
156

� 원 저 �대한응급의학회지 제 33 권 제 2 호

Volume 33, Number 2, April, 2022

MMeeddiiccaall

Actual sweating as a significant predict factor of acute coronary syndrome
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Objective: This study aims to identify significant factors such as sweat that can be used as important predictors of acute
coronary syndrome (ACS) in patients visiting the emergency department (ED) complaining of chest pain.
Methods: This observational, retrospective, registry-based study conducted from May 2020 to November 2020 evaluat-
ed patients who visited the ED due to chest pain. Parameters associated with ACS were investigated, and the clinical
characteristics and symptoms were analyzed.
Results: A total of 230 patients visited the ED with chest pain. Of these, 94 (40.9%) were diagnosed with ACS.
Univariate regression analysis showed that facial sweating (odds ratio [OR], 2.624; 95% confidence interval [CI], 1.241-
5.549; P=0.012) and drench sweating (OR, 3.346; 95% CI, 1.602-6.991; P=0.001) were associated with ACS. Hence, we
classified these patients as the actual sweating group. However, the sweaty feeling self-reported by patients with no visi-
ble sweat did not correlate with ACS. Multivariate logistic regression analysis showed that age (OR, 1.043; 95% CI,
1.016-1.071; P=0.002), quantum of smoking (OR, 1.023; 95% CI, 1.005-1.041; P=0.010), diastolic blood pressure (OR,
1.028; 95% CI, 1.004-1.049; P=0.009), squeezing chest pain (OR, 2.128; 95% CI, 1.000-4.531; P=0.050), and actual
sweating (OR, 2.300; 95% CI, 1.209-4.374; P=0.011) were significantly associated with ACS.
Conclusion: Age, the quantum of smoking, diastolic blood pressure, squeezing chest pain, and actual sweating are use-
ful predictors for ACS diagnosis. Unlike actual sweating, patient-reported sweating is not significantly related to the diag-
nosis of ACS. The results of this study will be beneficial in predicting ACS to ensure early and emergency medical care in
the pre-hospital setting.
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INTRODUCTION

Every year, millions of patients visit the emergency

department (ED) for acute chest pain and about 10% of them

are diagnosed with acute coronary syndrome (ACS), such as

ST-segment elevation myocardial infarction (STEMI), non-

STEMI (NSTEMI), and unstable angina (UA).1 Appropriate

treatment of these ACS patients is associated with survival,

and it is essential to recognize this early and visit the hospital

immediately for proper evaluation.2 However, the causes of

chest pain are diverse and it is not easy to diagnose ACS

merely by observation of symptoms.

Cardiogenic chest pain is judged by location, pain pat-

tern, duration, and changes in symptoms due to any fac-

tor.3 Accompanying symptoms such as radiating pain,

dyspnea, syncope, nausea, and sweating are known to

help diagnose ACS in patients.1 These clinical symptoms

cannot be easily judged by observation of the patient’s

expressions; especially in cases where the patient experi-

ences sweating. Sweating can differ in form for each

patient, varying from mild to severe; severe sweating can

result in drenching of patient’s clothes with sweat.

Sweat is known to be a useful factor in diagnosing

ACS in patients with chest pain and has a significant

meaning.4,5 However, in a previous study, only the pres-



ence or absence of sweat confirmed by the patient was

used as a criterion for diagnosis; the degree of sweat was

not analyzed separately. Therefore, in this study, we

used the degree of sweat and other physical examination

parameters for diagnosis of ACS in patients who visited

the ED with chest pain.

METHODS

This observational, retrospective, registry-based study

included all adult patients with chest pain (aged >18

years) who visited the ED of a tertiary hospital from

May 2020 to November 2020. The Institutional Review

Board of Keimyung University Dongsan Hospital (no.

2021-03-050) approved the study protocol and waived

the requirement for prior consent for this retrospective

study. Only patients who visited the ED and underwent

coronary computed tomography angiography (CCTA) or

coronary angiography (CAG) were included in the study.

