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Abstract
Background Fever can occur after acute myocardial infarction (MI). The influence of body temperature (BT) after 
hospital arrival on patients with acute MI has rarely been investigated.

Methods Patients who were diagnosed with acute MI in the emergency department (ED) of a tertiary teaching 
hospital between 1 January 2020 and 31 December 2020 were enrolled. Based on the tympanic temperature 
obtained at the ED triage, patients were categorized into normothermic (35.5°C-37.5°C), hypothermic (< 35.5°C), or 
hyperthermic (> 37.5°C) groups. The primary outcome was in-hospital cardiac arrest (IHCA), while the secondary 
outcomes were adverse events. Statistical significance was set at p < 0.05.

Results There were 440 enrollees; significant differences were found among the normothermic (n = 369, 83.9%), 
hypothermic (n = 27, 6.1%), and hyperthermic (n = 44, 10.0%) groups in the triage respiratory rate (median [IQR]) (20.0 
[4.0] cycles/min versus 20.0 [4.0] versus 20.0 [7.5], p = 0.009), triage heart rate (88.0 [29.0] beats/min versus 82.0 [28.0] 
versus 102.5 [30.5], p < 0.001), presence of ST-elevation MI (42.0% versus 66.7% versus 31.8%, p = 0.014), need for 
cardiac catheterization (87.3% versus 85.2% versus 72.7%, p = 0.034), initial troponin T level (165.9 [565.2] ng/L versus 
49.1 [202.0] versus 318.8 [2002.0], p = 0.002), peak troponin T level (343.8 [1405.9] ng/L versus 218.7 [2318.2] versus 
832.0 [2640.8], p = 0.003), length of ICU stay (2.0 [3.0] days versus 3.0 [8.0] versus 3.0 [9.5], p = 0.006), length of hospital 
stay (4.0 [4.5] days versus 6.0 [15.0] versus 10.5 [10.8], p < 0.001), and infection during hospitalization (19.8% versus 
29.6% versus 63.6%, p < 0.001) but not in IHCA (7.6% versus 14.8% versus 11.4%, p = 0.323) or any adverse events 
(50.9% versus 48.1% versus 63.6%, p = 0.258). Multivariable analysis showed no significant association of triage BT with 
IHCA or any major complication.

Conclusion Triage BT did not show a significant association with IHCA or adverse events in patients with acute MI. 
However, triage BT could be associated with different clinical presentations and should warrant further investigation.
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Background
Fever can occur after acute myocardial infarction (MI) [1, 
2]. Body temperature could increase by more than 1  °C 
as soon as the first 4 to 8 h after onset of symptoms, peak 
in the first to second day with an average of 37.5 °C, and 
decrease in the fourth to fifth day after admission [2]. The 
development of fever involves an intricate response of 
the human pathophysiological pathway. After MI, mono-
cytes and lymphocytes infiltrate the myocardium [3, 4]. 
Cytokines, including interleukin (IL)-1, IL-6, IL-8, tumor 
necrosis factor-α, and interferon-γ, are released and pass 
through the blood‒brain barrier to influence the temper-
ature regulatory center in the hypothalamus [5]. Prosta-
glandin E2, which is released afterward, plays an essential 
role in the development of fever.

Elevation of body temperature influences the biochem-
istry and clinical outcomes of myocardial infarction 
patients [6–11]. Fever not only triggers an inflammatory 
response but also aggravates atherosclerosis and causes 
a “no-flow phenomenon” in the coronary artery, leading 
to an increase in infarction size [6]. Body temperature 
elevation is associated with increases in white blood cell 
count (WBC), C-reactive protein (CRP) and peak cre-
atine kinase (CK) in ST-elevation MI (STEMI) patients 
[7–9]. Cardiac magnetic resonance imaging showed that 
myocardial infarction size is larger in the febrile group 
than in the nonfebrile group [10]. Moreover, higher rates 
of heart failure, cardiogenic shock, one-year readmis-
sion, and one-year in-stent thrombosis were reported 
in patients with MI who had elevated body temperature 
[11, 12]. On the other hand, lower body temperature is 
also associated with inferior outcomes in patients in 
the emergency department (ED) [13]. Hypothermia can 
cause hypokalemia at first and then hyperkalemia due 
to cell lysis and depolarization [14]. However, therapeu-
tic hypothermia has been proposed for the treatment of 
acute MI to reduce the damage caused by post-ischemia–
reperfusion injury syndrome [15].

Most of the studies that explored the association of 
body temperature and MI focused on the body tempera-
ture recorded after admission to the intensive care unit 
[7, 9–11]. To our knowledge, the effect of triage body 
temperature on patients with acute MI has rarely been 
investigated before. The ED triage system uses basic 
information, including blood pressure, respiratory rates, 
oxygen saturation, and body temperature, to classify and 
prioritize patients. The initial body temperature could be 
associated with mortality in certain patient groups [16]. 
This study aimed to investigate the influence of triage 
body temperature in patients with acute MI.

