation. In group 1, there were 
194 patients, and the duration of the TnI elevation was ≥14 
days, while, in group 2, there were 189 patients, and the 
duration of the TnI elevation was <14 days (Figure 1).

A diagnosis of NOAF, based on the 2020 ESC 
Guidelines for the diagnosis and management of atrial 
fibrillation,10 was made when there was no significant 
P wave in a standard 12-lead ECG or a single-lead ECG 
of ≥30 seconds, and the R-R interval was irregular.

Data Acquisition
The data were collected from the electronic medical records 
of inpatients in our hospital. Previous medical history, base-
line clinical features, laboratory test results at admission, 
echocardiographic results, discharge diagnosis, and follow- 
up clinical results were included in the database. The data 
were collected by five trained independent investigators.
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Follow-Up Times, Methods, and Endpoints
All the patients were followed up by telephone, and the 
longest follow-up time was 60 months. For patients with 
re-hospitalization records, the original hospitalization 
records and outpatient data were also obtained. The pri-
mary endpoint was a composite endpoint of cardiovascular 
death, reinfarction, ischemic stroke, and hospitalization for 
heart failure, while the secondary endpoint was all-cause 
death. In addition, it was recorded whether the patients had 
NOAF during the follow-up period.

Statistical Analysis
Count data were expressed as percentage, and measure-
ment data were expressed as mean ± standard deviation 
(x ± SD). The means of two samples were compared 
using a t-test, and the proportions of two samples were 
compared using a χ2 test. Kaplan–Meier survival analysis 
was used to analyze the correlation between the duration 
of the TnI elevation and the clinical endpoint events. The 
multivariate Cox stepwise regression risk model was 
used to analyze the independent related factors of the 
clinical endpoint events. The threshold value of variables 
included in the regression equation was set as p < 0.1, 
and the confounding factors to be corrected were as 
follows: age, digoxin use, diuretic use, smoking history, 

drinking history, uric acid, high sensitivity C-reactive 
protein (hs-CRP), N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP), TnI, total white blood cell (WBC) 
count, and left ventricular ejection fraction (LVEF).

As this study was not concerned with the onset time of 
NOAF, Spearman correlation analysis was used for the uni-
variate analysis of NOAF, and a logistic binary stepwise 
regression model was used to analyze the independent related 
factors of NOAF. The threshold value of variables included 
in the regression equation was also set as p < 0.1. The 
confounding factors to be corrected for included age, digoxin 
use, diuretic use, smoking history, drinking history, uric acid, 
hs-CRP, NT-proBNP, TnI, total WBC count, LVEF, left atrial 
diameter, and the duration of the TnI elevation.

The median follow-up time was calculated using 
reverse Kaplan–Meier survival analysis. SPSS 19.0 and 
R language were used for statistical analysis. A p-value 
<0.05 was considered statistically significant.

Results
The Baseline Data of the Two Groups of 
Patients
Table 1 shows that in terms of general demographic data, 
laboratory tests, and cardiac ultrasound results, the age, 
uric acid, hs-CRP, NT-proBNP, and TnI levels were 

Figure 1 Study population. Among the 66 excluded patients, 12 were lost to follow-up. 
Abbreviation: TnI, Troponin I.
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Table 1 Demographic and Clinical Characteristics of the Patients

Characteristics Total Group1 Group2 t/χ2 P

(N=383) (n=194) (n=189)

Demographic characteristics

Age(yr) 84.31±5.98 85.21±5.97 83.39±5.85 3.011 0.003

Male 192 (50.1%) 95 (49.0%) 97 (51.3%) 0.212 0.645

Drinking 64 (16.7%) 26 (13.4%) 38 (20.1%) 3.091 0.079
Smoking 107 (27.9%) 47 (24.2%) 60 (31.7%) 2.689 0.101

PCI history 47 (12.3%) 25 (12.9%) 22 (11.7%) 0.124 0.725

SBP(mmHg) 132.33±21.66 130.63±21.68 134.08±21.55 −1.559 0.120
DBP(mmHg) 72.34±12.29 71.86±12.80 72.84±11.76 −0.780 0.436

Heart rate (times/min) 83.90±18.02 85.00±17.80 82.78±18.23 1.207 0.228

Underlying diseases

Hypertension 284 (74.2%) 147 (75.8%) 137 (72.5%) 0.539 0.463
T2DM 145 (37.9%) 76 (39.2%) 69 (36.5%) 0.290 0.591