These limited enrollments were done for objective judg-

ment of ACS, as the diagnosis of angina is based on the

clinical opinion of various symptoms. The exclusion cri-

teria for the study were as follows: (1) patients whose

pain patterns were not recorded on the chart; (2) those

who denied any further investigation; (3) those who were

difficult to express clearly due to underlying disease; (4)

those who had a prior do-not-resuscitate declaration; (5)

those transferred from other hospitals after diagnosis;

and (6) those with traumatic chest pain (Fig. 1).

For all patients who visited the ED with chest pain, a

record was maintained on an electronic medical chart

according to the registry form, by a physician. Data were

collected for patients’ demographics and clinical charac-

teristics, such as age, sex, height, weight, smoking, alco-

holism, previous illness disease, and vital signs. We

investigated the occurrence of sweat and graded sweat

into three categories: (1) only feeling sweating; the

patients only feel like they are sweating, but sweat is not

actually visible to the medical staff, their family, or the
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Capsule Summary

What is already known in the previous study

Many factors are known to be predictors of acute coro-

nary syndrome (ACS). Of these, sweat is considered an

essential predictor. However, the definition of sweat

related to ACS was unclear, and there was no grade dis-

tinction by severity.

What is new in the current study

Actual sweating, including facial and drenching sweat,

was observed to be meaningful in predicting ACS

patients. However, merely verbal complaints of sweat

by the patients did not correlate with ACS.

Fig. 1. Flow chart of the study patients. STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment ele-
vation myocardial infarction; UA, unstable angina; CCTA, computed tomography angiography; CAG, coronary
angiography.
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patients; (2) facial sweating; the sweat flows only on the

face, not enough for underwear to become wet, and (3)

drench sweating; the sweat wets all of the patient’s

clothes. We collected other information on chest pain

features, such as chest pain pattern, duration, radiation to

other parts of the body, sudden onset, dyspnea, syncope,

palpitation, nausea, vomiting, and exercise-induced

exacerbations.

Stable angina was diagnosed as typical substernal

chest discomfort induced by exercise or stress and

relieved by nitroglycerin (NTG) or resting.6 UA was

diagnosed in patients with angina who had resting onset

chest pain, pain duration >20 minutes, non-responsive-

ness to NTG, or worsening pain pattern.7 STEMI was

defined as typical chest pain with sustained ST elevation

and subsequent abnormal elevation of cardiac biomark-

ers.8 NSTEMI was defined as cardiac enzyme elevation

in the context of UA with absence of electrocardiogra-

phy criteria for STEMI.9 ACS such as UA, NSTEMI,

and STEMI were diagnosed by board-certified cardiolo-

gists on duty based on the above definitions and CCTA

and CAG results.10

Continuous variables were reported as mean±stan-

dard deviation or median and interquartile range (IQR),

with parametric data compared using Student’s t-tests

and non-parametric data using the Mann-Whitney U test.

Categorical variables were reported as numbers (percent-

age) and compared using the chi-square test with Yates

correction or the Fisher exact test, as warranted. Variables

with statistical significance were tested using binary

logistic regression analysis, and odds ratios (OR) and

95% confidence intervals (CI) were calculated. All sta-

tistical analyses were performed using SPSS ver. 25

(IBM Corp., Armonk, NY, USA), with a two-sided P-

value <0.05, considered statistically significant.

