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ABSTRACT

Background: Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia linked
to worse outcomes. However, data on AF in type 2 myocardial infarction (T2MI), characterized by
oxygen supply-demand mismatch without coronary occlusion, are limited.

Objective: To evaluate the incidence of acute AF in patients hospitalized with T2MI and its
association with in-hospital outcomes.

Methods: We conducted a retrospective cohort study using the National Inpatient Sample from
2017 to 2022. Adult patients hospitalized with T2MI were included, excluding those with chronic
AF. The primary outcome was the incidence of acute AF. Secondary outcomes were in-hospital
mortality, cardiogenic shock, acute kidney injury (AKI), and bleeding. Survey-weighted analyses
and multivariable logistic regression were used to calculate adjusted odds ratios.

Results: Among patients with T2MI, acute AF occurred in 31.3%. Patients with AF were older
and had more comorbidities. In-hospital mortality, cardiogenic shock, and AKI were higher in the
AF group compared to non-AF group. After adjustment, acute AF was independently associated
with in-hospital mortality (aOR 1.17, 95% CI: 1.14-1.20) and cardiogenic shock (aOR 1.46, 95%
Cl: 1.40-1.51).

Conclusions: Acute AF is common in T2MI hospitalizations and is associated with mortality
and cardiogenic shock.
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INTRODUCTION

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia with an increasing prevalence
worldwide." It is associated with a substantial morbidity
burden, leading to more frequent hospitalizations and
emergency department visits compared to individuals
without the condition, and has been shown to increase
total healthcare costs by up to 2.2-fold.?® The etiology
of AF is multifactorial. Pathophysiologic contributors
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include activation of the renin-angiotensin-aldoster-
one system, hypoxia, mitochondrial dysfunction, and
autonomic imbalance.! These processes are often
driven by chronic comorbidities such as hypertension,
coronary artery disease, obesity, alcohol use, and
sleep-disordered breathing. In addition, acute systemic
stressors—including infections, major surgeries, or
myocardial infarction (MlI)—can precipitate the onset or
unmasking of AF.'45 |t is crucial to identify AF in this
high-risk population, as timely recognition and manage-
ment can reduce the risk of thromboembolic events.®

Type 2 myocardial infarction (T2MI) is defined
as myocardial ischemia resulting from an imbalance
between oxygen supply and demand without acute cor-
onary obstruction.” Prior studies have demonstrated that
acute AF commonly co-occurs with type 1 myocardial
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infarction (T1MI), with a significant increase in in-hospital
mortality and adverse cardiovascular events.®> However,
despite the rising prevalence of T2MlI, the relationship
between T2MI and acute AF remains poorly character-
ized. In particular, the prevalence of acute AF in patients
with T2MI and its impact on in-hospital outcomes such
as mortality and complications have not been well stud-
ied. Understanding the intersection of acute AF and
T2MI is critical, as these patients often present with
multiple comorbidities and complex clinical trajectories.
This study aims to characterize the incidence of acute
AF among patients hospitalized with T2MI and to eval-
uate the association between acute AF and in-hospital
outcomes, including mortality, cardiogenic shock, acute
kidney injury (AKI), and bleeding complications.

METHODS

We conducted a retrospective cohort study
using the National Inpatient Sample (NIS) from 2017
to 2022. The NIS, part of the Healthcare Cost and
Utilization Project (HCUP), is the largest publicly avail-
able all-payer inpatient database in the United States,
providing a 20% stratified sample of discharges from
U.S. community hospitals. We included adult patients
aged =18 years who were hospitalized with a princi-
pal or secondary diagnosis of T2MI, identified using
the International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) diagno-
sis code 121.A1, type 2 myocardial infarction. Patients
with a history of chronic atrial fibrillation and those
with missing data for key variables, e.g., age, sex,
mortality, and race, were excluded.

The primary exposure was a diagnosis of acute
AF, defined as the presence of ICD-10-CM codes:
1479, Paroxysmal tachycardia, unspecified; 1480,
Paroxysmal atrial fibrillation; 1481, Persistent atrial
fibrillation; 14811, Longstanding persistent atrial fibril-
lation; 14819, Other persistent atrial fibrillation; 14821,
Permanent atrial fibrillation; 1483, Typical atrial flutter;
1484, Atypical atrial flutter; 14891, Unspecified atrial
fibrillation, and 14892, unspecified atrial flutter.