AF 43 (11.2%) 25 (12.9%) 18 (9.6%) 1.049 0.306

Echocardiographic results

LAD(mm) 39.08±6.23 39.35±6.09 38.80±6.37 0.866 0.387

LVEDD(mm) 49.14±7.27 48.94±7.28 49.35±7.27 −0.553 0.581

LVEF(%) 53.07±10.86 51.68±9.62 54.50±11.85 −2.561 0.011

Laboratory reports

WBC(×109/L) 8.69±4.20 9.09±4.79 8.28±3.45 1.899 0.058

Hb(g/L) 108.98±26.34 109.24±27.86 108.71±24.75 0.197 0.844

ALB (g/L) 30.82±5.70 30.66±6.18 30.99±5.17 −0.568 0.570
Glu(mmol/L) 7.24±4.21 7.51±5.00 6.97±3.20 1.243 0.214

Cr(ummol/L) 136.58±130.30 141.09±125.14 131.94±135.56 0.687 0.493

Uric acid (umol/L) 390.80±141.00 405.63±138.14 375.57±142.63 2.095 0.037
CHO(mmol/L) 3.80±1.06 3.74±1.11 3.86±1.01 −1.132 0.258

TG(mmol/L) 1.43±1.25 1.42±1.50 1.44±0.92 −0.180 0.858

LDL-C(mmol/L) 2.12±0.88 2.10±0.91 2.14±0.86 −0.375 0.708
K+(mmol/L) 4.05±0.61 4.08±0.62 4.02±0.60 0.955 0.340

hsCRP(mg/L) 48.22±54.36 53.61±57.88 42.69±50.03 1.974 0.049

NT-proBNP (pg/mL) 1814.70±547.71 1877.96±538.69 1749.75±550.69 2.303 0.022
TnI(ng/mL) 4.36±13.02 6.09±16.48 2.58±7.70 2.656 0.008

Therapeutic drugs

ASP/Clopidogrel 240 (62.7%) 127(65.5%) 113(59.8%) 1.318 0.251

ACEI/ARB/ARNI 119 (31.1%) 56(28.9%) 63(33.3%) 0.892 0.345
β blockers 205 (53.5%) 107(55.2%) 98(51.9%) 0.420 0.517

Digoxin 43 (11.2%) 30 (15.5%) 13 (6.9%) 7.080 0.008

Spironolactone 133 (34.7%) 70 (36.1%) 63 (33.3%) 0.319 0.572
Diuretics 222 (58.0%) 123 (63.4%) 99 (52.4%) 4.772 0.029

Statins 239 (62.4%) 126 (64.9%) 113 (59.8%) 1.086 0.297

Note: Values are means ± standard deviation or the number of participants (%). 
Abbreviations: PCI history, Percutaneous Coronary Intervention history; SBP, systemic blood pressure; DBP, diastolic blood pressure; LAD, left atrial diameter; LVEDD, 
left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; T2DM, types 2 diabetes mellitus; AF, atrial fibrillation; WBC, white blood cell; Hb, hemoglobin; 
ALB, albumin; Glu, blood glucose; Cr, creatinine; CHO, cholesterin; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; K+, potassium; hsCRP, high-sensitivity 
C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TnI, cardiac troponin I; ASP, aspirin; ACEI, Angiotensin-Converting Enzyme Inhibitors; ARB, 
Angiotensin Receptor Blocker; ARNI, Angiotensin Receptor Neprilysin Inhibitors.
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significantly higher in group 1 than in group 2 (p < 0.05 
for all), while LVEF was significantly lower in group 1 
than in group 2 (p < 0.05). In terms of the treatment and 
medication of patients, the utilization rates of digoxin and 
diuretics were significantly higher in group 1 than in group 
2 (p < 0.05). In terms of other indexes, namely gender, 
smoking and drinking history, PCI history, systolic and 
diastolic blood pressure, heart rate, left atrial diameter, 
left ventricular end diastolic diameter, hypertension, dia-
betes, atrial fibrillation history, and use of aspirin/clopido-
grel, ACEI/ARB/ARNI, β blockers, spironolactone, and 
statins, the differences between the two groups were not 
statistically significant (p > 0.05 for all).