RESULTS

During the study period, 399 patients visited the ED

Table 1. Demographic and clinical characteristics of the chest pain patients

Total (n=230) ACS (n=94) Non-ACS (n=136) P-value

Age (yr) 062 (55-72) 064 (58-73) 062 (52-71) 0.006
Male sex 150 (65.2)0 64 (68.1) 86 (63.2) 0.269
BMI (m/kg2) 024 (22-26) 024 (22-26) 024 (22-26) 0.494
Amount of smoking (PY) 10 (0-26) 15 (0-30) 05 (0-21) 0.031
Smoking status 0.050

Smoker 53 (24.7) 28 (31.8) 25 (19.7)
Stopped smoker 75 (34.9) 28 (31.8) 47 (37)0.
Non-smoker 87 (40.5) 32 (36.4) 55 (43.3)

Alcohol drinker 87 (40.5) 38 (43.2) 49 (38.6) 0.296
Previous illness

Hypertension 119 (51.7)0 52 (55.3) 67 (49.3) 0.221
Diabetes mellitus 67 (29.1) 31 (33.0) 36 (26.5) 0.301
Hyperlipidemia 44 (19.1) 20 (21.3) 24 (17.6) 0.179
Previous CVA 21 (9.1)0 12 (12.8) 9 (6.6) 0.088
Chronic heart failure 21 (9.1)0 10 (10.6) 11 (8.1)0 0.332
CKD 13 (5.7)0 7 (7.4) 6 (4.4) 0.243
Prior CAD 62 (27.0) 26 (27.7) 36 (26.5) 0.479

Vital sign
SBP (mmHg) 00140 (120-160) 00140 (120-160) 00138 (120-158) 0.414
DBP (mmHg) 083 (70-90) 090 (74-90) 080 (70-90) 0.029
Pulse rate (heart rate/min) 081 (70-91) 080 (70-89) 082 (70-93) 0.289
Body temperature (�C) 00.36.6 (36.4-36.9) 00.36.6 (36.3-36.8) 036.7 (36.4-37) 0.440
O2 saturation 098 (98-99) 098 (98-99) 098 (98-99) 0.446

Heart failure 43 (18.7) 22 (23.4) 21 (15.4) 0.093
Shock state 12 (5.2)0 5 (5.3) 7 (5.1) 0.589

ACS, acute coronary syndrome; BMI, body mass index; PY, pack-years; CVA, cerebrovascular accident; CKD, chronic kid-
ney disease; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure



with chief complaint of chest pain. With the exception of

169 patients based on exclusion criteria, 230 patients

were analyzed, including 150 men (65.2%) and 80

women (34.8%) with a median age of 62 years (range,

22-90 years). Of the 230 patients, 35 were STEMI patients,

37 were NSTEMI patients, and 22 were UA patients, for a

total of 94 (40.9%) ACS patients. CAG and CCTA results

in ACS patients showed that 12 (5.2%) had three vessels

occlusion, 27 (11.7%) had two vessels occlusion, 47

(20.4%) had one vessel occlusion, and eight (3.5%) had no

vessel occlusion. No significant differences were observed

between ACS and non-ACS patients in height, weight,

body mass index, or underlying disease. Alcohol consump-

tion was not significantly different between the two groups,

but smoking history was higher in patients with ACS (15

pack-years [PY] vs. 5 PY, P=0.031). No significant differ-

ence was observed in the early vital signs of the two groups

on visiting the ED, except that the ACS patients had slightly

higher diastolic blood pressure (90 mmHg vs. 80 mmHg,

P=0.029) (Table 1).

The duration of chest pain, acute onset of pain, NTG

response, dyspnea, syncope, palpitation, nausea, and vom-

iting were not significantly different between the ACS and

non-ACS groups. The chest pain pattern showed a differ-
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Table 2. Symptoms of the chest pain patients

Total (n=230) ACS (n=94) Non-ACS (n=136) P-value

Pain pattern 0.004
Pressing 71 (30.9) 34 (36.2) 37 (27.2) 0.097
Squeezing 73 (31.7) 35 (37.2) 38 (27.9) 0.090
Burning 7 (3.0) 3 (3.2) 4 (2.9) 0.601
Stinging 26 (11.3) 9 (9.6) 17 (12.5) 0.320
Other unspecified 53 (23.0) 13 (13.8) 40 (29.4) 0.004