Methods
Data source and study population
This study was a retrospective study of consecutive 
patients with acute MI from January 1, 2020, to Decem-
ber 31, 2020, in the ED of a tertiary medical center in 
Tainan, Taiwan. The average number of ED visits is 
100,668 annually. Data were retrospectively retrieved 
from electronic medical records and were deidentified for 
analysis. There was no community outbreak of COVID-
19 in Tainan city during the study period [17, 18].

Body temperature was measured as tympanic tem-
perature by an infrared ear thermometer (Chang Gung 
infrared-thermometer@, Chang Gung Medical Technol-
ogy Co., Taoyuan, Taiwan), which was calibrated regu-
larly. The tympanic temperature, which is a good index 
of core temperature, is usually 0.3–0.6 °C higher than an 
oral temperature [19]. We used the tympanic tempera-
ture, instead of the oral or rectal temperatures, because 
the tympanic temperature is widely utilized in the adult 
emergency department, especially the triage system [20]. 
Patients who had a triage body temperature greater than 
37.5  °C were assigned to the hyperthermic group [8, 12, 
21]. Those who had a triage body temperature less than 
35.5  °C were assigned to the hypothermic group [22]. 
Those who had a triage BT between 35.5 and 37.5  °C 
were assigned to the normothermic group.

The diagnosis of acute MI was based on the Fourth 
Universal Definition of Myocardial Infarction Consen-
sus Document [23]. Patients were diagnosed with STEMI 
or non-ST-elevation MI (NSTEMI) if they had a tropo-
nin level above the 99th percentile of the upper refer-
ence limit and at least one of the following: symptoms of 
myocardial ischemia, new ischemic changes on electro-
cardiogram, development of pathologic Q waves, imag-
ing evidence of new loss of myocardium or new regional 
wall motion abnormality in a pattern consistent with 
ischemia, or identification of thrombus by angiography 
or autopsy. Patients were excluded if they were younger 
than 20 years or pregnant; had out-of-hospital cardiac 
arrest, trauma, or autoimmune disease; or were missing 
triage body temperature values.

The normothermic, hypothermic, and hyperthermic 
groups
Basic characteristics
Basic characteristics consisted of age, sex, triage mea-
surements of vital signs, peak body temperature within 
24 h of arrival, comorbidities, intervention records, and 
a primary diagnosis of STEMI or NSTEMI. Triage mea-
surements of vital signs included body temperature, 
respiratory rate, systolic blood pressure, diastolic blood 
pressure, mean blood pressure and saturation.

Comorbidities included coronary artery disease (CAD), 
diabetes mellitus (DM), hypertension (HTN), heart 
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failure (HF), chronic kidney disease (CKD), cerebral 
vascular accident (CVA), malignancy, and dyslipidemia. 
The biochemical data included WBC, serum creatinine, 
CRP, and the initial and peak troponin-T levels. The clini-
cal stratification of the Killip class and syntax score [24], 
time to cardiac catheterization or intervention, develop-
ment of infection that required antibiotic treatment, ini-
tial blood culture results from emergency department or 
admission, length of stay in hospital, and length of stay 
in the intensive care unit (ICU) were also retrieved for 
analysis.

Outcome definition
The primary outcome was in-hospital cardiac arrest. The 
secondary outcomes were major adverse events, which 
included shock; pulmonary edema; new heart failure; 
arrhythmias such as ventricular tachycardia, ventricu-
lar fibrillation, or new atrial fibrillation; major bleeding 
that required transfusion; or acute renal failure, which 
was defined as a deteriorating glomerular filtration rate 
less than 15 ml/min/1.73 m2 or a need for hemodialysis. 
Patients who required antibiotic treatment per clinical 
judgment during hospitalization were defined as having 
infections.

Statistical analyses
Continuous variables are presented as the median and 
interquartile range (IQR). Categorical variables are 
presented as percentages. Student’s t test or one-way 
ANOVA was conducted to determine differences in con-
tinuous variables between groups. The Mann‒Whitney 
U test or Kruskal‒Wallis H test, which is a rank-based 
nonparametric test, was used to identify statistically sig-
nificant differences between two or more groups for an 
independent variable and a nonnormally distributed con-
tinuous dependent variable. Bonferroni’s post-hoc 2 by 
2 comparison tests were used when one-way ANOVA 
or the Kruskal‒Wallis H test indicated statistical signifi-
cance. Chi-square analysis or Fisher’s exact test was per-
formed to determine differences in categorical variables 
between groups, as applicable. We did not impute miss-
ing values, and all missing values were regarded as blank 
and excluded from the final analysis.

To identify the independent risk factors for outcome, 
we used univariable logistic regression followed by mul-
tivariable regression to obtain the associated odds ratios 
(ORs) and their 95% confidence intervals (CIs). In the 
multivariable analyses, we constructed full models that 
included triage BT and all the potential risk factors iden-
tified in the univariable analyses and then constructed 
the final models by applying the backward stepwise 
approach (exclusion set as p > 0.15) and medical knowl-
edge in accordance with the hypothesis. We also tried to 

apply propensity matching with baseline characteristics 
and comorbidities for patients with IHCA.

Statistical analyses were performed with MS. EXCEL 
and SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, 
USA). All statistical tests were performed at a two-sided 
significance level of 0.05.

