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Abstract: Objective: To assess the prognostic value of the modified early warning score (MEWS) in predicting major
adverse cardiovascular events (MACE) within one month of admission, compared to established cardiac risk scores.
Methods: This retrospective study included 565 adults with acute chest pain who visited the Emergency Department
between January 2023 and January 2024. Baseline demographics, medical history, vital signs, and clinical scores
were collected. Patients were classified based on the occurrence of MACE - defined as cardiac death, ST-segment
elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), or coronary re-
vascularization - within one month. Results: Of the 565 patients, 112 (19.8%) experienced MACE. Patients in the
MACE group had significantly higher clinical scores (all P<0.05). The MEWS score exhibited the strongest associa-
tion with MACE (rho = 0.451, P<0.001) and remained a significant predictor in multivariate logistic regression (odds
ratio = 4.416; 95% Cl, 3.006-6.488; P<0.001). MEWS demonstrated the highest discriminative ability (area under
the curve [AUC] = 0.826) compared to other scores tested. Random forest analysis confirmed MEWS as the most
important predictor of MACE. Conclusion: The MEWS score outperforms traditional cardiac risk assessment tools
in early prediction of major adverse cardiovascular events in acute chest pain patients. Its use could enhance risk
stratification and inform clinical decision-making in emergency settings.

Keywords: Acute chest pain, modified early warning score, major adverse cardiovascular events, risk stratification,
emergency department, prognostic scores

Introduction hospitalizations, and optimizing resource utili-
zation [2].
Acute chest pain is a common and challenging

complaint in the Emergency Department (ED), Current tools for risk assessment in acute

accounting for approximately 5% to 10% of
emergency visits. Many of these patients may
be facing life-threatening conditions such as
acute coronary syndromes (ACS), pulmonary
embolism, aortic dissection, among others [1].
While most chest pain cases are eventually
found to be benign, timely and accurate risk
stratification is essential for identifying high-
risk patients, ensuring they receive appropriate
urgent interventions, avoiding unnecessary

chest pain include widely used scoring systems
such as the history, electrocardiogram (ECG),
age, risk factors, and troponin (HEART) score,
the global registry of acute coronary events
(GRACE) score, and the thrombolysis in myocar-
dial infarction (TIMI) score [3, 4]. These scor-
ing systems integrate history, clinical signs,
electrocardiographic changes, and cardiac bio-
markers to estimate the risk of short-term and
long-term adverse cardiovascular outcomes
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[5]. However, these tools rely on detailed histo-
ry-taking, laboratory results, and imaging stud-
ies, which can delay initial assessment and
treatment decisions, especially in resource-
limited or overcrowded EDs [6].

The Modified Early Warning Score (MEWS) is a
simple composite scoring system based on
vital signs (temperature, heart rate, systolic
blood pressure, respiratory rate, and level of
consciousness). It does not depend on medical
history, laboratory results, or imaging studies
[7]. Originally designed to detect early clinical
deterioration in hospitalized patients, MEWS
alerts healthcare providers to impending
physiological decompensation, triggering time-
ly escalation of care [8]. Unlike disease-speci-
fic scores, MEWS reflects the patient’s overall
physiological vulnerability, capturing distur-
bances caused by various acute insults, such
as infections, hypovolemia, cardiac instability,
and respiratory insufficiency [9]. Its simplicity
and immediate availability make MEWS partic-
ularly well-suited for resource-limited settings
and busy EDs.

Recent studies have shown that MEWS s
effective not only in general hospital popula-
tions but also in predicting adverse outcomes
across various acute medical and surgical con-
ditions, including sepsis and trauma [10, 11].
However, data on the role of MEWS in acute
chest pain, particularly in predicting major
adverse cardiovascular events (MACE) - includ-
ing myocardial infarction, the need for coron-
ary revascularization, or cardiovascular death -
remain limited. Additionally, its predictive per-
formance compared to other established cardi-
ac-specific risk scores in this clinical setting
has not been fully elucidated [12]. This high-
lights the need for further investigation into
MEWS'’s utility in acute chest pain, especially
concerning its effectiveness in predicting MACE
and its comparative performance against exist-
ing risk stratification tools.