Covariates, including age, sex, race, comorbidity
burden, and diagnoses of potential causes of myo-
cardial injury, were collected. Comorbidities were

measured using individual Elixhauser comorbidity
flags defined by HCUP software.

OuTcoMES

The primary outcome was the incidence of acute
AF among patients hospitalized with T2MI. Secondary
outcomes included in-hospital mortality, cardiogenic
shock, AKI, and bleeding complications.

ST7ATISTICAL ANALYSIS

We applied survey weights, stratification, and clus-
tering to all analyses to generate national estimates
per HCUP guidelines. Descriptive statistics summa-
rized baseline characteristics between T2MI patients
with and without acute AF. Continuous variables were
reported as means =+ standard deviations. Categorical
variables were summarized as weighted percentages.
Characteristics between patients with and without
acute AF were compared using design-based F tests
from a survey-adjusted chi-square test. Continuous
variables were reported as means with standard devi-
ations or medians with interquartile ranges and com-
pared using survey-weighted linear regression as
appropriate. Multivariable logistic regression was used
to estimate the adjusted odds ratio (aOR) and con-
fidence interval (Cl) for in-hospital mortality and car-
diogenic shock associated with acute AF. A two-sided
p-value <0.05 was considered statistically significant.
All analyses were performed using Stata version 18.0
(StataCorp, College Station, TX).

REsuLTS

A total of 2,016,429 hospitalized patients were
included for analysis. Of these, 31.1% developed
acute AF. Baseline demographic characteristics are
summarized in Table 1. Patients with acute AF were
older (77 vs. 70 years, p < 0.01) and were less likely
to be female (45.1% vs. 47.9%, p < 0.01). Significant
differences in racial distribution were observed. White
patients comprised the majority in the acute AF group
(75.9% vs. 63.8%). Black and Hispanic patients were
more prevalent in the non-acute AF group (12.0% vs.
19.5% and 6.7% vs. 10.2%, respectively).
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Table 1. Baseline Characteristics of T2MI Patients with and Without Acute AF

Acute AF No Acute AF
Characteristics (N = 630,8609) (N = 1,385,560) p-value
Incidence, % 31.3 68.7
Age, year (IQR) 77 (68, 85) 70 (59,80) <0.01
Female, % 45.1 479 <0.01
Race, % <0.01
White 75.9 63.8
Black 12.0 19.5
Hispanic 6.7 10.2
Asian or Pacific islander 2.6 2.8
Native American 0.5 0.9
Others 2.2 2.8
Comorbidities, %
Hypertension 86.4 80.0 <0.01
Diabetes Mellitus 41.0 41.9 <0.01
Congestive Heart Failure 68.5 52.9 <0.01
Valvular Heart Disease 25.5 15.9 <0.01
Peripheral Vascular Disease 15.4 11.2 <0.01
Pulmonary Circulation Disorder 17.7 14.6 <0.01
Chronic Kidney Disease 44.2 383 <0.01
Fluid and Electrolytes Disorder 56.6 58.2 <0.01
Liver Disease 8.4 10.0 <0.01
Obesity 18.8 19.3 <0.01
Hypothyroidism 18.3 14.4 <0.01
Cancer 7.9 8.3 <0.01
Drug Abuse 3.7 8.3 <0.01
Alcohol Abuse 4.4 6.2 <0.01
Causes of T2MI, %
Respiratory Failure 43.6 44.2 <0.01
Hypotension or shock 16.8 15.9 <0.01
Anemia 8.9 8.6 <0.01

Note: Values are presented as weighted percentages or means + SD. p-values are based on survey-weighted chi-square tests and survey-
weighted linear regression. T2MI = Type 2 Myocardial Infarction; AF = Atrial Fibrillation; IQR = Interquartile Range

The acute AF group exhibits a greater co-morbidity
burden, including hypertension (86.4% vs. 80.0%, p <
0.01), congestive heart failure (68.5% vs. 52.9%,
p <0.01), chronic kidney disease (44.2% vs. 38.3%,
p<0.01), valvular heart disease (25.5% vs. 15.9%,

p<0.01), peripheral vascular disease (15.4% vs.
11.2%, p<0.01), pulmonary circulation disorder
(17.7% vs. 14.6%, p<0.01) and hypothyroidism
(18.3% vs. 14.4%, p<0.01). In contrast, comorbidi-
ties such as diabetes, fluid and electrolyte disorders,
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Table 2. Unadjusted Outcomes Among Patients with and Without Acute AF

Acute AF No Acute AF
Outcomes (N = 630,8609) (N = 1,385,560) p-value
In-hospital Mortality, % 10.9 9.3 <0.01
Cardiogenic Shock, % 4.3 2.9 <0.01
Acute Kidney Injury, % 47.5 45.6 <0.01
Bleeding Complication, % 12.8 12.7 0.14

Note: All p-values are derived from survey-weighted analyses. AF = Atrial Fibrillation

obesity, liver disease, cancer, drug abuse, and alco-
hol abuse were observed to be lower in the acute AF

group.