The Correlation Between the Duration 
of TnI Elevation and Clinical Endpoint 
Events
There were 182 cases (47.5%) of major composite end-
point events, among which there were 119 cases (65.4%) 
in group 1 and 63 cases (34.6%) in group 2, the former 
being significantly higher than the latter (hazard ratio [HR] 
0.333; 95% confidence interval [CI]: 0.245–0.453, p < 
0.001) (Figure 2A). In terms of the primary composite 
endpoint events, compared with group 2, cardiovascular 
death (88.7% vs 11.3%, HR 0.095, 95% CI: 0.043–0.210), 
re-infarction (54.7% vs 45.3%, HR 0.376, 95% CI: 0.225– 
0.627), ischemic stroke (47.5% vs 42.5%, HR 0.260, 95% 
CI: 0.132–0.511) and readmission due to heart failure 
(55.6% vs 44.4%, HR 0.279, 95% CI: 0.140–0.560) were 

significantly higher in group 1 (p < 0.001 for all). In terms 
of secondary endpoint events, there were 48 cases (12.5%) 
of all-cause death in the two groups, but there were sig-
nificantly more cases in group 1 than in group 2 (38 vs 10; 
58% vs 5.29%, HR 0.189, 95% CI: 0.093–0.376, p < 
0.001) (Figure 2B).

Multivariate Cox Regression Model 
Analysis of the Clinical Endpoint Events
Multivariate Cox regression model analysis revealed that 
after controlling for age, digoxin use, uric acid, hs-CRP, 
NT-proBNP, total WBC count, smoking history, and drink-
ing history, diuretic use (HR 1.570, 95% CI: 1.136–2.171, 
p = 0.006) and the duration of TnI elevation ≥14 days (HR 
2.940, 95% CI: 2.126–4.064, p < 0.001) were independent 
risk factors for major composite endpoint events. LVEF 
(HR 1.034, 95% CI: 1.001–1.069, p = 0.042) and the 
duration of TnI elevation ≥14 days (HR 6.700, 95% CI: 
3.203–14.014, p < 0.001) were independent risk factors for 
all-cause death (Table 2).

Univariate Analysis of the Variables 
Related to NOAF
Because this study was not concerned about the time of 
NOAF, Spearman correlation analysis was used to analyze 
the variables related to NOAF. The results revealed that 
the total WBC count (odds ratio [OR] 0.115; p = 0.025), 
uric acid (OR 0.128, p = 0.012), hs-CRP (OR 0.113, p = 
0.027) and the duration of TnI elevation ≥14 days (OR 

Figure 2 Kaplan-Meier analysis of clinical endpoint events. (A) Major composite endpoints (cardiovascular death, reinfarction, ischemic stroke, and hospitalization for heart 
failure). (B) Secondary endpoint: all-cause death. 
Abbreviation: TnI, Troponin I.
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0.105, p = 0.040) were significantly related to the occur-
rence of NOAF. Other variables such as age, gender, 
smoking and drinking history, systolic blood pressure 
level, heart rate, NT-proBNP, TnI, left atrial diameter, 
left ventricular end diastolic diameter, LVEF, and the use 
of diuretics and digoxin were not correlated with the 
occurrence of NOAF (p > 0.05 for all) (Table 3).

Multivariate Analysis of the Variables 
Related to NOAF
Binary multivariate logistic regression analysis revealed that 
after controlling for confounding factors such as age, NT- 
proBNP, left atrial diameter, LVEF, administration of digoxin 
and diuretics, TnI, and the duration of TnI elevation ≥14 
days, only uric acid (OR 0.997, 95% CI: 0.995–1.000, p = 
0.018) and hs-CRP (OR 0.994, 95% CI: 0.988–0.999, p = 
0.015) were independent risk factors for NOAF (Table 4).

Discussion
The Duration of TnI Elevation and the 
Prognosis of Elderly Patients with 
NSTE-AMI
TnI is a regulatory protein of myocardial contraction that 
only exists in human cardiac muscle cells, and the content 
in skeletal muscle cells is very low.11 After myocardial cell 
injury and necrosis, TnI is released into the blood, and, 
therefore, the detection of TnI in the blood is a highly 
specific and sensitive method for the diagnosis of AMI.12 

In AMI, TnI can be detected in the blood within 4–6 
hours, lasts for about 7–10 days, and then decreases to 
a normal level.13 One study has confirmed that the 
increase in TnI is proportional to the size of the myocar-
dial infarction;14 the higher the TnI value, the larger the 
infarct, and the poorer the prognosis of the patient. 
However, the correlation between the duration of TnI 
elevation and the prognosis remains unclear. In view of 
the fact that TnI elevation is often detected in elderly 
patients with NSTE-AMI, this study investigated the cor-
relation between the duration of TnI elevation ≥14 days 
and the prognosis of elderly patients with NSTE-AMI.

