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CLINICAL RESEARCH                                                                                                            

Comparison of the new-Poisoning Mortality Score and the Modified 
Early Warning Score for predicting in-hospital mortality in patients 
with acute poisoning

Sijin Lee , Su Jin Kim , Kap Su Han , Juhyun Song and Sung Woo Lee 

Department of Emergency Medicine, College of Medicine, Korea University Anam Hospital, Seoul, Republic of Korea 

ABSTRACT 
Introduction: The evaluation of acute poisoning is challenging due to varied toxic substances and 
clinical presentations. The new-Poisoning Mortality Score was recently developed to assess patients 
with acute poisoning and showed good performance in predicting in-hospital mortality. The objective 
of this study is to externally validate the performance of the new-Poisoning Mortality Score and to 
compare it with the Modified Early Warning Score.
Methods: This retrospective analysis used data from the 2019–2020 Injury Surveillance Cohort, estab-
lished by the Korea Center for Disease Control and Prevention, to perform external validation of the 
new-Poisoning Mortality Score. The statistical performances of the new-Poisoning Mortality and 
Modified Early Warning Scores were assessed and compared in terms of discrimination and calibration. 
Discrimination analysis involved metrics such as sensitivity, specificity, accuracy, and the area under 
the receiver operating characteristic curve. For calibration analysis, the Hosmer-Lemeshow goodness- 
of-fit test was utilized and calibration curves for each score were generated to elucidate the relation-
ship between observed and predicted mortalities.
Results: This study analysed 16,570 patients with acute poisoning. Significant differences were 
observed between survivors and those who died in-hospital, including age, sex, and vital signs. The 
new-Poisoning Mortality Score showed better performance over the Modified Early Warning Score in 
predicting in-hospital mortality, in terms of the area under the receiver operating characteristic curve 
(0.947 versus 0.800), sensitivity (0.863 versus 0.667), specificity (0.912 versus 0.817), and accuracy 
(0.911 versus 0.814). When evaluated through calibration curves, the new-Poisoning Mortality Score 
showed better concordance between predicted and observed mortalities. In subgroup analyses, the 
score system consistently showed strong performance, excelling particularly in substances with high 
mortality indices and remaining superior in all substances as a group.
Conclusions: Our study has helped to validate the new-Poisoning Mortality Score as an effective tool 
for predicting in-hospital mortality in patients with acute poisoning in the emergency department. 
The score system demonstrated superior performance over the Modified Early Warning Score in vari-
ous metrics. Our findings suggest that the new-Poisoning Mortality Score can contribute to the 
enhancement of clinical decision-making and patient management.
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Introduction

Patients with acute poisoning can be difficult to evaluate 
due to the wide range of toxic substances and clinical pre-
sentations. Risk assessment for these patients is influenced 
by multiple factors, including patient-specific characteristics 
such as age and comorbid conditions, as well as various 
attributes of the poison exposures including the type, route, 
dosage, timing, and intentionality [1,2]. Predicting the prog-
nosis of patients with acute poisoning is further complicated 
by the lack of a standardized method for assessing the sever-
ity of poisoning. Although the Poisoning Severity Score (PSS) 
serves as a disease-specific scoring system, its application in 
toxicology remains limited and, when utilized, has often 
been either misapplied or modified from its original form [3]. 

The scoring system, due to reliance on several subjective cri-
teria and its time-consuming nature, may exhibit limited use-
fulness for specific types of poisonings, thereby restricting its 
clinical utility [3].

To address these challenges, a novel scoring system, 
termed the new-Poisoning Mortality Score, has been recently 
developed to predict mortality among patients with acute 
poisoning in the emergency department [4]. The new- 
Poisoning Mortality Score is established based on objective 
indicators that can be acquired even at the prehospital 
stage, such as demographic factors, poisoning-related varia-
bles, vital signs, and mental status. This facilitates a swift and 
reliable assessment of mortality risk, enabling early applica-
tion in clinical settings. The new-Poisoning Mortality Score 
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has demonstrated good performance in predicting in-hos-
pital mortality in patients with acute poisoning, regardless of 
the toxic substances, route of exposure, age, or sex [4].