Results
The inclusion and exclusion diagram is shown in Fig. 1. 
There were 470 patients with acute MI in the ED during 
the study period, and 30 patients were excluded due to 
out-of-hospital cardiac arrest (n = 22), autoimmune dis-
eases (n = 4), and missing records of triage body tempera-
ture (n = 4). Among the 440 patients who were enrolled 
in the final analysis, 369 (83.9%) were classified into the 
normothermic group (37.5  °C ≥ triage body tempera-
ture ≥ 35.5  °C), 27 (6.1%) were classified into the hypo-
thermic group (triage body temperature < 35.5  °C), and 
44 (10.0%) were classified into the hyperthermic group 
(triage body temperature > 37.5  °C). The distribution of 
triage body temperature is depicted in Supplementary 
Figure S1.

The basic characteristics of the enrollees are shown 
in Table  1. The normothermic group, hypothermic 
group, and hyperthermic group demonstrated statisti-
cally significant differences regarding triage body tem-
perature (°C) (median [IQR]) (36.5 [0.8], 35.3 [0.4], and 
37.9 [0.7], p < 0.001), peak body temperature within 24 h 
of ED arrival (°C) (37.1 [0.6], 36.9 [0.7], and 38.1 [1.0], 
p < 0.001), triage respiratory rate (cycles/min) (20.0 [4.0], 
20.0 [4.0], and 20.0 [7.5], p = 0.009), triage heart rate 
(beats/min) (88.0 [29.0], 82.0 [28.0], and 102.5 [30.5], 
p < 0.001), the presence of ST-elevation MI (42.0%, 66.7%, 
and 31.8%, p = 0.014), and the need for cardiac cath-
eterization (87.3%, 85.2%, and 72.7%, p = 0.034), positive 
blood cultures in STEMI (1.3%, 5.6% and 7.1%, p = 0.201), 
positive blood cultures in NSTEMI (2.3%, 11.1% and 
10%, p = 0.048). The hyperthermic group showed a sig-
nificantly higher respiratory rate and heart rate than the 
other groups in multiple comparison analysis.

The correlations of triage body temperature with bio-
chemical values and clinical outcomes are displayed in 
Table  2. The normothermic group, hypothermic group, 
and hyperthermic group showed statistically signifi-
cant differences regarding initial troponin T level (ng/L) 
(165.9 [565.2], 49.1 [202.0], and 318.8 [2002.0], p = 0.002), 
peak troponin T level (ng/L) (343.8 [1405.9], 218.7 
[2318.2], and 832.0 [2640.8], p = 0.003), infection (19.8%, 
29.6%, and 63.6%, p < 0.001), length of ICU stay (days) 
(2.0 [3.0], 3.0 [8.0], and 3.0 [9.5], p = 0.006), and length of 
hospital stay (days) (4.0 [4.5], 6.0 [15.0], and 10.5 [10.8], 
p < 0.001).

The adverse events and complications are shown in 
Table  3. The normothermic group, hypothermic group, 
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and hyperthermic group showed statistically significant 
differences in infection during hospitalization (19.8%, 
29.6%, and 63.6%, p < 0.001) and acute renal failure (7.9%, 
22.2%, and 15.9%, p = 0.016) but not in in-hospital cardiac 
arrest (7.6%, 14.8%, and 11.4%, p = 0.323) or overall com-
plications (50.9%, 48.1%, and 63.6%, p = 0.258).

The main causes of IHCA were showed in Supplemen-
tary Table  1. No significant differences were observed 
regarding the causes of IHCA among the groups.

The risk factors for in-hospital cardiac arrest are shown 
in Table 4. At the end of follow-up, we identified 37 (8.4%) 
patients with in-hospital cardiac arrest. The total sample 
size included into the full and final model analysis was 
424 from the original 440 patients. The missing rate was 
3.6% and therefore we did not interpolate data into the 
missing one. The significant risk factors for cardiac arrest 
from univariable logistic regression included age, MDP, 
oxygen saturation, DM, and coronary intervention. In the 
full or final models, which included all the potential risk 
factors and add-on STEMI/NSTEMI for cardiac arrest, 
the adjusted OR (AOR) associated with triage body 
temperature was not significant but was still included 
in the final model. In the final model, we demonstrated 
the BT factors with 1. 74 (95% CI: 0.50–6.03, p = 0.382) 
in the hypothermic group, and 1.26 (95% CI: 0.42–3.78, 
p = 0.687) in the hyperthermic group. Other independent 
risk factors for cardiac arrest included age (AOR = 1.04, 

95% CI: 1.00-1.07, p = 0.027), MBP (AOR = 0.97, 95% CI: 
0.96–0.99, p < 0.001), DM (AOR = 2.49, 95% CI: 1.14–5.45, 
p = 0.022), receiving cardiac catheterization (AOR = 0.24, 
95% CI: 0.10–0.58, p = 0.002), and STEMI (AOR = 2.49, 
95% CI: 1.09–5.69, p = 0.031)/NSTEMI (AOR = 0.40, 95% 
CI: 0.18–0.92, p = 0.031).

