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Background: Type 2 myocardial infarction (MI) is becoming more recognized. This study aimed to assess the factors linked to type 2 
MI in older adults with pneumonia and further determine the predictive factors of 90-day adverse events (refractory heart failure, 
cardiogenic shock, and all-cause mortality).
Methods: A single-center retrospective analysis was conducted among older adults with pneumonia. The primary outcome was the 
prevalence of type 2 MI. The secondary objective was to assess the adverse events in these patients with type 2 MI within 90 days.
Results: A total of 2618 patients were included. Of these, 361 patients (13.8%) suffered from type 2 MI. Multivariable predictors of 
type 2 MI were chronic kidney disease (CKD), age-adjusted Charlson comorbidity index (ACCI) score, and NT-proBNP > 4165pg/ 
mL. Moreover, the independent predictive factors of 90-day adverse events included NT-proBNP > 4165pg/mL, age, ACCI score, and 
CKD. The Kaplan–Meier adverse events curves revealed that the type 2 MI patients with CKD and NT-proBNP > 4165pg/mL had 
a higher risk than CKD or NT-proBNP > 4165pg/mL alone.
Conclusion: Type 2 MI in older pneumonia hospitalization represents a heterogeneous population. Elevated NT-proBNP level and 
prevalence of CKD are important predictors of type 2 MI and 90-day adverse events in type 2 MI patients.
Keywords: type 2 myocardial infarction, pneumonia, older, mortality

Introduction
Type 2 myocardial infarction (MI) is a heterogeneous group with different aetiologies and triggers, and increasingly 
recognized.1–3 Compared with type 1 MI patients, type 2 MIs were significantly older and had more comorbidities.4–6 

Type 2 MI is caused by an imbalance between myocardial oxygen supply and demand during acute illness, such as 
haemodynamic instability, tachycardia, respiration failure, severe anemia, congestive heart failure, and recent surgical 
procedures.7–12 The pathogenesis of the disease is multifactorial; various and heterogeneous conditions can coexist and 
lead to a mismatch between myocardial supply and demand.13 Age-related factors may act as potential triggers and are 
closely linked to the diagnosis, therapy, and prognosis of type 2 MI. The occurrence of type 2 MI varies widely between 
1% and 74% among all cases of MI,3,14–16 and it is high among elderly patients. Type 2 MI is frequently induced by 
haemodynamic instability or respiration failure.17–21 Medical triggers have association with all-cause death rate.22 The 
mortality after type 2 MI differs depending on the pre-existing illness, and hypoxic respiratory failure is linked with the 
highest death rate.23 Moreover, a significant increase in chronic kidney disease (CKD)-related mortality has been 
observed, and such a result is mainly due to the increase in ages 80 years or more.24

Given their high complexity and vulnerability, older adults with greater comorbidities are particularly prone to the 
incidence of type 2 MI. Older adults with pneumonia have a greater prevalence of multiple co-morbidities, and higher 
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occurrence of frailty. Therefore, the aim of this study was to describe the clinical features and assess the associated factors with 
type 2 MI in the adults with pneumonia aged 80 years and older. Meanwhile, we determined the predictive factors of 90-day 
adverse events (refractory heart failure, cardiogenic shock, and all-cause death) in these patients of type 2 MI.

Methods
Study Population
A retrospective observational analysis was performed among patients who were aged 80 years and older admitted with 
pneumonia consecutively to Chinese PLA General Hospital from December 2016 to December 2022. The patients underwent 
N-terminal B-type natriuretic peptide (NT-proBNP) measurement on the basis of medical indication in 24 hours of admission. 
Demographic and clinical information were obtained from relevant electronic clinical files. The age-adjusted Charlson 
comorbidity index (ACCI) score was calculated for assessment of co-morbidity severity. ACCI is a validated method for 
the prediction of mortality risk on the basis of co-morbidities.25 The study was approved by research ethics committees of 
Chinese PLA General Hospital, and informed consent was waived due to its retrospective design (No. S2021–096-01).

Measurement of Plasma NT-proBNP
The measurement of NT-proBNP was through electrochemiluminescence immunoassay using the Dimension Vista 500 
Intelligent Laboratory System (Siemens Healthcare Diagnostics, Deerfield, Illinois, USA).