Nevertheless, additional validation of the new-Poisoning 
Mortality Score is essential to establish its clinical utility and 
generalizability. The objective of this study is to validate the 
performance of the new-Poisoning Mortality Score in predict-
ing in-hospital mortality among a large cohort of patients 
presenting with acute poisoning in the emergency depart-
ment. Moreover, this study aims to compare the performance 
between the new-Poisoning Mortality Score and the 
Modified Early Warning Score, an established clinical scoring 
system designed for rapid assessments in emergency set-
tings. Several studies supported the use of the Modified 
Early Warning Score as an effective bedside tool for the 
timely identification of critically ill patients who are at risk of 
rapid deterioration [5–7]. Comparing the new-Poisoning 
Mortality Score and the Modified Early Warning will yield fur-
ther insights into the clinical utility and applicability of these 
scoring systems for predicting mortality in patients with 
acute poisoning in the emergency department, thereby 
informing the development of more effective clinical deci-
sion-making tools for this patient population.

Methods

Study design and selection of study patients

This retrospective analysis utilized data collected between 
2019 and 2020 from the Injury Surveillance Cohort, a pro-
spective registry established by the Korea Center for Disease 
Control and Prevention. In this registry, patients are classified 
based on their mechanism of injury. Specifically, for those 
presenting with poisoning, additional in-depth investigations 
were conducted to gather poison-related factors. This 
detailed information enabled us to accurately identify and 
select patients with acute poisoning. Baseline characteristics, 
including demographics, poisoning-related factors, and initial 
vital signs obtained in the emergency department, were 
gathered for the selected population. Refer to “Data analysis 
and the new-Poisoning Mortality Score” for further details. 
Outcome data, like mortality in the emergency department 
or post-hospitalization, were also captured in the registry. 
Patients who were transferred out after initial emergency 
department management were excluded as their outcomes 
were uncertain. The reasons for these transfers varied, includ-
ing the unavailability of intensive care units, transfer to fol-
low-up or local hospitals, and the need for specialized 
treatments like hyperbaric oxygen therapy. Patients with 
incomplete data on poisoning-related factors or initial vital 
signs, and patients who were dead on arrival were also 
excluded.

Data analysis and the new-Poisoning Mortality Score

The new-Poisoning Mortality Score utilized various factors for 
assessment, including demographics such as age and sex, 
poisoning-related factors like intent of poisoning, route of 

exposure, and category of substances (which is categorized 
into eight categories and 44 types), and initial vital signs at 
the emergency department, including systolic blood pres-
sure, heart rate, respiration rate, body temperature, and the 
“alert, verbal, painful, unresponsive” (AVPU) scale of mental 
status. The AVPU scale is incorporated into the new- 
Poisoning Mortality Score as it is a quick and effective tool 
for assessing a patient’s level of consciousness [8]. The points 
for each variable in the new-Poisoning Mortality Score are 
calculated using multivariable logistic regression, with the 
total score ranging from 0 to 137, as presented in Appendix 
1. The Modified Early Warning Score, on the other hand, has 
a score range of 0–14 and includes variables like systolic 
blood pressure, heart rate, respiratory rate, body tempera-
ture, and the AVPU scale. Detailed descriptions of these scor-
ing systems are available in Supplementary Table 1.

In the foundational study that led to the development of 
the new-Poisoning Mortality Score [4], substances were clas-
sified based on a mortality index. This index was defined as 
the number of mortalities divided by the number of expo-
sures for each substance within the study cohort. To ensure 
consistency and clinical relevance in the validation of the 
new-Poisoning Mortality Score, we utilized this publicly 
accessible mortality index data for our analysis. In cases of 
exposure to multiple substances, the primary substance is 
selected based on the highest mortality index. If the mortal-
ity indices are the same, the substance with the largest 
ingested dose is chosen. The mortality indices of eight cate-
gories (A through H) with 44 subtypes of substances are 
detailed in Supplementary Table 2.