We tried to apply propensity matching with base-
line characteristics and comorbidities for patients with 
IHCA. There was with a tolerance score of 0.02 and with-
out replacement; and the selected matching were 37 pairs 
of fuzzy matches (4.501% of 822 tries). Nevertheless, the 
AOR in the model was still difficult to be perfect adjusted 
and modified. The results of propensity matching analysis 
were provided in Supplementary Table 2.

The risk factors for complications are shown in Table 5. 
We identified 229 (52.0%) patients with complications. 
The significant risk factors for any complication from 
the univariable logistic regression included age, sex, tri-
age body temperature, respiratory rate, heart rate, oxygen 
saturation, CAD, DM, HTN, HF, CKD, CVA, and car-
diac catheterization. In the final model, which included 
all the potential risk factors and STEMI/NSTEMI for 
any complication, the AOR associated with triage body 
temperature were 0.84 (95% CI: 0.32–2.23, p = 0.728) 
in hypothermic group, and 1.03 (95% CI: 0.45–2.33, 
p = 0.948) in hyperthermic group. In the final model, the 
AOR associated with triage body temperature was not 

Fig. 1 Patient inclusion diagram. Abbreviations: AMI, acute myocardial infarction; BT, body temperature; ED, emergency department; OHCA, out-of-
hospital cardiac arrest
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Table 1 Basic characteristics among different triage body temperature groups
Normothermic
(N = 369)
n (%) or median 
(IQR)

Hypothermic
(N = 27)
n (%) or median 
(IQR)

Hyperthermic
(N = 44)
n (%) or median 
(IQR)

p value
Kruskal‒Wallis

Post 
Hoc
Bon-
ferroni

Age (y/o) 67.8 (21.7) 69.9 (14.2) 72.3 (24.8) 0.260

Sex: Male 269 (72.9%) 21 (77.8%) 28 (63.6%) 0.347

Triage BT (°C) 36.5 (0.8) 35.3 (0.4) 37.9 (0.7) < 0.001 #, $, &

Peak BT in 24 h (°C) 37.1 (0.6) 36.9 (0.7) 38.1 (1.0) < 0.001 $, &

Triage

RR (rate/min) 20.0 (4.0) 20.0 (4.0) 20.0 (7.5) 0.009 $, &

SBP (mmHg) 140.0 (46.0) 125.0 (56.0) 137.5 (43.0) 0.293

DBP (mmHg) 84.0 (28.5) 74.0 (42.0) 79.5 (23.8) 0.058

MBP (mmHg) 102.3 (31.7) 89.0 (45.3) 102.3 (28.4) 0.089

HR (beat/min) 88.0 (29.0) 82.0 (28.0) 102.5 (30.5) < 0.001 $, &

SpO2 (%) 98.0 (5.0) 99.0 (2.8) 98.0 (6.0) 0.598

Comorbidity

CAD 94 (25.5%) 7 (25.9%) 10 (22.7%) 0.921

DM 168 (45.5%) 10 (37.0%) 19 (43.2%) 0.676

HTN 240 (65.0%) 12 (44.4%) 28 (63.6%) 0.100

HF 45 (12.2%) 2 (7.4%) 3 (6.8%) 0.455

CKD 102 (27.6%) 8 (29.6%) 8 (18.2%) 0.385

Old CVA 46 (12.5%) 3 (11.1%) 11 (25.0%) 0.067

Malignancy 33 (8.9%) 3 (11.1%) 6 (13.6%) 0.581

Dyslipidemia 110 (29.8%) 8 (29.6%) 12 (27.3%) 0.941

PCI 322 (87.3%) 23 (85.2%) 32 (72.7%) 0.034

Door to catheterization (min) (N = 341) 110.0 (841.0) 78.0 (394.0) 701.0 (1358.0) 0.101

Positive blood culture 7 (1.9%) 2 (7.4%) 4 (9.1%) 0.011

STEMI 155 (42.0%) 18 (66.7%) 14 (31.8%) 0.014

NSTEMI 214 (58.0%) 9 (33.3%) 30 (68.2%) 0.014

STEMI, positive blood culture 2 (1.3%) 1 (5.6%) 1 (7.1%) 0.201

NSTEMI, positive blood culture 5 (2.3%) 1 (11.1%) 3 (10%) 0.048
# Normothermic vs. Hypothermic, $ Normothermic vs. Hyperthermic, & Hypothermic vs. Hyperthermic

Abbreviations: BT, body temperature; CAD, coronary artery disease; CKD, chronic kidney disease; CVA, cerebral vascular accident; DBP, diastolic blood pressure; DM, 
diabetes mellitus; HF, heart failure; HR, heart rate; HTN, hypertension; IQR, interquartile range; MBP, mean blood pressure; NSTEMI, non-ST-elevation myocardial 
infarction; PCI, percutaneous coronary intervention; RR, respiratory rate; SBP, systolic blood pressure; STEMI, ST-elevation myocardial infarction

Table 2 Biochemical values and clinical outcome
Normothermic
(N = 369)
n (%) or median (IQR)

Hypothermic
(N = 27)
n (%) or median (IQR)