Pain duration 0.348
<5 min 31 (13.5) 11 (11.7) 20 (14.7)
5-30 min 43 (18.7) 18 (19.1) 25 (18.4)
30 min-3 hr 87 (37.8) 41 (17.8) 46 (20.0)
>3 hr 69 (30.0) 24 (25.5) 45 (33.1)

Sudden onset 179 (77.8)0 77 (81.9) 102 (75)00. 0.140
NTG response 37 (16.7) 17 (18.5) 20 (15.4) 0.333
Sweating 103 (44.8)0 55 (58.5) 48 (35.3) <0.001<
Sweating grade 0.003

Only feeling sweating 27 (11.7) 11 (11.7) 16 (11.8) 0.580
Facial sweating 37 (16.1) 20 (21.3) 17 (12.5) 0.056
Drench sweating 39 (17.0) 24 (25.5) 15 (11.0) 0.006

Radiating pain 86 (37.4) 43 (45.7) 43 (31.6) 0.021
Left arm 26 (11.3) 13 (13.8) 13 (9.6)0 0.213
Right arm 12 (5.2)0 7 (7.4) 5 (3.7) 0.168
Left shoulder 39 (17.0) 19 (20.2) 20 (14.7) 0.180
Right shoulder 18 (7.8)0 9 (9.6) 9 (6.6) 0.282
Left neck 16 (7.0)0 5 (5.3) 11 (8.1)0 0.296
Right neck 10 (4.3)0 3 (3.2) 7 (5.1) 0.357
Left jaw 4 (1.7) 4 (4.3) 0 0.027
Right jaw 4 (1.7) 4 (4.3) 0 0.027
Back 22 (9.6)0 12 (12.8) 10 (7.4)0 0.127
Lower back 2 (0.9) 1 (1.1) 1 (0.7) 0.651

Dyspnea 99 (43.0) 39 (41.5) 60 (44.1) 0.398
Syncope 6 (2.6) 2 (2.1) 4 (2.9) 0.526
Palpitation 12 (5.2)0 3 (3.2) 9 (6.6) 0.201
Nausea 42 (18.3) 22 (23.4) 20 (14.7) 0.067
Vomiting 13 (5.7)0 7 (7.4) 6 (4.4) 0.243
Exacerbation by exercise 27 (11.7) 16 (17.0) 11 (8.1)0 0.032

ACS, acute coronary syndrome; NTG, nitroglycerin.
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ence between the two groups, with compression and

squeezing pain being observed more often in the ACS

group and nonspecific chest pain observed in the non-ACS

group (P=0.004). Exacerbation of chest pain from exercise

was higher in the ACS group (17% vs. 8.1%, P=0.032).

Radiating pain was more common in the ACS group

(45.7% vs. 31.6%, P=0.021). Sweat was more pronounced

in the ACS patients group (58.5% vs. 35.3%, P<0.001), but

the only feeling of sweating, when divided into groups,

was not different between the two groups (11.7% vs.

11.8%, P=0.580). Facial (21.3% vs. 12.5%, P=0.056) and

drench sweating (25.5% vs. 11.0%, P=0.006) were more

frequent in the ACS patient group (Table 2).

Table 3 shows the univariate regression analysis of

sweating grade affecting ACS, including facial (OR,

2.624; 95% CI, 1.241-5.549; P=0.012) and drench sweat-

ing (OR, 3.346; 95% CI, 1.602-6.991; P=0.001). These

facial and drench sweat groups were classified as acutual

sweating. To confirm the factors affecting the diagnosis

of ACS the following variables were adjusted and ana-

lyzed using a multivariable logistic regression analysis:

age, sex, amount of smoking, diastolic blood pressure,

cerebrovascular accident, chest pain pattern such as

pressing, squeezing, and other unspecified, radiating

pain, nausea, exacerbation by exercise, and actual sweat-

ing. Age (OR, 1.043; 95% CI, 1.016-1.071; P=0.002),

Table 3. Univariate regression analysis of sweating affecting ACS

Odds ratio 95% Confidence interval P-value

Non-sweating Reference
Only feeling sweating 1.534 0.652-3.608 0.327
Facial sweating 2.624 01.24-5.549 0.012
Drench sweating 3.346 1.602-6.991 0.001

ACS, acute coronary syndrome.