Diagnosis of Type 2 MI
According to the Fourth Universal Definition of MI, the definition of type 2 MI was the occurrence of myocardial 
necrosis assessed by elevated cTnI, resulting from the imbalance between oxygen supply and demand of myocardium.2 

Two cardiologists conducted a thorough review of all medical records and made a final determination of type 2 MI. 
A third cardiologist were responsible for discrepancies in diagnosis. Patients during dialysis due to end-stage kidney 
failure were excluded from the analysis. Additionally, the patients who had Takotsubo cardiomyopathy, type 3, 4, or 5 
MI, or insufficient data available electronically were also excluded.

Clinical Outcomes
The primary outcome of the research was the incidence of type 2 MI in older adults with pneumonia. The secondary 
outcome was the 90-day adverse events (refractory heart failure, cardiogenic shock, and all-cause death) in these type 2 
MI patients after initial presentation. The data of follow-up were collected through medical files or telephone interviews.

Statistical Analysis
Distributed normally continuous data were presented as the mean ± standard deviation, while the percentages and 
frequencies were used to present the categorical variables. χ2 tests were employed to compare categorical variables. In 
the univariate analysis these variables with P < 0.05 were included in the multivariate analysis. Multivariable logistic 
regression was performed to determine the independent risk factors after adjusting for confounding variables. Moreover, 
logistic regression was employed for prediction of adverse events (refractory heart failure, cardiogenic shock, and all- 
cause death) within 90 days. The findings were expressed as adjusted odds ratios (OR) and 95% confidence interval (CI). 
Adverse event curves were assessed using the Kaplan–Meier method and the differences in event rates among groups 
were compared through the Log rank test. We analyzed all data through SPSS 20 (IBM SPSS Statistics, Armonk, 
New York, USA). Statistical significance was defined as P < 0.05.

Results
Baseline Characteristics
We included a total of 2618 patients with pneumonia as a primary diagnosis. Of these, 361 patients (13.8%) had type 2 MI. 
The average age of the total cohort was 88.14 ± 5.66 years. Table 1 shows the patient demographics and characteristics.
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Factors Linked to the Occurrence of Pneumonia with Type 2 MI
Compared with pneumonia patients who did not have type 2 MI, those with type 2 MI exhibited a greater prevalence of CKD, NT- 
proBNP > 4165pg/mL, and higher ACCI scores (Table 1). Moreover, patients diagnosed with type 2 MI had a greater tendency to 
develop congestive heart failure NYHA III/IV. Stepwise multivariate logistic regression showed that CKD (OR 7.354 [3.604– 
15.005] P < 0.001), ACCI score (OR 1.093 [1.030–1.160] P = 0.003), and NT-proBNP > 4165pg/mL (OR 12.277 [7.778–19.379] 
P < 0.001) were independent predictors for type 2 MI after adjustments for confounding factors (Table 2) (Figure 1).

Factors Associated with Adverse Events (Refractory Heart Failure, Cardiogenic 
Shock, and All-Cause Death) of Type 2 MI Within 90 Days
Table 3 presented the clinical features of the type 2 MI patients during the 90-day follow-up. Compared with the patients 
without adverse events, those who experienced adverse events were older and had increased incidence of congestive 

Table 1 Baseline Characteristics of Pneumonia Patients with and without Type 2 MI

Characteristics With Type 2 MI Without Type 2 MI P-value

n = 361 n = 2257

Age (year) 88.1±5.9 88.2±5.6 0.7643

Male, n (%) 282(78.1) 1713(75.9) 0.3579
BMI ≥ 27 kg/m², n (%) 40(11.1) 225(9.9) 0.7340

Comorbidities, n (%)

Hypertension 308(85.3) 1851(82.0) 0.1250
Heart rate > 120/min 189(52.4) 435(19.3) <0.0001

DM 147(40.7) 866(38.4) 0.3945

Dyslipidemia 216(59.8) 1272(56.4) 0.2157
Peripheral vascular disease 157(43.5) 943(41.8) 0.5413

Hemoglobin < 80 g/L 32(8.9) 83(3.7) <0.0001

CKD 190(52.6) 372(16.5) <0.0001
Congestive heart failure NYHA III/IV 167(46.3) 740(32.8) <0.0001

Coronary artery disease 233(64.5) 1399(62.0) 0.3517

COPD 129(35.7) 711(31.5) 0.1097
NT-proBNP > 4165pg/mL 214(59.3) 329(14.6) <0.0001

Sepsis 33(9.1) 76(3.4) <0.0001

ACCI 8.60±2.34 8.30±2.01 0.0212
Echocardiographic results

LVEF (%) 52.07±10.32 51.29±10.92 0.2028

Note: Data are mean ± standard deviation or n (%). 
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; 
ACCI, age-adjusted Charlson comorbidity index; DM, diabetes mellitus; LVEF, left ventricular ejection fraction.