Hyperthermic
(N = 44)
n (%) or median (IQR)

p value
ANOVA
K-W test

Post Hoc
Bonferroni

WBC (10^3/µL) 10.0 (4.8) 9.7 (5.1) 12.1 (6.1) 0.144

Creatinine 1.0 (0.8) 1.1 (1.7) 1.0 (0.6) 0.637

Initial TnT (ng/L) 165.9 (565.2) 49.1 (202.0) 318.8 (2002.0) 0.002 #, &

Peak TnT (ng/L) 343.8 (1405.9) 218.7 (2318.2) 832.0 (2640.8) 0.003 $, &

CRP (mg/L) (N = 15) 4.1 (111.9) 5.4 (7.0) 96.8 (87.5) 0.259

Killip class (N = 179) 1.0 (2.0) 2.0 (3.0) 3.0 (2.0) 0.069

Syntax score (N = 168) 20.0 (21.0) 23.0 (31.0) 23.5 (30.3) 0.732

Infection 73 (19.8%) 8 (29.6%) 28 (63.6%) < 0.001 $, &

ICU stay (days) 2.0 (3.0) 3.0 (8.0) 3.0 (9.5) 0.006 #

Hospital stay (days) 4.0 (4.5) 6.0 (15.0) 10.5 (10.8) < 0.001 $

# Normothermic vs. Hypothermic, $ Normothermic vs. Hyperthermic, & Hypothermic vs. Hyperthermic

Abbreviations: CRP, C-reactive protein; ICU, intensive care unit; IQR, interquartile range; TnT, troponin-T; WBC, white blood cell
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significant but was still be included in the model. Other 
independent risk factors for complications included age 
(AOR = 1.06, 95% CI: 1.04–1.08, p < 0.001), respiratory 
rate (AOR = 1.07, 95% CI: 1.00-1.14, p = 0.047), heart rate 
(AOR = 1.02, 95% CI: 1.01–1.03, p = 0.005), oxygen satu-
ration (AOR = 0.87, 95% CI: 0.82–0.94, p < 0.001), CKD 
(AOR = 1.99, 95% CI: 1.13–3.49, p = 0.016), and STEMI 
(AOR = 1.65, 95% CI: 1.00-2.70, p = 0.048)/NSTEMI 
(AOR = 0.61, 95% CI: 0.37–0.99, p = 0.048).

Discussion
The results of our study showed that the triage body tem-
perature of patients with acute MI was associated with 
the levels of certain biochemical parameters, length of 
hospital stay, and development of infection or acute renal 
failure in the hospital course, but not in-hospital cardiac 
arrest or overall complications. Our study also identified 
several risk factors that may serve as warning signs for 
cardiac arrest and complications.

In our study, the different triage body temperature 
groups shared similar basic characteristics despite minor 
abnormalities. The respiratory rate and heart rate were 
higher in the hyperthermic group, which was consistent 
with previous studies [25]. The hyperthermic group had 
fewer coronary interventions. The reasons for not under-
going coronary intervention included patient refusal, 
alternative intervention such as coronary artery bypass 
surgery, or unsuitability for intervention. The higher rates 
of NSTEMI or infection in the hyperthermic group might 
have led to fewer patients in this group undergoing coro-
nary intervention.

Accidental hypothermia was reported in patients with 
MI. Hypothermia can cause profound cellular damage, 
especially in skeletal and cardiac muscle [26]. The rise 
and fall of cardiac enzymes, especially the CK-myocardial 
band, can occur in hypothermic patients without MI [27, 
28]. Most patients with confirmed myocardial infarction 

in our study underwent coronary intervention. The hypo-
thermic group showed lower respiratory rates and heart 
rates than the hyperthermic group and lower diastolic 
blood pressure than the normothermic group. A systolic 
blood pressure less than 90 mmHg is a significant risk 
factor for mortality in patients with hypothermia [29]. 
However, the hypothermic group in this study consisted 
of patients with mild-to-moderate hypothermia with tri-
age body temperatures ranging from 32.8 to 35.4 °C and 
did not demonstrate significantly lower systolic blood 
pressure.

The level of cardiac enzymes is correlated with the 
severity of acute MI [30]. Previous studies found that 
patients with STEMI who had a higher peak body tem-
perature could have a higher level of CK [8, 11]. In this 
study, we found that the initial and peak troponin T lev-
els were higher even in the hypothermic and hyperther-
mic groups.

The hyperthermic group had a longer door-to-cath-
eterization time. There was no community outbreak of 
COVID-19 during the study period [17, 18] and none of 
the patients that were included in this study had COVID 
infection. We suspected that the presence of hyperther-
mia may have the clinicians to take precautions and per-
form more laboratory examination or imaging studies. 
The ambiguity of presenting symptoms also renders more 
time before making a diagnosis of myocardial infarction.

Among the 109 patients who had infections that 
required antibiotic treatment during hospitalization, 
pneumonia (59.6%) was the leading cause of infection, 
followed by urinary tract infection (34.9%) and soft tis-
sue infection (1.8%). Furthermore, among the 65 patients 
who were diagnosed with pneumonia, the positive rates 
of sputum and blood culture were 24.6% and 6.2%, 
respectively, which were lower than those in previous 
reports [31, 32]. We suspected that pneumonia might 
have been overly diagnosed when patients presented with 
fever and a pattern of pulmonary edema on the chest 
radiograph.