Given the urgent need for a rapid and widely
applicable risk stratification tool in the triage of
acute chest pain, evaluating MEWS in this high-
risk patient group is both timely and clinically
relevant. This study aims to explore the rela-
tionship between MEWS scores and disease
risk stratification in acute chest pain patients,
assessing its predictive value for adverse car-
diovascular events. By comparing MEWS with
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established cardiac risk scores, this study will
clarify the relative performance of a physiology-
based, readily accessible scoring system and
provide insights into strategies for the early
identification and management of high-risk
acute cardiac event patients. We aim to dem-
onstrate that MEWS is an effective and user-
friendly risk stratification tool, crucial for early
management and risk assessment in acute
chest pain patients. The unique advantage of
MEWS lies in its simplicity and immediate avail-
ability, enabling swift application during busy
periods in the ED and in resource-limited set-
tings, thereby enhancing the quality and effi-
ciency of clinical decision-making, improving
patient outcomes.

Materials and methods
Case selection

This retrospective case-control study included
565 patients with acute chest pain who visited
the ED of the People’s Hospital of Pingshan
Shenzhen between January 2023 and January
2024. Patients were identified through a sys-
tematic search of the hospital’s electronic med-
ical record (EMR) system using keywords such
as “acute chest pain”, “emergency visit”, and
“admission”.

Inclusion criteria: (1) Age >18 years and <90
years; (2) Symptoms occurred within the past
24 hours and the patient was diagnosed with
acute chest pain, including compression, stab-
bing pain, dullness, burning, or tightness [13];
(3) First occurrence of acute chest pain, lasting
more than 30 minutes; (4) Suspected by the
attending physician of ACS; (5) Elevated levels
of myocardial injury markers (troponin, creatine
kinase isoenzyme); (6) Complete case records.

Exclusion criteria: (1) Chest pain related to
other clear causes (e.g., emphysema, trauma
history, gastroesophageal reflux disease, pneu-
monia, rheumatic heart disease, aortic dissec-
tion, or cancer); (2) Patients whose vital signs
were absent upon admission; (3) Patients with
missing clinical scoring data; (4) Mental illness
patients who are unable to cooperate with
research.

Demographic information, medical history, vital
signs, and other relevant data were collected
through the case system. All procedures involv-
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Figure 1. Research and Design Flowchart. Note: MACE: Major Adverse Cardiovascular Events; MEWS: Modified Early
Warning Score; HEART: History, ECG, Age, Risk factors, and Troponin; GRACE: Global Registry of Acute Coronary

Events; TIMI: Thrombolysis in Myocardial Infarction.

ing human participants followed the ethical
guidelines of the Helsinki Declaration. This
study was approved by the Ethics Review
Committee of the People’s Hospital of Ping-
shan Shenzhen. Given its retrospective design
and use of anonymized patient data, the
requirement for informed consent was waived
according to relevant regulations (Figure 1).

Grouping criteria

MACE are defined as cardiac death, STEMI,
NSTEMI, or coronary revascularization proce-
dures. Coronary revascularization includes per-
cutaneous coronary intervention (PCI) and cor-
onary artery bypass grafting (CABG). Based on
the occurrence of MACE within one month
after admission, patients were divided into two
groups: the No MACE group (n = 453) and the
MACE group (n = 112). Patients who did not
experience any adverse cardiovascular events
within one month after admission were
assigned to the No MACE group, while patients
who experienced one or more MACE events
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within one month were assigned to the MACE
group.

Data collection

Primary index and secondary indexes: The
primary index is the MEWS score, while second-
ary indexes include the HEART score, GRACE
score, TIMI score, and their respective risk
stratifications, as well as the Killip classifica-
tion. Vital signs data recorded during the first
admission were used to calculate the MEWS
score, HEART score, GRACE score, TIMI score,
and their respective risk stratifications. The
patient’s Killip classification was determined by
the ED physician at the time of admission.

Baseline data collection: Data extraction was
performed by one independent reviewer using
a standardized form to ensure consistency and
accuracy. All data were cross-verified with the
original EMR entries. The collected general
information included a medical history ques-
tionnaire (covering conditions such as hyper-
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tension, diabetes, coronary heart disease,
etc.) and demographic details (age, gender).
Baseline vital signs upon admission (including
fasting blood glucose, blood pressure, pulse
rate, blood oxygen saturation, and respiratory
rate) were also recorded.