Validation and comparison of the new-Poisoning 
Mortality Score and the Modified Early Warning Score

The statistical performance of the new-Poisoning Mortality 
Score and the Modified Early Warning Score was evaluated 
in terms of discrimination and calibration. For discrimination, 
the new-Poisoning Mortality Score was compared to the 
Modified Early Warning Score using metrics such as sensitiv-
ity, specificity, accuracy, and area under the receiver operat-
ing characteristic curve. The optimal cutoff value was 
identified using Youden’s index, and the area under the 
receiver operating characteristic and its 95% confidence 
interval (CI) were calculated. To assess the performance of 
the new-Poisoning Mortality Score across different substance 
categories, subgroup analyses were conducted. Additionally, 
an analysis of the new-Poisoning Mortality Score was carried 
out excluding substance data to ascertain the utility of the 
model in instances where the type of substance involved 
was unclear or the main toxicant was not clear due to mixed 
exposures.

Calibration indicates the degree to which a prediction 
model accurately estimates the absolute risk; poorly 
calibrated models may either underestimate or overestimate 
the outcome of interest [9]. In our study, we utilized 
the Hosmer–Lemeshow goodness of fit test for validating the 
new-Poisoning Mortality Score due to its established role in 
assessing the calibration of logistic regression models [10]. 
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The test evaluates whether the predicted probabilities from a 
model align with the observed outcomes. The test remains 
widely recognized and accepted in clinical research, provid-
ing a familiar and reliable method for assessing the predict-
ing fit and accuracy of the model [11]. Calibration curves for 
each system were generated to elucidate the relationship 
between observed and predicted mortalities. The distribution 
of mortality risk as predicted by our model was assessed 
using kernel smoothing methods, a set of statistical techni-
ques used for smoothing data points to better understand 
underlying patterns and trends [12]. A perfectly calibrated 
model aligns with the identity line. If the curve is below 
(above) the identity line, the score overestimates (underesti-
mates) the mortality risks. The greater the deviation from the 
identity line, the more significant the miscalibration. To facili-
tate interpretation in the clinical setting, we used the 
Hosmer–Lemeshow goodness-of-fit test to create ten score 
groups of equal sizes, which were then categorized, accord-
ing to the mortality rates [4], into four risk groups: very low 
risk (<0.1%), low risk (0.1–0.9%), intermediate risk (1.0–9.9%), 
and high risk (�10.0%).

Statistical analysis

Descriptive statistics for continuous variables were presented 
as median (interquartile range [IQR]) and differences in the 
medians were assessed using the Mann–Whitney U test. 
Categorical variables are presented as counts (percent) and 
were compared using the chi-square test. Sensitivity, specifi-
city, accuracy, and area under the receiver operating charac-
teristic curve are reported with 95% CIs. A P value of less 
than 0.05 was considered statistically significant. All statistical 
analyses were performed using IBM SPSS Statistics version 
27.0 (IBM Corp., Armonk, NY, USA) and R version 4.2.3 (R 
Core Team, Boston, USA).

Results

A total of 484,260 patients were enrolled in the Korea Center 
for Disease Control and Prevention cohort of emergency 
department-based injury surveillance between January 2019 
and December 2020. Of 20,006 patients presenting with 
acute poisoning, 3,436 were excluded because of transfer 
out of the emergency department (n¼ 779), unknown out-
comes (n¼ 137) or incomplete data on poisoning-related fac-
tors or initial vital signs at the emergency department 
(n¼ 2,429) or death on arrival (n¼ 28). A total of 16,570 
patients were included in the study. There were 364 in-hos-
pital deaths (mortality rate 2.2%).