Septic patients who are presented as myocardial infarc-
tion may have altered clinical outcomes. Sepsis is an 
important etiology of type II MI, which results from 
increased oxygen demand or decreased myocardium 
supply. Severe septic patients with obstructive coronary 
artery disease were associated with a significant mortality 
increase at 60 days [33]. In this study, the patients with 
initial blood stream infection on admission were less than 
3%. We also identified that cardiogenic factors, respira-
tory problems and bleeding were the leading causes of 
cardiac arrests in this study, while sepsis was the least 
dominant etiology.

The incidence of newly developed heart failure was 
higher in the hyperthermic group, which was consistent 
with previous reports that febrile patients were prone 

Table 3 Incidence of adverse outcomes and infection based on 
triage body temperature

Normo-
thermic
(N = 369)
n (%)

Hypo-
thermic
(N = 27)
n (%)

Hyper-
thermic
(N = 44)
n (%)

p 
value

Overall complication* 188 (50.9%) 13 (48.1%) 28 (63.6%) 0.258

In-hospital cardiac arrest 28 (7.6%) 4 (14.8%) 5 (11.4%) 0.323

Shock 46 (12.5%) 5 (18.5%) 9 (20.5%) 0.258

Pulmonary edema 94 (25.5%) 5 (18.5%) 15 (34.1%) 0.311

New HF 64 (17.3%) 6 (22.2%) 14 (31.8%) 0.063

VT, Vf or new Af 68 (18.4%) 8 (29.6%) 9 (20.5%) 0.356

Major bleeding 20 (5.4%) 2 (7.4%) 1 (2.3%) 0.588

Acute renal failure 29 (7.9%) 6 (22.2%) 7 (15.9%) 0.016
Abbreviations: Af, atrial fibrillation; HF, heart failure; Vf, ventricular fibrillation; 
VT, ventricular tachycardia

* Overall complication included all listed adverse events
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to have cardiac pump failure and a higher readmission 
rate [11]. The effect of the initial body temperature on 
long-term prognosis requires further investigation and 
validation.

Inflammation plays a key role in abnormal body tem-
perature. Several medications, such as colchicine, 
canakinumab, or tocilizumab, which may also alter body 
temperature or modulate the inflammatory response, 
have already been evaluated in patients with acute coro-
nary syndrome [34, 35]. However, no significant differ-
ences were observed in our study regarding WBC or CRP 
among the different triage body temperature groups.

Significant differences in several adverse events, but 
not in-hospital cardiac arrest, were observed among 
the different triage body temperature groups. Our study 

showed that age, respiratory rate, heart rate, oxygen 
saturation and CKD were risk factors for complications 
in patients with MI. Increased age was correlated with a 
poor outcome of MI [36, 37]. An initial heart rate greater 
than 100 beats/min could predict poor left ventricular 
function [38], while oxygen saturation on admission was 
related to all-cause mortality [39]. A risk index has been 
proposed based on age, heart rate and systolic blood 
pressure to predict mortality in STEMI [40]. Our study 
identified several key factors of triage vital signs and 
comorbidities and thus could improve risk stratification 
in acute MI patients.

The initial body temperature has been frequently uti-
lized to triage patients and predict prognosis in clinical 
care. It was adopted earlier in the National Early Warning 

Table 4 The incidence and risk factors for in-hospital cardiac arrest
Not IHCA 
(N = 403)
n (%) or me-
dian (IQR)

IHCA (N = 37)
n (%) or me-
dian (IQR)

p value
Mann-Whitney

OR (95% CI)a AOR (95% CI)b AOR (95% CI)c

Age (y/o) 67.5 (20.4) 77.6 (16.2) < 0.001 1.05 
(1.02–1.08)***

1.03 (1.00-1.07)* 1.04 
(1.00-1.07)*

Sex: Male 292 (72.5%) 26 (70.3%) 0.776 0.90 (0.43–1.88)

Triage BT (°C) 36.6 (0.9) 36.7 (1.5) 0.965 1.03 (0.69–1.54)

Normothermic 341 (84.6%) 28 (75.7%) 0.323 1.00 1.00 1.00

Hypothermic 23 (5.7%) 4 (10.8%) 2.12 (0.69–6.55) 2.17 (0.59–7.89) 1.74 (0.50–6.03)

Hyperthermic 39 (9.7%) 5 (13.5%) 1.56 (0.57–4.28) 0.98 (0.30–3.26) 1.26 (0.42–3.78)

Peak BT in 24 h (°C) 37.2 (0.7) 37.1 (1.1) 0.432 1.04 (0.64–1.70)

RR (rate/min) 20.0 (4.0) 22.0 (7.0) 0.017 1.04 (0.99–1.09)