MEWS: The MEWS score is used to assess the
severity of a patient’s condition. It consists of
five physiological indicators: body temperature,
systolic blood pressure, heart rate, respiratory
rate, and level of consciousness (AVPU) [14].
Each parameter is assigned a score from O
to 3 based on its deviation from the normal
range, with higher scores indicating more
severe clinical concern. Specifically, systolic
blood pressure scores range from 3 for pres-
sures below 70 mmHg or above 200 mmHg, to
O for pressures between 101-199 mmHg.
Heart rate scoring ranges from 2 for rates
below 40 bpm or above 130 bpm, to O for rat-
es between 51-100 bpm. Respiratory rate
receives a score of O for normal values be-
tween 9-14 breaths per minute, while tempera-
tures below 35°C or above 38.5°C are flagged
with a score of 2. Finally, consciousness level is
scored from alert (0) to unresponsive (3). The
total MEWS score is the sum of the individual
parameter scores, with a higher total indicating
a more severe condition. Scores of 0-1 indicate
low risk, 2-3 indicate moderate risk, and >4
indicates high risk. The MEWS tool had a
Cronbach’s alpha of 0.826 [15].

HEART: The HEART score includes five vari-
ables: patient history, electrocardiogram (ECG)
findings, age, risk factors, and troponin levels.
Each variable is assigned a score of O to 2
points, resulting in a maximum total of 10
points. A cumulative score of 0-3 indicates low
risk; 4-6 points suggest moderate risk; and
7-10 points denote high risk. The history vari-
able can score up to 2 points for highly suspi-
cious symptoms; ECG abnormalities, such as
significant ST depression, score 2 points; age
over 65 years scores 2 points; the presence
of three or more risk factors or atherosclerotic
disease history scores 2 points; and troponin
levels >23x the normal limit score 2 points.

GRACE: The GRACE score is based on several
factors, including the patient’s age, heart rate,
systolic blood pressure, creatinine level, Killip
classification, and eight other variables. It is
used to assess the risk of patients with acute
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chest pain. A total score of less than 108 indi-
cates low risk; a score of 109 to 140 indicates
moderate risk; and a score of 140 or above
indicates high risk. Age scores range from O for
patients under 30 years to 100 for those aged
90 years or older. Heart rate scores range from
O for rates below 50 bpm to 46 for rates ab-
ove 200 bpm. Systolic blood pressure scores
range from 58 for pressures below 80 mmHg
to O for pressures 2200 mmHg. Creatinine lev-
els are scored from 1 for values up to 35
pmol/L to 28 for levels 2352 umol/L. Killip
class scores increase with worsening heart fail-
ure, ranging from O for class | to 59 for class IV.
Additionally, elevated cardiac biomarkers and
ST-segment deviations add 14 and 28 points,
respectively, while a history of cardiac arrest
adds 39 points.

TIMI: The TIMI score consists of seven binary
prognostic factors: age =65, >3 CAD risk fac-
tors (hypertension, hyperlipidemia, diabetes,
family history, smoking), significant coronary
artery stenosis, severe angina symptoms,
ST-segment deviation, elevated cardiac enzy-
mes, and aspirin use in the last 7 days. Each
factor scores 1 if present and O if absent. The
total score ranges from O to 7, with O points
indicating low risk, 1-2 points indicating moder-
ate risk, and 3-7 points indicating high risk.

Killip grading: Killip grading is used to classify
the severity of heart failure in patients with
acute myocardial infarction, with mortality
rates of 17.7% (Class 1), 27.3% (Class Il), 30.4%
(Class lll), and 48.8% (Class V). At admission,
the attending physician in the ED determines
the Killip classification. Specifically, Killip
Class | indicates no evidence of heart failure;
Class Il indicates mild heart failure with rales
involving up to one-third of the posterior lung
fields and a systolic blood pressure 290 mm
Hg; Class lll indicates pulmonary edema with
rales affecting more than one-third of the pos-
terior lung fields and a systolic blood pressure
>90 mm Hg; and Class IV indicates cardiogenic
shock with any rales and a systolic blood pres-
sure <90 mm Hg [16].

Outcome measures

The primary outcome measure of this study
was the occurrence of MACE within one month
after admission. Secondary outcomes included
the association between the MEWS score and
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disease risk stratification, as well as correla-
tions with other clinical scores (HEART, GRACE,
TIMI).