Table 2 Multivariate Logistic Regression Analysis of Risk Factors of Type 
2 MI in Older Adults with Pneumonia

Risk Factors OR 95% CI P-value

ACCI 1.093 1.030–1.160 0.003

Sepsis 1.014 0.615–1.672 0.955
Hemoglobin < 80 g/L 0.689 0.431–1.101 0.120

Heart rate > 120/min 0.267 0.130–0.546 < 0.0001

CKD 7.354 3.604–15.005 < 0.0001
Congestive heart failure NYHA III/IV 0.293 0.199–0.432 < 0.0001

NT-proBNP > 4165pg/mL 12.277 7.778–19.379 < 0.0001

Abbreviations: CKD, chronic kidney disease; MI, myocardial infarction; ACCI, age-adjusted 
Charlson comorbidity index; OR, odds ratios; CI, confidence interval.
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heart failure NYHA III/IV, NT-proBNP > 4165pg/mL, as well as CKD. Furthermore, higher 90-day adverse events were 
significantly associated with higher ACCI score (Table 3).

In type 2 MI pneumonia patients, multivariable logistic regression after adjustment further showed that independent 
predictors of 90-day adverse events included NT-proBNP > 4165pg/mL (OR 31.53 [12.575–79.043] P < 0.0001), age 
(OR 1.30[1.211–1.406] P < 0.0001), ACCI score (OR 1.28 [1.111–1.469] P = 0.0006), and CKD (OR 10.06 [4.482– 
22.602] P < 0.0001) (Table 4) (Figure 2).

The Kaplan–Meier Adverse Events (Refractory Heart Failure, Cardiogenic Shock, and 
All-Cause Death) Curves
The Kaplan–Meier adverse events curves revealed that the type 2 MI patients, who had CKD along with NT-proBNP > 
4165pg/mL were at higher risk than CKD or NT-proBNP > 4165pg/mL alone (Log rank test, P = 0.0012) (Figure 3). 

Figure 1 Associations of risk factors with type 2 MI in older adults with pneumonia. 
Abbreviations: CKD, chronic kidney disease; ACCI, age-adjusted Charlson comorbidity index.

Table 3 Characteristics of Type 2 MI Based on the Occurrence of 90-Day Adverse Events 
(Refractory Heart Failure, Cardiogenic Shock, and All-Cause Death)

Variables Without Adverse Events Adverse Events P-value

n = 221 n = 140

Age (year) 85.796±4.751 91.671±5.766 0.0107
Male, n (%) 172(77.8) 110(78.6) 0.8678

BMI ≥ 27 kg/m², n (%) 25(11.3) 15(10.7) 0.8600

Comorbidities, n (%)
Hypertension 187(84.6) 121(86.4) 0.6353

Congestive heart failure NYHA III/IV 70(31.7) 97(69.3) <0.0001

DM 88(39.8) 59(42.1) 0.6615
Heart rate > 120/min 110(49.8) 79(56.4) 0.2174

Dyslipidemia 132(59.7) 84(60.0) 0.9591

Hemoglobin < 80 g/L 17(7.7) 15(10.7) 0.3250
COPD 78(35.3) 51(36.4) 0.8265

Peripheral vascular disease 92(41.6) 65(46.4) 0.3701

NT-proBNP > 4165pg/mL 93(42.1) 121 (86.4) <0.0001
Sepsis 14(6.3) 19(13.6) 0.0201

ACCI 8.090±2.054 9.436±2.508 0.0084

CKD 82(37.1) 108(77.1) <0.0001
Coronary artery disease 136(61.5) 97(69.3) 0.1338

Echocardiographic results
LVEF (%) 51.701±10.148 52.664±10.549 0.6122

Note: Data are mean ± standard deviation or n (%). 
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ACCI, 
age-adjusted Charlson comorbidity index; DM, diabetes mellitus; LVEF, left ventricular ejection fraction.
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Moreover, the Kaplan–Meier adverse events curves demonstrated that the type 2 MI patients with both CKD and NT- 
proBNP > 8330pg/mL (4165×2) had a considerably higher occurrence of adverse events than CKD and NT-proBNP > 
4165pg/mL (Log rank test, P = 0.0082) (Figure 4).