Table 4. Multivariate regression analysis of factors affecting ACS

Odds ratio 95% Confidence interval P-value

Age 1.043 1.016-1.071 0.002
Smoking amount (PY) 1.023 1.005-1.041 0.010
Diastolic blood pressure 1.028 1.007-1.049 0.009
Squeezing chest pain 2.128 1.000-4.531 0.050
Actual sweating group 2.300 1.209-4.374 0.011

ACS, acute coronary syndrome; PY, pack years.

Table 5. Diagnosis of the non-acute coronary syndrome patients

Diagnosis
Total Actual sweating Non-actual sweating

P-value(n=136) (n=32) (n=104)

Stable angina 53 (39.0) 14 (43.8) 39 (37.5) 0.394
Others

Arrythmia 10 (7.4)0 2 (6.3) 8 (7.7) 0.546
Aortic dissection 3 (2.2) 3 (9.4) 0 0.013
CHF 9 (6.6) 3 (9.4) 6 (5.8) 0.378
Lung disease 7 (5.1) 0 7 (6.7) 0.136
GI disease 13 (9.6)0 3 (9.4) 10 (9.6)0 0.390
HB disease 3 (2.2) 0 3 (2.9) 0.431
MSK disease 10 (7.4)0 1 (3.1) 9 (8.7) 0.250
PSY disease 10 (7.4)0 04 (12.5) 6 (5.8) 0.200
Nonspecific 18 (13.2) 2 (6.3) 16 (15.4) 0.133

Values are presented as number (%).
CHF, congestive heart failure; GI, gastrointestinal; HB, hepatobiliary; MSK, musculoskeletal; PSY, psychological.



smoking amount (OR, 1.023; 95% CI, 1.005-1.041;

P=0.010), diastolic blood pressure (OR, 1.028; 95% CI,

1.004-1.049; P=0.009), squeezing chest pain (OR, 2.128;

95% CI, 1.000-4.531; P=0.050), and actual sweating

(OR, 2.300; 95% CI, 1.209-4.374; P=0.011) were all sig-

nificantly associated with ACS (Table 4).

The non-ACS patients who complained of chest pain

included those with stable angina, arrhythmia, aortic dis-

section, congestive heart failure, lung disease such as

pneumonia and cancer, gastrointestinal disease such as

gastroesophageal reflux disease and gastritis, hepatobil-

iary disease such as cholecystitis and cholangitis, muscu-

loskeletal disease, psychological disease, and other non-

specific diseases. In non-ACS patients, actual sweating

was significant only in the patients with aortic dissection

(9.4% vs. 0%, P=0.013) (Table 5).

DISCUSSION

We studied physical examination findings that could

predict ACS and sought to clarify the degree of sweat

that was particularly meaningful. It was revealed that

age, smoking amount, diastolic blood pressure, squeez-

ing chest pain, and sweating might be useful as predic-

tive factors for ACS diagnosis. Sweating as expressed

orally by the patient was not an indicator of ACS; how-

ever, sweat that actually flowed down the face or result-

ed in whole body drenching helped in diagnosis of ACS.