SBP (mmHg) 141.0 (44.3) 125.0 (47.0) < 0.001 0.98 
(0.97–0.99)***

DBP (mmHg) 84.5 (27.3) 68.0 (32.0) < 0.001 0.96 
(0.95–0.98)***

MBP (mmHg) 103.0 (31.7) 88.7 (36.0) < 0.001 0.97 
(0.96–0.99)***

0.97 
(0.95–0.98)***

0.97 
(0.96–0.99)***

HR (beat/min) 88.0 (29.3) 95.0 (42.0) 0.424 1.00 (0.98–1.02)

SpO2 (%) 99.0 (5.0) 97.0 (8.3) 0.011 0.95 (0.91–0.99)* 0.99 (0.93–1.04)

CAD 100 (24.8%) 11 (29.7%) 0.510 1.28 (0.61–2.69)

DM 172 (42.7%) 25 (67.6%) 0.004 2.80 (1.37–5.73)** 2.11 (0.95–4.73) 2.49 (1.14–5.45)

HTN 257 (63.8%) 23 (62.2%) 0.846 0.93 (0.47–1.87)

HF 44 (10.9%) 6 (16.2%) 0.331 1.58 (0.62–3.99)

CKD 105 (26.1%) 13 (35.1%) 0.233 1.54 (0.76–3.13)

Old CVA 52 (12.9%) 8 (21.6%) 0.139 1.86 (0.81–4.29)

Malignancy 38 (9.4%) 4 (10.8%) 0.784 1.16 (0.39–3.46)

Dyslipidemia 118 (29.3%) 12 (32.4%) 0.688 1.16 (0.56–2.38)

PCI 353 (87.6%) 24 (64.9%) < 0.001 0.26 
(0.13–0.55)***

0.24 
(0.09–0.61)**

0.24 
(0.10–0.58)**

Door to catheterization (min) (N = 341) 120.0 (846.0) 83.0 (787.8) 0.283 1.00 (1.00–1.00)

STEMI 168 (41.7%) 19 (51.4%) 0.255 1.48 (0.75–2.89) 1.96 (0.83–4.64) 2.49 
(1.09–5.69)*

NSTEMI 235 (58.3%) 18 (48.6%) 0.255 0.68 (0.35–1.33) 0.51 (0.22–1.20) 0.40 (0.18–0.92)
*p < 0.05, **p < 0.01, ***p < 0.001 / a single variable, b full model, c final model

Abbreviations: BT, body temperature; CAD, coronary artery disease; CI, confidence interval; CKD, chronic kidney disease; CVA, cerebral vascular accident; DBP, 
diastolic blood pressure; DM, diabetes mellitus; HF, heart failure; HR, heart rate; HTN, hypertension; IHCA, in-hospital cardiac arrest; IQR, interquartile range; MBP, 
mean blood pressure; NSTEMI, non-ST-elevation myocardial infarction; OR, odds ratio; PCI, percutaneous coronary intervention; RR, respiratory rate; SBP, systolic 
blood pressure; STEMI, ST-elevation myocardial infarction
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Score and Modified Early Warning Score and later pro-
posed in the Emergency Department Triage Early 
Warning Score to help allocate clinical resources [41]. 
A triage body temperature less than 36.5  °C is indepen-
dently associated with 30-day mortality in patients with 
hip fracture [42]. Body temperature is negatively corre-
lated with the prognosis of acute stroke [43]. Early detec-
tion of coronavirus aided by triage body temperature and 
other parameters was established during the pandemic 
[44]. Diagnostic or prognostic predictive models for dif-
ferent diseases that incorporate triage body temperature 
could be developed with the use of machine learning and 
artificial intelligence.

Limitation
This study had several limitations. First, it was a retro-
spective study. Although there were no significant dif-
ferences in most basic characteristics, subtle differences 
in the study population may be undetected. Second, 
this study was conducted in a single tertiary hospital in 
Taiwan. Whether the results of our study can be gener-
alized to Asian or other populations need to be investi-
gated. The retrospective design and the limited sample 
size of this study could render the study results relatively 
underpowered. We applied the POWER analysis with 
the software G*Power between the groups [25, 45], and 
a Power (1-β err prob) = 0.877 and a Cohen’s ω = 0.16 

Table 5 The incidence and risk of complications
Without compli-
cations (N = 211)
n (%) or median 
(IQR)

With complica-
tions (N = 229)
n (%) or me-
dian (IQR)

p value
Mann-Whitney

OR (95% CI)a AOR (95% CI)b AOR (95% CI)c

Age (y/o) 62.4 (17.6) 75.9 (18.9) < 0.001 1.07 (1.05–1.09)*** 1.06 
(1.04–1.08)***

1.06 
(1.04–1.08)***

Sex: Male 165 (78.2%) 153 (66.8%) 0.016 0.56 (0.37–0.86)** 1.15 (0.66-2.00)

Triage BT (°C) 36.5 (0.9) 36.7 (1.1) 0.016 1.28 (1.01–1.61)*

Normothermic 181 (85.8%) 188 (82.1%) 0.258 1.00 1.00 1.00

Hypothermic 14 (6.6%) 13 (5.7%) 0.89 (0.41–1.95) 0.83 (0.31–2.22) 0.84 (0.32–2.23)

Hyperthermic 16 (7.6%) 28 (12.2%) 1.69 (0.88–3.22) 1.01 (0.44–2.29) 1.03 (0.45–2.33)