A total of 383 elderly patients aged ≥75 years old who 
met the inclusion and exclusion criteria were enrolled in 
this study. Among them, 194 cases (50.7%) had a duration 
of TnI elevation ≥14 days, which accounted for half of the 
total cases. This suggested that, in elderly patients, the 
delayed reduction of elevated TnI to normal was very 
common, and, thus, it was necessary to study the effect 

of this phenomenon on the prognosis of elderly patients 
with NSTE-AMI.

The baseline data characteristics and laboratory and 
auxiliary examination results of the two groups were ana-
lyzed, and the results revealed that the patients in group 1 
were older, had higher serum levels of uric acid, hsCRP, 
NT-proBNP, and TnI, had lower cardiac ejection fraction, 
and took more digoxin and diuretics, suggesting that for 
patients with a duration of TnI elevation ≥14 days, it often 
means poorer cardiac function and stronger inflammatory 
response, and the size of myocardial necrosis is larger. 
Moreover, the delayed reduction of elevated TnI to 
a normal level may be an aging phenomenon; that is to 
say, the older the person, the longer the duration of TnI 
elevation.

The median follow-up time was 26.00 ± 1.31 months 
(95% CI: 23.433–28.567, reverse Kaplan–Meier method), 
the duration of TnI elevation was closely related to the 
main composite endpoint (cardiovascular death, reinfarc-
tion, ischemic stroke, and hospitalization for heart failure) 
and all-cause death (Figure 2A and B). Univariate analysis 
revealed that diuretic use, TnI level, and the duration of 
TnI elevation ≥14 days were variables associated with the 
primary composite endpoint, while drinking history and 
the duration of TnI elevation ≥14 days were variables 
associated with all-cause death. Multivariate Cox regres-
sion model analysis revealed that after controlling for age, 
NT-proBNP, and other confounding factors, diuretic use 
and the duration of TnI elevation ≥14 days were indepen-
dent risk factors of the primary composite endpoints, while 
LVEF and the duration of TnI elevation ≥14 days were 
independent risk factors of all-cause death.

The possible mechanism of prolonged duration of TnI 
elevation is that in elderly NSTE-AMI patients, the 
degree of coronary artery disease is more severe, and 
such patients have more multivessel disease, calcification 
disease, and chronic vascular occlusion disease,15 and the 
collateral circulation between the diseased vessels is com-
plicated. After the acute occlusion of one vessel, the 
myocardial cells in the corresponding blood supply 
range are necrotic, and the level of TnI in the blood 
increases.16 Meanwhile, the perfusion pressure of the 
recipient vessel decreases,17 and the corresponding 
blood supply myocardial region is also in a state of 
ischemia. As a result, myocardial injury and necrosis 
occur slowly, causing the level of TnI in the blood to 
gradually increase. Similar to the increase in TnI, the 
duration of TnI elevation may also reflect the size of the 
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myocardial infarction area to a certain extent. The longer 
the duration of TnI elevation, the larger the size of myo-
cardial infarction, and patients are more likely to have 
various end-point events.

The use of diuretics reflects the volume load state of 
patients,18 and the increase in volume load is not only the 
cause of heart failure with decreased ejection fraction, but 
also the cause of heart failure with preserved ejection 
fraction.19 Therefore, the use of diuretics in elderly 
patients with NSTE-AMI suggests two problems, one 
being the heavy volume load and the other the poor car-
diac function. The use of diuretics increases blood con-
centration, which increases the incidence of reinfarction 
and ischemic stroke,20 while poor cardiac function leads to 
increased hospitalization and cardiovascular death due to 
heart failure.21

LVEF is an independent risk factor of all-cause death, 
which is understandable since a decrease in LVEF often 
means a serious decrease in cardiac reserve function.22,23 In 

this state, in elderly patients with any disease, because the 
heart cannot provide strong and effective circulatory support, 
the death rate of such patients increases significantly.24,25