Table 1 outlines the case characteristics of the survivor 
group (n¼ 16,206) and in-hospital death group (n¼ 364). The 
median [interquartile range] age was significantly older in 
the in-hospital death group (72 [56–81] versus 41 [24–58] 
years, P< 0.001), with a larger proportion of patients aged 
greater than or equal to 70 years (54.9% versus 12.2%, 
P< 0.001). There was a greater proportion of males in the 
in-hospital death group (69.0% versus 40.2%, P< 0.001). 
Intentional exposures were predominant in both groups, 

with ingestion as the principal route. The survivor group had 
a greater proportion of exposures to substances with lower 
mortality indices (such as categories A, B, C and H), while the 
in-hospital death group had more exposures to substances 
with greater mortality indices (such as categories D, E, and F). 
Regarding initial vital signs at the emergency department, the 
in-hospital death group displayed a greater proportion of 
abnormal systolic blood pressure (�69 mmHg; 25.3% versus 
4.9%, P< 0.001), heart rate (�120 beats/min; 18.4% versus 
9.5%, P< 0.001), respiratory rate (�11 breaths/min or �25 
breaths/min; 40.9% versus 6.6%, P< 0.001), and body tem-
perature (�39�C; 4.7% versus 0.2%, P< 0.001). Furthermore, 
this group had a greater proportion of patients with 
decreased levels of consciousness, as evidenced by being 
either responsive to pain or unresponsive (61.8% 
versus 13.0%, P< 0.001). Both the new-Poisoning Mortality 
Score and the Modified Early Warning Score scores were 
significantly greater in the in-hospital death group (median 
[IQR]: 66 [57–77] versus 31 [23–40] for new-Poisoning 
Mortality Score, P< 0.001; 6 [4–10] versus 3 [2–4] for Modified 
Early Warning Score, P< 0.001).

Table 2 compares the performance of the new-Poisoning 
Mortality Score and the Modified Early Warning Score for 
predicting in-hospital mortality in acute poisoning. The new- 
Poisoning Mortality Score outperformed the Modified Early 
Warning Score in all aspects, including the area under the 
receiver operating characteristic curve, sensitivity, specificity, 
and accuracy. The optimal cutoff value was 52 for the new- 
Poisoning Mortality Score and five for the Modified Early 
Warning Score, as determined by Youden’s index. Figure 1
illustrates the area under the receiver operating characteristic 
curve of both scoring systems for predicting in-hospital 
mortality.

Table 3 compares the predicted and observed mortality 
in different risk groups using the new-Poisoning 
Mortality Score. The equation for predicting in-hospital mor-
tality was as follows: predicted mortality ¼ 1/(1þ e−z), 
z¼− 9.763þ 0.126� new-Poisoning Mortality Score. Figure 2
depicts the calibration curve for the new-Poisoning Mortality 
Score, which showed good calibration, albeit with a ten-
dency to overestimate mortality risk in the high-risk group.

Table 4 presents the performance of the new-Poisoning 
Mortality Score for predicting in-hospital mortality in each 
category of substances. The area under the receiver operat-
ing characteristic curve values were lower for substances 
with low mortality indices, such as categories A and C, while 
its performance was very good for substances with high 
mortality indices (categories G and H). The overall perform-
ance for all categories of substances was good, with an area 
under the receiver operating characteristic curve value of 
0.918.

Discussion

We conducted a comparative analysis between the new- 
Poisoning Mortality Score and the Modified Early Warning 
Score, focusing on their capacity to predict in-hospital mor-
tality among patients with acute poisoning. The key finding 
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of our research is the superiority of the new-Poisoning 
Mortality Score over the Modified Early Warning Score across 
multiple metrics, including the area under the receiver oper-
ating characteristic curve, sensitivity, specificity, and accuracy. 
This advantage is not limited to specific category of 

substances, nor is it confined to situations in which the exact 
substance involved is known. In predictive modelling, calibra-
tion refers to the agreement between the predicted proba-
bilities of an outcome and the actual observed outcomes 
[13]. A well-calibrated model, like the new-Poisoning 

Table 1. Comparison of the case characteristics between the survivor group and the in-hospital-death group.