Discussion
In this real-world study, we demonstrated that older pneumonia patients with type 2 MI represented a heterogeneous 
population with underlying co-morbidities compared with pneumonia patients without type 2 MI. High ACCI score and 
NT-proBNP > 4165pg/mL were important predictors of type 2 MI in pneumonia patients, and also patients with a history 

Table 4 Multivariate Logistic Regression Analysis of Predictive Factors of 
90-Day Adverse Events (Refractory Heart Failure, Cardiogenic Shock, 
and All-Cause Death) in Older Pneumonia Patients with Type 2 MI

Risk Factors OR 95% CI P-value

ACCI 1.28 1.111–1.469 0.0006

Sepsis 2.56 0.637–10.307 0.1851
CKD 10.06 4.482–22.602 <0.0001

Congestive heart failure NYHA III/IV 0.32 0.141–0.718 0.0058

NT-proBNP > 4165pg/mL 31.53 12.575–79.043 <0.0001
Age 1.30 1.211–1.406 <0.0001

Abbreviations: CKD, chronic kidney disease; ACCI, age-adjusted Charlson comorbidity 
index; OR, odds ratio; CI, confidence interval.

Figure 2 Associations of risk factors with 90-day adverse events in older pneumonia patients of type 2 MI. 
Abbreviations: CKD, chronic kidney disease; ACCI, age-adjusted Charlson comorbidity index.

Figure 3 Kaplan–Meier 90-day adverse events (refractory heart failure, cardiogenic shock, and all-cause death) curves according to NT-proBNP level and CKD. 
Abbreviation: CKD, chronic kidney disease.
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of CKD had a higher likelihood of developing the condition. These results are in line with the findings of previous 
research, which showed that the most common etiologies among comorbidities associated with type 2 MI comprised 
inflammation and CKD.6,9,18,20,23 In addition, in pneumonia patients with type 2 MI, NT-proBNP > 4165pg/mL, age, and 
CKD were independent predictors of 90-day adverse events. We identified 4165pg/ mL as the optimal value for NT- 
proBNP, which was based on our experience and another study.26 Importantly, the combined use of CKD and NT- 
proBNP improved the identification of 90-day adverse events. It would be more effective to assess both at the same time. 
Moreover, the presence of CKD and NT-proBNP > 8330pg/mL (4165×2) were significantly more likely to have adverse 
events than CKD and NT-proBNP > 4165pg/mL.

To date, the epidemiological information of type 2 MI has shown that there is considerable variation. Type 2 MI is 
triggered by numerous heterogeneous conditions.2 In the elderly, the influence of aging, comorbidities, and their mutual 
interactions during acute illness led to an increased risk of the myocardial supply/demand mismatch. The incidence of 
type 2 MI is reliant on the population, comorbidities, definition, adjudication method, chosen cardiac biomarkers, and 
cut-off values employed for the diagnosis.3,27,28 Patients of type 2 MI are at higher risk of adjusted all-cause death.9,29–32 

Recognition of the triggers of type 2 MI is essential for its prevention. The causes of the mismatch between oxygen 
supply and demand that leads to type 2 MI may be multifactorial, particularly in patients characterized by complex 
illnesses or multiple underlying diseases. These diseases tend to cluster in cohorts with increasing age. In addition, 
medical indicators have association with all-cause mortality.22 Assessing risk factors for 90-day adverse events play an 
important role in older type 2 MI individuals. The mortality after type 2 MI is significantly linked to the triggering factor 
for the mismatch of supply/demand.8 The explanation of cause-specific mortality analyses could be that this depends on 
various clinical patterns, intertwining acute and chronic illnesses, rather than individual predisposing factors. Thus, these 
factors possess the ability to cause a mismatch between demand and supply, resulting in type 2 MI. And the prognosis is 
associated with provoking factors. CKD overlapped with several conditions, including infection, respiratory failure, and 
displayed a significant correlation with reduced cardiac troponin clearance.23 The existence and the degree of CKD 
implied an unfavorable risk pattern, and it became increasingly linked with more co-morbidities.33 NT-proBNP plays 
a vital role in assessing the risk level of patients suffering from heart failure.34 The change of NT-proBNP was associated 
significant decrease in eGFR, which may be in part due to decreased clearance of NT-proBNP with worsening kidney 
function and in part related to increased myocardial stress in the setting of kidney disease.35 Elevated NT-proBNP levels 
specific to CKD were linked to higher risk of adverse events. In CKD patients, elevation of NT-proBNP was 
independently linked with higher risks of cardiovascular and all-cause mortality.36 Both serum creatinine and NT- 
proBNP could offer direction for individuals with heart failure.37 The long-term mortality risk of patients admitted for 
heart failure was affected by their renal function at admission and the early alterations of NT-proBNP levels.38