Statistical methods

The sample size for this study was calculated
using G*Power software, assuming a medium
effect size (d = 0.5) and a two-tailed signifi-
cance level (@ = 0.05). A minimum of 88
patients per group were required to reject the
null hypothesis of equal means with 95% statis-
tical power when using a two-sided, two-sam-
ple t-test with equal variances. Data analysis
was performed using SPSS 29.0 statistical
software (SPSS Inc., Chicago, lllinois, USA).
Categorical data were expressed as [n (%)] and
analyzed with the chi-square test. For continu-
ous data with a normal distribution, results
were expressed as (X + sd) and compared using
a ttest. Pearson correlation analysis was
applied to continuous variables, and Spearman
correlation analysis was used for categorical
variables. Logistic regression analyses, both
univariate and multivariate, were performed to
evaluate the association between the MEWS
score and disease risk stratification, as well
as adverse cardiovascular events. Univariate
logistic regression was used to evaluate the
independent effects of MEWS, HEART, GRACE,
TIMI, and Killip Class on adverse cardiovascu-
lar events. Variables showing statistical signifi-
cance in univariate analysis were included in a
multivariate logistic regression model to adjust
for potential confounding factors and identify
independent predictors of treatment response.
The results of logistic regression analysis were
expressed as odds ratios (OR) with 95% confi-
dence intervals (Cl) and corresponding p-val-
ues. The AUC values were calculated and com-
pared using the Delong test. A p-value <0.05
was considered statistically significant.

Results
Comparison of general information

No significant differences were found between
the No MACE and MACE groups in age, sex dis-
tribution, BMI, or most comorbid conditions,
including ischemic heart disease, diabetes,
hypertension, chronic renal failure, congestive
heart failure, respiratory disease, myocardial
infarction, previous PCI, or CABG (all P> 0.05,
Table 1). Employment status, marital status,
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current residence, and smoking and drinking
patterns were also similar between the two
groups (all P>0.05). However, dyslipidemia was
significantly less frequent in the MACE group
compared to the No MACE group (P = 0.019).
These results suggest that baseline demo-
graphic and clinical characteristics were com-
parable, except for dyslipidemia.

Comparison of clinical characteristics

Patients in the MACE group had significantly
higher body temperatures and respiratory rat-
es compared to the No MACE group (both
P<0.05, Table 2). No significant differences
were found in pulse rate, blood pressure, or
oxygen saturation at admission (all P>0.05).
The use of medications, including aspirin,
P2Y12 inhibitors, vitamin K antagonists, and
other antiplatelet or anticoagulant agents, was
comparable between the groups (all P>0.05).

Comparison of various scores

The MACE group had significantly higher mean
MEWS, HEART, GRACE, and TIMI scores com-
pared to the No MACE group (all P<0.05, Tables
3-6). The proportion of MACE patients classi-
fied as high risk by GRACE and TIMI scores
was also significantly higher (both P<0.05).
However, there were no significant differences
in HEART risk stratification between the groups
(P>0.05). Killip class IV was more frequent in
the MACE group, while other Killip classes
showed no significant differences between
groups (all P<0.05, Figure 2).

Correlation analysis between MEWS score and
disease risk stratification

Correlation analysis showed that the MEWS
score was strongly positively associated with
disease risk stratification (rho = 0.889, P<
0.001), indicating that higher MEWS scores
correlated with higher levels of risk (Figure 3).

Correlation analysis between various scores
and MACE in acute chest pain patients

The MEWS score showed the strongest posi-
tive correlation with MACE occurrence (rho =
0.451, P<0.001), followed by MEWS disease
risk stratification (rho = 0.324, P<0.001).
Modest positive correlations were also ob-
served between MACE and higher respiratory
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Table 1. Comparison of general information between the two groups