The Impact of the Duration of TnI 
Elevation on NOAF in Elderly Patients 
with NSTE-AMI
Of the 383 patients who were enrolled in this study, by the end 
of the follow-up period, 56 patients had NOAF, an incidence 
of 14.62%, which is significantly higher than that (7.9%) 
reported in the literature. The main reason for the difference 
in the incidence of NOAF may be related to the older age of 
the patients in this study. Age is one of the important risk 
factors for NOAF, and, with the increase in age, the incidence 
of atrial fibrillation increases significantly.26,27

There were 36 cases (18.56%) of NOAF in group 1 and 
20 cases (10.58%) in group 2. This means that the inci-
dence of NOAF in the two groups was not only higher 
than the average level reported in the literature but the 

Table 2 Univariate and Multivariate Cox Regression Analysis of Clinical Endpoints

Primary Composite Endpoints Univariate Multivariate

HR 95% CI P HR 95% CI P

Age 1.015 0.991~1.040 0.211 1.002 0.976~1.029 0.891

Digoxin 1.357 0.882~2.089 0.165 1.084 0.692~1.699 0.724
Diuretics 1.680 1.232~2.290 0.001 1.570 1.136~2.171 0.006

Uric acid 1.001 1.000~1.002 0.067 1.000 0.999~1.002 0.370

hsCRP 1.002 0.999~1.005 0.163 1.002 0.999~1.005 0.170
NT-proBNP 1.000 1.000~1.000 0.511 1.000 1.000~1.000 0.840

TnI 1.008 1.001~1.014 0.020 1.004 0.997~1.011 0.301

Left ventricular ejection fraction 0.995 0.982~1.008 0.437 1.004 0.989~1.019 0.593
Drinking history 1.088 0.742~1.595 0.666 0.854 0.526~1.388 0.525

Smoking history 0.919 0.666~1.267 0.605 1.353 0.907~2.019 0.138

White blood cell 0.994 0.959~1.030 0.730 0.973 0.934~1.012 0.175
The duration of TnI elevation≥14 days 0.188 0.093~0.378 <0.001 2.940 2.126~4.064 <0.001

All cause death
Age 1.020 0.974~1.069 0.393 0.988 0.939~1.040 0.649

Digoxin 1.166 0.495~2.746 0.726 0.934 0.378~2.307 0.882

Diuretics 1.145 0.644~2.037 0.645 0.948 0.518~1.734 0.863
Uric acid 1.001 0.999~1.003 0.567 1.001 0.998~1.003 0.645

hsCRP 1.003 0.998~1.008 0.309 1.002 0.997~1.008 0.391

NT-proBNP 1.000 1.000~1.001 0.696 1.000 0.999~1.000 0.575
TnI 0.968 0.910~1.031 0.312 0.949 0.885~1.017 0.137

Left ventricular ejection fraction 1.016 0.989~1.043 0.261 1.034 1.001~1.069 0.042
Drinking history 3.382 1.051~10.888 0.041 0.275 0.076~0.999 0.050

Smoking history 1.469 0.732~2.950 0.279 1.142 0.528~2.468 0.735

White blood cell 1.026 0.970~1.086 0.369 0.996 0.934~1.061 0.897
The duration of TnI elevation≥14 days 0.188 0.093~0.378 <0.001 6.700 3.203~14.014 <0.001

Abbreviations: hsCRP, high sensitivity C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TnI, cardiac troponin I.
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difference in the incidence of NOAF between the two 
groups was also statistically significant. The incidence of 
NOAF in group 1 was higher than that in group 2. The 
above results suggest that age and the duration of TnI 
elevation are closely related to the occurrence of NOAF.

It is important to note that Spearman’s univariate cor-
relation analysis revealed that the variables related to the 
occurrence of NOAF were the total WBC count, hs-CRP, 

uric acid, and duration of TnI elevation ≥14 days. The 
above factors were imported into a binary logistic regres-
sion model, and the confounding factors such as age, NT- 
proBNP, left atrial diameter, and LVEF were controlled. 
The results showed that only hs-CRP and uric acid were 
independently associated with NOAF, which is consistent 
with the conclusions of many previous studies.28 This 
explains, on the one hand, that the effect of hs-CRP and 
uric acid in promoting NOAF was stronger than that of age 
and the duration of TnI elevation ≥14 days, and, on the 
other hand, that the effect of the duration of TnI elevation 
≥14 days on the occurrence of NOAF was gradually wea-
kened. The reason for the latter may be that with the 
extension of follow-up time (the longest follow-up time 
was 60 months), the damaged and necrotic myocardium 
gradually healed, heart function was gradually compen-
sated for, and the promoting effect of TnI elevation on 
NOAF was gradually weakened. However, inflammation 
secondary to myocardial infarction or other causes contin-
ued, and it eventually become an independent related 
factor for NOAF.