These present findings highlight the important predictors of type 2 MI, which may help physicians to differentiate 
patients presenting with type 2 MI. This outcome seems to diverge from other studies and could potentially be attributed 
to variations of coexisting medical conditions and age. Identifying a correlation between clinical features, underlying 

Figure 4 Kaplan–Meier 90-day adverse events (refractory heart failure, cardiogenic shock, and all-cause death) curves according to NT-proBNP level and CKD. 
Abbreviation: CKD, chronic kidney disease.
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factor and prognosis can provide a valuable tool in assessing risk stratification. In addition, this study may guide 
practitioners in determining who could benefit from NT-proBNP target for early intensive intervention. Treating the 
underlying factors of type 2 MI is advised, along with implementing individualized care.39–41 This predictive analysis for 
90-day adverse events can help in the risk stratification of patients with type 2 MI given that these groups are 
characterized by age, high prevalence of comorbidities, CKD and elevated levels of NT-proBNP. These findings 
emphasize elevation NT-proBNP specific to CKD could be identified to guide their use in this population. Further 
studies are needed to more effectively investigate the underlying factors and triggers that contribute to type 2 MI in real- 
life situations. Risk stratification and optimal therapeutic strategies should be tailored for the triggers of type 2 MI.

There were several limitations in the present study. First, this research was a retrospective analysis without uniform 
intervals for the collection of biomarkers. Furthermore, the interpretation on the possible precipitating factors of type 2 MI 
may be incomplete, and the frequency of type 2 MI can be underestimated. Second, the enrolment of patients was limited to 
older adults with pneumonia. Therefore, extrapolation to the whole population of type 2 MI patients was difficult. Several of 
these patients might have been hospitalized for another reason, and their features and death rates may vary. Third, despite 
multivariable adjustment, the database did not contain data on confounding variables, including echocardiographic outcomes 
and medications. It is likely that treatments were not standardized and the strategies and outcomes were different. Fourth, 
given that the patients receiving chronic hemodialysis were excluded, these findings cannot be extrapolated to patients with 
end-stage renal disease requiring dialysis. Fifth, participants of the study were derived from limited sources of population, 
which limited the generalizability to other groups. Therefore, the rates of occurrence cannot be compared directly to those 
previously documented. Sixth, the absence of coronary angiography or functional cardiac imaging is a disadvantage. 
Consequently, the prevalence of type 1 MI might be underestimated significantly. Possibly, several type 2 MIs were 
unrecognized type 1 MIs. Seventh, although these diagnoses were according to the Fourth Universal Definition of 
Myocardial Infarction with central adjudication by experienced cardiologists, misclassification and selection bias might 
have still occurred. This problem appears to be more prevalent among elderly individuals due to the frequent occurrence of 
non-typical clinical manifestations of MI. Finally, the 90-day follow-up period was relatively short. Therefore, it was not 
possible to determine the effect of type 2 MI on long-term results. Nonetheless, the study conducted a detailed analysis of 
a real-world group of older adults with pneumonia who developed type 2 MI. Multi-center prospective studies with 
sophisticated evaluations should be conducted to further confirm and address these limitations.

Conclusions
Type 2 MI in older adults with pneumonia hospitalization represents a heterogeneous population with a great burden of 
comorbidities. Elevated NT-proBNP levels and prevalence of CKD are important independent predictors of type 2 MI 
and 90-day adverse events in type 2 MI patients. The combination of CKD and elevated NT-proBNP levels is more 
predictive than either elevated NT-proBNP levels or CKD alone.

Ethics Approval
This study was conducted in accordance with the Declaration of Helsinki. It was approved by research ethics committees 
of Chinese PLA General Hospital, and informed consent was waived due to its retrospective design (No. S2021–096-01). 
Patient data were kept confidential in this study.
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