Parameters No MACE group (n = 453) MACE group (n = 112) t/x? p
Age (years) 59.74+6.65 60.86+7.44 1.557 0.120
Male gender [n (%)] 256 (56.51%) 63 (56.25%) 0.003 0.960
BMI [kg/m?] 23.42+3.00 23.13+3.30 0.915 0.361
Medical history [n (%)]
Ischemic heart disease 174 (38.41%) 51 (45.54%) 1.902 0.168
Diabetes 82 (18.10%) 23 (20.54%) 0.352 0.553
Hypertension 258 (56.95%) 59 (52.68%) 0.666 0.414
Dyslipidemia 246 (54.30%) A7 (41.96%) 5.478 0.019
Chronic renal failure 67 (14.79%) 25 (22.32%) 3.736 0.053
Congestive heart failure 24 (5.30%) 11 (9.82%) 3.162 0.075
Respiratory disease 12 (2.65%) 1 (0.89%) 0.575 0.448
Myocardial infarction 63 (13.91%) 23 (20.54%) 3.057 0.080
PCI 94 (20.75%) 15 (13.39%) 3.122 0.077
CABG 38 (8.39%) 4 (3.57%) 3.028 0.082
Employment Status [n (%)] 0.571 0.450
Employed 286 (63.13%) 75 (66.96%)
Unemployed 167 (36.87%) 37 (33.04%)
Marital Status [n (%)] 1.880 0.170
Married 377 (83.22%) 87 (77.68%)
Divorced 76 (16.78%) 25 (22.32%)
Current Residence [n (%)] 0.371 0.543
Rural 216 (47.68%) 57 (50.89%)
Urban 237 (52.32%) 55 (49.11%)
Smoking [n (%)] 0.123 0.940
Never 90 (19.87%) 23 (20.54%)
Former 96 (21.19%) 25 (22.32%)
Current 267 (58.94%) 64 (57.14%)
Drinking [n (%)] 3.938 0.140
Never 101 (22.30%) 33 (29.46%)
Former 88 (19.43%) 25 (22.32%)
Current 264 (58.28%) 54 (48.21%)

Note: BMI: Body Mass Index; MACE: Major Adverse Cardiovascular Events; PCl: Percutaneous Coronary Intervention; CABG:

Coronary Artery Bypass Graft.

Table 2. Comparison of clinical characteristics between the two groups of patients

Parameters No MACE group (n =453) MACE group (n = 112) t/x? P
Temperature (°C) 36.32+0.59 36.48+0.67 2.492 0.013
Pulse rate (beats/minute) 79.45+17.42 81.35+15.22 1.055 0.292
Respiratory rate (breaths/minute) 19.45+3.56 20.68+5.67 2.187 0.030
Systolic BP (mmHg) 142.67+28.57 137.61+31.65 1.639 0.102
Diastolic BP (mmHg) 70.15+15.67 67.56+£17.18 1.538 0.125
Oxygen saturation (%) 98.11+4.57 97.35+4.35 1.580 0.115
Medication at presentation [n (%)]
Aspirin 156 (34.44%) 36 (32.14%) 0.211 0.646
P2Y12-inhibitor (clopidogrel) 28 (6.18%) 7 (6.25%) 0.001 0.978
Vitamin K antagonists (coumarin) 47 (10.38%) 11 (9.82%) 0.030 0.863
Other (Dipyridamol, Ticagrelor, DOAC) 21 (4.64%) 6 (5.36%) 0.103 0.749

Note: MACE: Major Adverse Cardiovascular Events; BP: Blood Pressure;
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DOAC: Direct Oral Anticoagulant.
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Table 3. Average MEWS score between the two groups of patients

Parameters No MACE group (n = 453) MACE group (n = 112) t/x? P
MEWS (score) 2.02+0.87 3.42+1.18 11.801 <0.001
MEWS disease risk stratification [n (%)] 65.249 <0.001

low risk 210 (46.36%) 17 (33.04%)

moderate risk 179 (39.51%) 44 (39.29%)

high risk 64 (14.13%) 51 (27.68%)

Note: MEWS: Modified Early Warning Score; MACE: Major Adverse Cardiovascular Events.

Table 4. Average HEART score between the two groups of patients

Parameters No MACE group (n = 453) MACE group (n = 112) t/x? P
HEART (score) 3.14+1.24 3.55+1.17 3.201 0.001
HEART disease risk stratification [n (%)] 2.075 0.354
low risk 204 (45.03%) 42 (37.5%)
moderate risk 175 (38.63%) 49 (43.75%)
high risk 74 (16.34%) 21 (18.75%)
Note: HEART: History, ECG, Age, Risk factors, and Troponin; MACE: Major Adverse Cardiovascular Events.
Table 5. Average GRACE score between the two groups of patients
Parameters No MACE group (n = 453) MACE group (n = 112) t/x? p
GRACE (score) 107.63+33.35 116.78+37.26 2.540 0.011
GRACE disease risk stratification [n (%)] 6.616 0.037
low risk 201 (44.37%) 41 (36.61%)
moderate risk 151 (33.33%) 33(29.46%)
high risk 101 (22.3%) 38 (33.93%)
Note: GRACE: Global Registry of Acute Coronary Events; MACE: Major Adverse Cardiovascular Events.
Table 6. Average TIMI score between the two groups of patients
Parameters No MACE group (n = 453) MACE group (n = 112) t/x? p
TIMI (score) 1.74+0.78 2.02+0.82 3.371 <0.001
TIMI disease risk stratification [n (%)] 11.360 0.003
low risk 177 (39.07%) 34 (30.36%)
moderate risk 192 (42.38%) 41 (36.61%)
high risk 84 (18.54%) 37 (33.04%)