Per T2MI etiology, there are slight differences
between the acute AF and non-acute AF groups as fol-
lows: respiratory failure (43.6% vs. 44.2%, p < 0.01);
hypotension or shock (16.8% vs. 15.9%, p < 0.01),
and anemia (8.9% vs. 8.6%, p <0.01).

In the unadjusted analysis, in-hospital mortality
was higher in the acute AF group (10.9% vs. 9.3%,
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p < 0.01) as illustrated in Table 2 and Figure 1. Other
secondary outcomes were also found to be signifi-
cantly greater: cardiogenic shock (4.3% vs. 2.9%,
p < 0.01) and AKI (47.5 vs. 45.6%, p < 0.01), while
there is no significant difference in bleeding compli-
cation among the two groups (12.8% vs. 12.7%, p =
0.14).

After adjusting for confounders, acute AF demon-
strates an independent predictor for mortality and
cardiogenic shock (aOR 1.17, 95% CI: 1.14-1.20)
and (aOR 1.46, 95% CI: 1.40-1.51), respectively,
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Figure 1. Adjusted odds ratio for in-hospital mortality in patients with type 2 myocardial infarction.
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Table 3. Adjusted In-Hospital Outcomes Associated with and Without Acute AF

In-hospital Mortality Cardiogenic Shock

Predictors (aOR, 95% CI) p-value (aOR, 95% CI) p-value

Acute AF 1.17 (1.14-1.20) <0.01 1.46 (1.40-1.51) <0.01

Age, year 1.02 (1.02-1.02) <0.01 0.98 (0.98-0.99) <0.01

Female 0.86 (0.84-0.88) <0.01 0.84 (0.80-0.87) <0.01

Race
Black 0.99 (0.95-1.02) 0.42 1.00 (0.95-1.06) 0.91
Hispanic 1.14 (1.10-1.19) <0.01 0.99 (0.93-1.06) 0.87
Asian or Pacific islander 1.06 (1.00-1.13) 0.06 1.20 (1.08-1.32) <0.01
Native American 1.13 (0.98-1.30) 0.08 0.93 (0.77-1.14) 0.49
Others 1.22 (1.14-1.31) <0.01 1.20 (1.08-1.33) <0.01

Comorbidities
Hypertension 0.57 (0.55-0.58) <0.01 0.64 (0.61-0.67) <0.01
Diabetes Mellitus 0.91 (0.86-0.93) <0.01 0.94 (0.91-0.98) <0.01
Congestive Heart Failure 1.06 (1.03-1.08) <0.01 4.32 (4.10-4.55) <0.01
Valvular Heart Disease 0.68 (0.66-0.71) <0.01 1.23 (1.21-1.32) <0.01
Peripheral Vascular Disease 0.93 (0.90-0.96) <0.01 1.14 (1.08-1.19) <0.01
Pulmonary Circulation Disorder 1.17 (1.13-1.20) <0.01 1.44 (1.38-1.51) <0.01
Chronic Kidney Disease 0.98 (0.96-1.01) 0.21 0.91 (0.88-0.95) <0.01
Fluid and Electrolytes Disorder 2.94 (2.86-3.03) <0.01 2.87 (2.73-3.00) <0.01
Liver Disease 3.11 (3.01-3.21) <0.01 3.50 (3.35-3.66) <0.01
Obesity 0.83 (0.82-0.87) <0.01 0.73 (0.70-0.77) <0.01
Hypothyroidism 0.84 (0.80-0.87) <0.01 0.86 (0.81-0.91) <0.01
Cancer 1.54 (1.49-1.59) <0.01 0.92 (0.86-0.99) 0.02
Drug Abuse 0.61 (0.58-0.64) <0.01 0.86 (0.81-0.92) <0.01
Alcohol Abuse 0.59 (0.58-0.64) <0.01 0.67 (0.63-0.74) <0.01