Sweat generates heat loss through evaporation and

functions to maintain a normal body temperature of

approximately 37�C.11 Elevated core body temperature

activates the hypothalamic warm-sensitive neurons,

which in turn activates the synapse on preganglionic

sympathetic neurons that descend along the thoracic

spinal cord.12 These reactions are released to the segmen-

tal pathway from the intermediolateral cell column and

transmitted to the post-ganglionic non-myelinated C-

fibers that pass through the gray ramus, which bind to

the peripheral nerves and are transmitted to the skin

where they innervate the cholinergic sweat glands.12 In

addition to these thermoregulatory neural mechanisms,

non-thermoregulatory sweat is known to be triggered by

exercise, baroreceptors, and body fluid status.12 The

mechanism of cardiogenic chest pain has been studied

for centuries. However, as with other visceral pain syn-

dromes, it is unclear how pain signals are generated and

transmitted by the visceral nerves.13 With the develop-

ment of physiological studies, activation of the central

nervous system (CNS) region in myocardial ischemia

was found to play a major role in pain.14 The response of

the CNS stimulates the sympathetic nerves, and one of

the resulting responses is sweat.15

Various studies have been conducted to predict ACS in

patients with chest pain. The heart score was classified

by early prediction of the risk of chest pain by five argu-

ments consisting of history, age, electrocardiogram, risk

factor, and troponin.16 For the HEART score, typical

chest pain symptoms were central or left chest pain with

radiation to the arms or neck, sweating, or clamminess.16

The recently developed Emergency Department Assessment

of Chest Pain Score (EDACS) is a predictive score for

patients with ACS chest pain who visit the ED.17 The

score contains four factors: age, sex, risk factors, and

symptoms.17 Symptoms associated with the diagnosis of

ACS include: diaphoresis and pain radiating to the arms

or shoulders.17 According to a previous study, in ACS-

related chest pain, sweat was an important factor that

could be useful in diagnosis, however, no clear definition

or classification was provided. As a result, the physician

differentiated the presence or absence of sweat based on

the patient’s response only. However, in this study, we

found that actual sweating was meaningful; the more

severe the sweating was, the more useful it was in diag-

nosing ACS.

Older patients are known to account for a large propor-

tion of patients with ACS.18 The EDACS evaluated that

the risk of ACS increased from 46 years and above. The

risk of ACS was found to increase with increasing age.17

It is a well-known fact that smoking is a risk factor for

cardiovascular problems.19 It was found that not only

with the presence or absence of smoking but also as the

amount of smoking increased, the incidence of ACS also

increased.20 High blood pressure is a risk factor for car-

diovascular disease, and ACS, in particular, is known to

require more attention and must be managed appropri-

ately.21 In this study, we confirmed that these risk factors

could also be useful in diagnosing ACS. Increasing age,

greater amount of smoking, and higher diastolic blood

pressure resulted in increased likelihood of ACS.

Chest pain can be induced by a variety of causes, and

electrocardiograms, imaging tests, blood tests, etc. are
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used for diagnosis. However, patients with chest pain

cannot use these diagnostic tools at the pre-hospital stage

or during the initial visit. Therefore, it is necessary to

evaluate whether it is an emergency based on the

patient’s symptoms. The symptom of chest pain, known

as the typical ACS symptom, is very diverse and ambigu-

ous, and it is difficult for the general public to predict its

association with ACS immediately. However, sweat is

not only a physical examination finding that anyone can

objectively and easily memorize, but it is also a signifi-

cant factor in the prediction of ACS. It should be noted

that sweat, which is associated with ACS, is defined as

the actual flow of sweat and does not include any feelings

of sweat that the patient may claim orally.

This study had several limitations. Because this study

was a single-center study with relatively few patients,

our findings require verification with additional large-

scale multicenter research. Each patient’s history was

recorded by multiple physicians, resulting in ambiguity

in the recorded observations. Lastly, as the observations

were based on patient’s oral claims, difference in indi-

vidual perspectives might have affected the results of

this study.

In conclusion, age, amount of smoking, diastolic blood

pressure, squeezing chest pain, and actual sweating are

useful predictors of ACS diagnosis. Unlike actual sweat-

ing, patient-reported sweating was not significantly relat-

ed with the diagnosis of ACS. We believe that the results

of this study will be beneficial for predicting ACS at the

pre-hospital stage or the initial medical care stage.
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