Note: TIMI: Thrombolysis in Myocardial Infarction; MACE: Major Adverse Cardiovascular Events.

rate, temperature, HEART, GRACE, TIMI scores,
and Killip class IV (all P<0.05) (Table 7).
Additionally, dyslipidemia showed a weak nega-
tive correlation with MACE (rho = -0.098, P =
0.019).

Feature selection via LASSO regression for
prognostic modeling

LASSO regression was used for variable selec-
tion. Figure 4 illustrates the coefficient path of
the MEWS score as a function of the L1 norm
(Figure 4A). This visualization provides in-
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sight into how the coefficients of the MEWS
score change with varying levels of regulariza-
tion. The optimal lambda value was determined
through cross-validation (Figure 4B), aiming to
minimize the mean squared error and select
non-zero coefficient predictors.

Regression analysis of MACE in acute chest
pain patients

Univariate logistic regression identified MEWS
score, MEWS disease risk stratification, HEART,
GRACE, TIMI scores, and Killip class IV as sig-
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Figure 2. Killip class between the two groups of patients. Note: MACE: Major
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ROC curve analysis of key
indicators

ROC curve analysis showed
that the MEWS score had the
highest discriminative ability
for predicting MACE among

Group acute chest pain patients (Fi-
0 No mACE gure 5). The AUC for HEART,
B wvace GRACE, and TIMI scores was

notably lower.

The predictive role of MEWS
score

Random forest analysis con-
firmed that the MEWS score
was the most important pre-
dictor of MACE (Figure 6).
These findings highlight that
the MEWS score provides
superior sensitivity and speci-
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Discussion
The findings of this study high-

light the clinical value of the
MEWS in the initial risk
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Figure 3. Correlation analysis between MEWS score and disease risk strati-

fication. Note: MEWS: Modified Early Warning Score.

nificant predictors of MACE (all P<0.05) (Table
8). Multivariate logistic regression revealed
that only the MEWS score remained an inde-
pendent predictor of MACE (OR = 4.416; 95%
Cl, 3.006-6.488; P<0.001), while associations
observed for other variables, including MEWS
disease risk stratification, HEART, GRACE, and
TIMI scores, dyslipidemia, temperature, respi-
ratory rate, and Killip class IV, were no longer
statistically significant (all P>0.05).
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20 assessment of patients with
acute chest pain and its pre-
dictive role for MACE. In mod-
ern emergency and cardiology
practice, rapid, accurate risk
prediction tools that synthe-
size vital physiological parameters are essen-
tial for guiding management decisions and
improving patient outcomes [17]. While estab-
lished cardiac risk scores such as HEART,
GRACE, and TIMI incorporate patient history,
biomarkers, and electrocardiographic parame-
ters, MEWS uniquely relies on immediate, basic
clinical data - vital signs and observations -
which may explain its particular utility in high-
acuity settings [18].
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Table 7. Correlation analysis between various scores and MACE in patients with acute chest pain

Variable Rho p

Medical history [n (%)]-Dyslipidemia -0.098 0.019
Temperature (°C) 0.101 0.016
Respiratory rate (breaths/minute) 0.115 0.006
MEWS (score) 0.451 <0.001
MEWS disease risk stratification [n (%)] 0.324 <0.001
HEART (score) 0.126 0.003
GRACE (score) 0.087 0.039
GRACE disease risk stratification [n (%)] 0.092 0.028
TIMI (score) 0.130 0.002
TIMI disease risk stratification [n (%)] 0.118 0.005
Killip class [n (%)]-IV 0.128 0.002

Note: MACE: Major Adverse Cardiovascular Events; MEWS: Modified Early Warning Score; HEART: History, ECG, Age, Risk fac-
tors, and Troponin; GRACE: Global Registry of Acute Coronary Events; TIMI: Thrombolysis in Myocardial Infarction.
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Shrinkage and Selection Operator.