Note: AF = Atrial Fibrillation; aOR = Adjusted Odds Ratio; CI = Confidence Interval
as shown in Table 3 and Figure 2. Other predictors DiscusSsION

associated with increased mortality were older age
(aOR 1.02, 95% CI: 1.02-1.02), Hispanic (aOR 1.14,
95% CI: 1.10-1.19), congestive heart failure (aOR
1.06, 95% CI: 1.03—-1.08), pulmonary circulation dis-
order (aOR 1.17, 95% CI: 1.13-1.20) and cancer
(aOR 1.54, 95% CI: 1.49-1.59). Interestingly, fluid
and electrolyte disorders and liver disease demon-
strated strong associations with in-hospital mortality
(aOR 2.94, 95% CI: 2.86-3.03) and (aOR 3.11, 95%
Cl: 3.01-3.21), respectively and in cardiogenic shock
(aOR 2.87, 95% ClI: 2.73-3.00) and (aOR 3.50, 95%
Cl: 3.35-3.66), respectively.

This study is the first nationally representative
analysis examining the association between T2MI
and acute AF. In our study, the incidence of acute
AF among patients hospitalized with T2MI was
31.3%. We report a significantly higher incidence
proportion of acute AF compared to prior studies in
T1MI: 5.8-9% in ST-segment elevation Ml and 7.7%
in non-ST-segment elevation MI.%"0 This discrep-
ancy may reflect inaccuracies in coding for acute
AF, which might include patients with chronic atrial
fibrillation. Additionally, T2MI itself is often prone to
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Figure 2. Adjusted odds ratio for cardiogenic shock in patients with type 2 myocardial infarction.

misclassification, as reported by McCarthy et al. and
Saleh et al.” "2

In our cohort, the mean age of patients with acute
AF was 77 years, approximately 7 years older than
that of patients without acute AF. This is consistent
with the review by Belkouche et al., which noted that in
T2MI, AF predominantly occurs in older patients, typ-
ically in their 70s." This may also reflect the natural
progression of AF to more persistent forms at a mean
age of 70 years, often accompanied by a greater bur-
den of comorbidities.™

Atrial fibrillation has been identified as a predictor
of in-hospital mortality and increased hospital burdens,
especially in the non-extreme age population.
After age 75, AF was found to be no longer associated
with an increased in-hospital mortality."”” However, our
analysis revealed a weak association between acute
AF and in-hospital mortality. This weak association
may be attributable to the advanced age of our study
population. A moderate to strong association between
acute AF and in-hospital mortality was observed

among patients with fluid and electrolyte disorders
and liver disease. This finding is consistent with prior
studies that have demonstrated similar associations in
T1MI and critically ill patients.®1°

Another notable finding is that acute AF was
weakly to moderately associated with cardiogenic
shock in our cohort. This contrasts with the study by
Feistritzer et al., which reported that AF was not a risk
factor for cardiogenic shock in patients with T1MI.%°
These observations underscore the need for further
risk stratification to identify patients within this popu-
lation who may be at a higher risk of developing car-
diogenic shock.

Our findings highlight the complex interplay
between acute AF and outcomes in patients with T2MI.
Given the predominantly older age of our cohort, age-
stratified analyses may help determine whether a
stronger association exists in younger patients. Future
studies are warranted to further characterize these rela-
tionships and to guide more tailored risk stratification
and management strategies in this unique population.
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LIMITATIONS

This study has several limitations. First, it relies
on administrative data from the NIS, which is subject
to coding errors and misclassification, and accurately
captures acute AF. Second, the use of ICD-10-CM
codes does not allow confirmation of clinical diag-
noses through chart review or biomarkers, nor does
it provide information on AF chronicity beyond our
exclusion of known chronic AF cases. Third, the NIS
lacks granular clinical data, such as the severity of
cases, do-not-resuscitate status, intensive care unit
admission, or treatment protocol, which may influ-
ence both the incidence of AF and clinical outcomes.
Fourth, because the NIS is a hospitalization-level
dataset, repeat admissions of the same patient may
have been counted multiple times. Finally, the obser-
vational nature of this study precludes establishing
causality between AF and adverse outcomes in
T2MI.

CONCLUSIONS

Acute AF occurred in 31.3% of T2MI patients.
It demonstrated a weak association with in-hospital
mortality and a weak to moderate association with
cardiogenic shock. These findings highlight the need
for further age-stratified studies to identify higher-risk
subgroups.
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