Peak BT in 24 h (°C) 37.1 (0.7) 37.2 (0.9) 0.048 1.35 (1.01–1.80)*

RR (rate/min) 20.0 (2.0) 20.0 (6.0) < 0.001 1.22 (1.14–1.29)*** 1.07 (1.00-1.15)* 1.07 
(1.00-1.14)*

SBP (mmHg) 144.0 (36.0) 136.5 (56.8) 0.046 0.99 (0.99-1.00)

DBP (mmHg) 86.0 (28.0) 80.0 (29.0) 0.036 0.99 (0.98-1.00)

MBP (mmHg) 103.3 (28.3) 99.0 (34.3) 0.021 0.99 (0.98-1.00)

HR (beat/min) 82.0 (22.0) 95.0 (32.8) < 0.001 1.02 (1.01–1.03)*** 1.02 
(1.00-1.03)**

1.02 
(1.01–1.03)**

SpO2 (%) 99.0 (2.0) 97.0 (8.0) < 0.001 0.82 (0.77–0.88)*** 0.88 
(0.82–0.94)***

0.87 
(0.82–0.94)***

CAD 42 (19.9%) 69 (30.1%) 0.014 1.74 (1.12–2.70)* 1.34 (0.74–2.42)

DM 74 (35.1%) 123 (53.7%) < 0.001 2.15 (1.46–3.15)*** 1.03 (0.62–1.72)

HTN 120 (56.9%) 160 (69.9%) 0.005 1.76 (1.19–2.60)** 1.03 (0.62–1.72)

HF 17 (8.1%) 33 (14.4%) 0.036 1.92 (1.04–3.56)* 0.71 (0.31–1.62)

CKD 33 (15.6%) 85 (37.1%) < 0.001 3.18 (2.01–5.03)*** 1.95 
(1.05–3.64)*

1.99 
(1.13–3.49)*

Old CVA 19 (9.0%) 41 (17.9%) 0.007 2.20 (1.23–3.94)** 1.00 (0.49–2.06)

Malignancy 17 (8.1%) 25 (10.9%) 0.308 1.40 (0.73–2.67)

Dyslipidemia 65 (30.8%) 65 (28.4%) 0.578 0.89 (0.59–1.34)

PCI 194 (91.9%) 183 (79.9%) < 0.001 0.35 
(1.93 − 0.63)***

0.83 (0.38–1.79)

Door to catheterization (min) 
(N = 341)

130.5 (845.5) 101.0 (844.5) 0.475 1.00 (1.00–1.00)

STEMI 97 (46.0%) 90 (39.3%) 0.157 0.76 (0.52–1.11) 1.70 
(1.02–2.83)*

1.65 
(1.00-2.70)*

NSTEMI 114 (54.0%) 139 (60.7%) 0.157 1.31 (0.90–1.92) 0.59 
(0.35–0.98)*

0.61 
(0.37–0.99)*

*p < 0.05, **p < 0.01, ***p < 0.001; a single variable, b full model, c final model

Abbreviations: BT, body temperature; CAD, coronary artery disease; CI, confidence interval; CKD, chronic kidney disease; CVA, cerebral vascular accident; DBP, 
diastolic blood pressure; DM, diabetes mellitus; HF, heart failure; HR, heart rate; HTN, hypertension; IHCA, in-hospital cardiac arrest; IQR, interquartile range; MBP, 
mean blood pressure; NSTEMI, non-ST-elevation myocardial infarction; OR, odds ratio; PCI, percutaneous coronary intervention; RR, respiratory rate; SBP, systolic 
blood pressure; STEMI, ST-elevation myocardial infarction
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were obtained. Considering the Chi-Square test and the 
Cohen’s ω (0.1 as a small effect, 0.3 as a medium effect, 
and 0.5 as a large effect), we had a low effect size to draw 
our conclusions [46]. Third, the cutoff for body tempera-
ture in this study was determined according to previ-
ous studies. The different cutoffs of body temperature 
may lead to alterations in statistical analysis. Fourth, 
menstruation could affect body temperature. Core body 
temperature is lower in postmenopausal women than in 
premenopausal women [47]. Finally, most patients in this 
study were elderly, with an average age of 69.1 years old. 
Thus, stratified analysis on groups of different ages may 
help to identify sensitive variates in geriatrics. Our study 
was to investigate the patients with AMI in the ED and 
the patient number was rather limited. Although we tried 
to figure out and adjust the bias and covariates by multi-
variable logistic regression in the study, it was difficult to 
be random by matching method in the clinical scenario.

Conclusion
The triage body temperature of patients who have acute 
MI could be associated with different clinical presenta-
tions. This study investigated normothermic, hypother-
mic and hyperthermic groups and found differences in 
biochemical parameters, the length of hospital stay and 
adverse events but not in cardiac arrest or overall com-
plications. Several risk factors were proposed to help 
stratify patients and allocate clinical resources. Further 
studies are warranted to validate the correlation between 
infarction size and initial body temperature and the cor-
relation of initial body temperature with the long-term 
outcome of acute MI.
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