Several mechanisms may explain why MEWS
outperforms more cardiac-specific risk scores.
MEWS integrates temperature, pulse rate, sys-
tolic blood pressure, respiratory rate, and level
of consciousness - parameters that not only
indicate hemodynamic instability but also
reflect the body’s overall response to acute
pathophysiological processes [19]. Acute chest
pain is a symptom with a broad differential
diagnosis, ranging from ACSs to pulmonary
embolism, aortic dissection, sepsis, and non-
cardiac causes such as metabolic and stress-
induced syndromes [20]. Many life-threatening
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conditions presenting with chest pain share a
final common pathway of systemic compro-
mise, reflected in abnormal vital signs [21].
Therefore, a scoring system like MEWS, which
is independent of etiology, may be more sensi-
tive in identifying patients at greatest risk,
regardless of specific clinical diagnoses [22].

Pathophysiologically, abnormalities in vital
signs, such as tachypnea, tachycardia, hypo-
tension, and altered mental status, represent
signs of impaired oxygen delivery, poor perfu-
sion, and metabolic stress [23]. These abnor-

Am J Transl Res 2025;17(10):7733-7748



MEWS predicts chest pain risk

Table 8. Regression analysis of MACE in acute chest pain patients

. Univariate analysis Multivariate analysis
Parameters Assignment of values
P OR 95% Cl P OR 95% Cl

Medical history [n (%)]-Dyslipidemia 0O: Yes; 1: No 0.020 0.608 0.399-0.922 0.875 0.949 0.494-1.822
Temperature (°C) actual score 0.014 1.547 1.097-2.176 0.276 1.358 0.783-2.357
Respiratory rate (breaths/minute) actual score 0.005 1.077 1.023-1.134 0.054 1.081 0.999-1.169
MEWS (score) actual score <0.001 4.244 3.229-5.734 <0.001 4.416 3.006-6.488
MEWS disease risk stratification [n (%)]  O: low risk; 1: moderate risk; 2: high risk  <0.001  3.151 2.342-4.301 0.985 3.563 0.000-7.567
HEART (score) actual score 0.002 1.310 1.112-1.571 0.083 1.262 0.970-1.642
GRACE (score) actual score 0.012 1.008 1.002-1.014 0.091 1.008 0.999-1.018
GRACE disease risk stratification [n (%)] O: low risk; 1: moderate risk; 2: high risk ~ 0.022  1.347 1.043-1.742 0.989 0.000 0.000-8.633
TIMI (score) actual score <0.001 1568 1.204-2.055 0.060 1.510 0.982-2.322
TIMI disease risk stratification [n (%)] 0: low risk; 1: moderate risk; 2: highrisk  0.004  1.506 1.144-1.988 0.990 0.000 0.000-6.744
Killip class [n (%)]-IV 0: Yes; 1: No 0.008 7.009 1.694-34.600 0.768 1.475 0.111-19.543

Note: MACE: Major Adverse Cardiovascular Events; MEWS: Modified Early Warning Score; HEART: History, ECG, Age, Risk factors, and Troponin; GRACE: Global Registry of Acute
Coronary Events; TIMI: Thrombolysis in Myocardial Infarction; OR: Odds Ratio; Cl, Confidence Interval.
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malities signal the failure of compensatory
mechanisms and impending decompensation
[24]. For instance, elevated respiratory rate
reflects respiratory and cardiovascular stress,
increased work of breathing, metabolic acido-
sis, or impaired cardiac output [25]. Tachycar-
dia and hypotension reflect sympathetic activa-
tion due to reduced stroke volume and blood
volume [25]. Temperature changes may signal
systemic inflammation or infection, worsening
the prognosis of acute cardiovascular disease
by increasing myocardial oxygen demand and
amplifying prothrombotic states [26].
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This broad sensitivity to physiological instabi-
lity may explain why MEWS more effectively
identifies patients at risk for MACE than cardi-
ac-specific scores that prioritize electrocardio-
graphic changes, biomarkers, or coronary risk
factors - elements that, while specific to ACS,
may not fully capture the imminent risk of
concurrent non-cardiac conditions [27]. For
example, a patient with modest troponin eleva-
tion but significant hemodynamic instability
may be at greater short-term risk than a
stable patient with more pronounced biomark-
ers [27].
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Table 9. Delong test results for comparing AUCs of individual

parameters with the combined model

tion, electrolyte disturbances, or
occult bleeding are common in
patients with suspected ACSs and