Atrial electrical remodeling and structural remodeling 
are the basis of the electrophysiology and anatomy of 
atrial fibrillation.29 Studies have confirmed that uric acid 
can induce and aggravate atrial remodeling by enhancing 
inflammation and oxidative stress, and thereby triggering 
the occurrence of atrial fibrillation.30,31

Uric acid is the end product of purine metabolism, and 
xanthine oxidase is the rate limiting enzyme of its synthesis. 
A physiological concentration of uric acid has antioxidant 
properties, but when uric acid enters the cell or is in the 
acidic/hydrophobic environment of atherosclerotic plaque, 
the antioxidant properties will change, and it becomes a pro- 
oxidant.32 Due to the decline of the metabolic function of the 
body, elderly patients often have hyperuricemia. A high 
concentration of uric acid, together with its rate limiting 
enzyme xanthine oxidase, is likely to cause the generation 
of oxygen-free radicals such as superoxide anion and hydro-
gen peroxide in the body.33 Both the increase of oxidative 
stress and the activation of inflammation result in the occur-
rence and development of NOAF.

There are some limitations to this study: (1) It is 
a single-center retrospective cohort study, and the sample 
size is limited to a certain extent; (2) The patients were 
weak on admission, most patients being admitted to the 
hospital in a supine position, and so body mass index 
could not be calculated; (3) All the patients were elderly, 
and some auxiliary tests were not carried out, so the 

Table 3 Univariate Analysis of NOAF (Spearman Correlation)

Characteristics OR P

Age (yr) −0.097 0.058
Male 0.043 0.399

Drinking −0.027 0.600

Smoking 0.022 0.663
SBP (mmHg) 0.065 0.203

Heart rate (times/min) −0.084 0.099

LAD (mm) −0.009 0.865
LVEDD (mm) −0.032 0.529

LVEF (%) −0.061 0.235
Digoxin 0.017 0.745

Diuretics 0.053 0.301

WBC (×109/L) −0.115 0.025
Uric acid (umol/L) −0.128 0.012

hsCRP (mg/L) −0.113 0.027

NT-proBNP (pg/mL) −0.024 0.640
TnI (ng/mL) 0.023 0.648

The duration of TnI elevation≥14 days −0.105 0.040

Abbreviations: NOAF, new onset atrial fibrillation; SBP, systolic blood pressure; 
LAD, left atrial diameter; LVEDD, left ventricular end-diastolic dimension; LVEF, left 
ventricular ejection fraction; WBC, white blood cell; hsCRP, high sensitivity 
C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TnI, 
cardiac troponin I.

Table 4 Binary Logistic Regression Analysis of NOAF

OR 95% CI P

Age (yr) 0.963 0.915~1.013 0.144

WBC (×109/L) 0.985 0.922~1.053 0.656
Uric acid (umol/L) 0.997 0.995~1.000 0.018

hsCRP (mg/L) 0.994 0.988~0.999 0.015

NT-proBNP (pg/mL) 1.000 0.999~1.001 0.890
TnI (ng/mL) 1.042 0.988~1.098 0.127

The duration of TnI elevation≥14 

days

0.975 0.944~1.008 0.135

LAD (mm) 0.975 0.929~1.024 0.317

LVEF (mm) 0.981 0.951~1.011 0.208

Digoxin 0.822 0.326~2.071 0.677
Diuretics 1.063 0.565~1.999 0.850

Abbreviations: NOAF, new onset atrial fibrillation; WBC, white blood cell; hsCRP, 
high sensitivity C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic 
peptide; TnI, cardiac troponin I; LAD, left atrial diameter; LVEF, left ventricular 
ejection fraction.
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sample data were incomplete, and some patients were 
excluded from the study. In the future, a prospective 
cohort design with a larger sample size is needed to verify 
the conclusions of this study.
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