Parameters AUC Prvalue (vs. i i
Combined Model) gan independently increase the
s restaese oueames T
MEWS (score) 0.826 0.133 . . g .
i ) o range of life-threatening etiologies
MEWS disease risk stratification [n (%)] 0.718 0.112 may improve triage and treatment
GRACE (score) 0.563 0.011
GRACE disease risk stratification [n (%)] 0.563 0.010 These findings d_o not diminish t.he
TIMI (score) 0.594 0.009 ‘IgaE'xeRTOfGSi%‘E"S::S Tslclvlolres h'!g‘;
TIMI disease risk stratification [n (%)] 0.580 0.007 ] . ) W :
o remain essential in predicting isch-
Killip class [n (%)]-IV 0.519 0.005

emic events, guiding invasive man-

Note: MEWS: Modified Early Warning Score; HEART: History, ECG, Age, Risk
factors, and Troponin; GRACE: Global Registry of Acute Coronary Events; TIMI:
Thrombolysis in Myocardial Infarction; AUC: Area Under the Curve.

The real-world usability of MEWS in acute care
is another key advantage. MEWS can be applied
immediately, requiring only basic vital signs
without advanced laboratory or imaging data.
In emergency settings, where timely identifica-
tion of high-risk patients is critical [28, 29],
MEWS enables rapid risk identification even
before a confirmatory diagnosis is made [30].
Its dynamic nature also allows for continuous
reassessment as the patient’s condition evol-
ves, making it particularly useful for monitoring
and detecting clinical deterioration early [31].

Furthermore, MEWS, by identifying physiologi-
cal deterioration, may prompt earlier interven-
tion and escalation of care. In other popula-
tions, such as those with sepsis or trauma,
early warning scores have been shown to acti-
vate rapid response teams, shorten the time to
critical interventions, and ultimately reduce
morbidity and mortality [32]. In the context of
acute chest pain, timely recognition of instabil-
ity can expedite decisions to initiate advanced
monitoring, transfer to intensive care, or priori-
tize emergent interventions, all contributing to
improved outcomes.

The observed dissociation between MEWS’s
predictive power and that of cardiac-specific
scores calls for reflection on the limitations of
relying solely on disease-specific indicators in
multi-morbid patient populations. Many acute
chest pain patients, especially older adults or
those with co-existing systemic diseases, pres-
ent with overlapping cardiovascular and medi-
cal complications [3, 33]. Conditions like infec-

7745

agement, and estimating long-term
cardiovascular risk. These scores
synthesize detailed clinical data
that are integral to assessing car-
diac risk. Rather, MEWS should be considered
a complementary tool, especially in the early
evaluation phase when decisions about
resource allocation and care escalation are
being made. Integrating MEWS into clinical
workflows could bridge the gap before com-
plete diagnostic data is available, serving as an
effective trigger for the use of more specialized
tools and protocols.

It is important to note that while MEWS was
independently predictive of MACE, the findings
should be interpreted with caution due to the
inherent limitations of retrospective cohort
studies. Patient population specifics, local clini-
cal pathways, and intervention thresholds may
influence both the frequency of physiological
derangements and the definition of adverse
events. Additionally, while powerful in its sim-
plicityy, MEWS lacks specificity, as elevated
scores can result from non-cardiac conditions
that may not ultimately drive cardiovascular
morbidity. Therefore, combining MEWS with
disease-specific risk scores, imaging, biomark-
ers, and careful diagnostic reasoning is
crucial.

Conclusion

In summary, the MEWS score captures acute
physiological disruption in patients with acute
chest pain and outperforms cardiac-specific
risk assessments for early identification of
MACE. By focusing on global clinical instability,
MEWS provides an efficient, sensitive, and
immediately accessible tool for rapid risk strati-
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fication. Its routine use can facilitate earlier
intervention and resource allocation in high-
risk patients, supplementing established scor-
ing systems and enhancing the safety and
quality of acute cardiovascular care. Future
research should explore MEWS'’s prospective
validation across diverse patient cohorts, its
integration with digital health and electronic
medical record systems, and its role in guiding
interventions to mitigate acute cardiac risk.
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