Survivors (n¼ 16,206) In-hospital deaths (n¼ 364) P value

Demographics
Age (years) median (IQR) 41 (24–58) 72 (56-81) <0.001
<40 (%) 7,705 (47.5) 42 (11.5)
40–59 (%) 4,877 (30.1) 68 (18.7)
60–69 (%) 1,641 (10.1) 54 (14.8)
70–79 (%) 1,150 (7.1) 90 (24.7)
�80 (%) 833 (5.1) 110 (30.2)

Sex
Males (%) 6,518 (40.2) 251 (69.0) <0.001
Female, (%) 9,688 (59.8) 113 (31.0)

Poisoning-related factors
Intent of poisoning <0.001

Unintentional, (%) 4,596 (28.4) 49 (13.5)
Intentional (%) 11,560 (71.3) 309 (84.9)
Unknown (%) 50 (0.3) 6 (1.6)

Route of poisoning 0.417
Dermal, ocular, or contact (%) 66 (0.4) 1 (0.3)
Ingestion (%) 13,725 (84.7) 300 (82.4)
Inhalation (%) 2,415 (14.9) 63 (17.3)

Category of substances <0.001
A (%)a 8,269 (51.0) 38 (10.4)
B (%)b 1,834 (11.3) 16 (4.4)
C (%)c 674 (4.2) 3 (0.8)
D (%)d 2,421 (14.9) 176 (48.4)
E (%)e 147 (0.9) 30 (8.2)
F (%)f 24 (0.1) 35 (9.6)
G (%)g 2,314 (14.3) 63 (17.3)
H (%)h 523 (3.2) 3 (0.8)

Initial vital signs in the emergency department
Systolic blood pressure (mmHg) <0.001
�100 (%) 13,965 (86.2) 223 (61.3)
70–99 (%) 1,453 (9.0) 49 (13.5)
�69 (%) 788 (4.9) 92 (25.3)

Heart rate (beats/min) <0.001
70–119 (%) 12,426 (76.7) 183 (50.3)
30–69 (%) 2,247 (13.9) 114 (31.3)
120–159 (%) 1,483 (9.2) 30 (10.2)
�160 (%) 50 (0.3) 30 (8.2)

Respiratory rate (breaths/min) <0.001
12–24 (%) 15,132 (93.4) 215 (59.1)
�11 or �25 n (%) 1,074 (6.6) 149 (40.9)

Body temperature (�C) <0.001
<39 (%) 16,180 (99.8) 347 (95.3)
�39 (%) 26 (0.2) 17 (4.7)

Mental status (%) <0.001
Alert 11,045 (68.2) 88 (24.2)
Verbal response 3,055 (18.9) 51 (14.0)
Pain response 1,897 (11.7) 95 (26.1)
Unresponsive 209 (1.3) 130 (35.7)

New-Poisoning Morality Score, median (IQR) 31 (23–40) 66 (57–77) <0.001
Modified Early warning Score, median (IQR) 3 (2–4) 6 (4–10) <0.001

IQR: interquartile range.
aHormones, hormone antagonists, contraceptives, diagnostic reagents, vitamins, dietary supplements, topical preparations, paracetamol 
(acetaminophen), antipsychotics, antidepressants, zolpidem, doxylamine, unspecified sedatives, antipsychotics, hypnotics, 
benzodiazepines.

bPeptic and gastrointestinal drugs, antihistamines, cold and cough preparations, unspecified therapeutic drugs, anticonvulsants, cardio-
vascular drugs, unspecified analgesics, antibiotics, antifungals, opioids, stimulants, street drugs, asthma therapies, oral hypoglycemic 
drugs.

cAlcohols (liquor, ethanol, methanol), heavy metals, hydrocarbons, chlorine bleach, sodium hypochlorite.
dUnspecified artificial toxic substances, unspecified alkali, unspecified acids, unspecified corrosive agents, rodenticide, unspecified insecti-

cides, pyrethroid, unspecified pesticides, unspecified herbicides, glyphosate.
eGlacial acetic acid, organophosphates, carbamates.
fParaquat.
gCarbon monoxide, unspecified gases.
hNatural toxic substances.
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Mortality Score, ensures that the mortality risk predicted by 
the model closely aligns with observed mortality rates. This 
is particularly crucial in the clinical setting, in which accurate 
risk prediction can guide therapeutic decisions and the allo-
cation of resources [14–16].

The new-Poisoning Mortality Score presents several dis-
tinct advantages over other scoring systems, making it a 
more comprehensive and practical tool for assessing patients 
with acute poisoning. Notably, it incorporates poisoning- 
related factors, such as the intent of poisoning, route of 
exposure, and category of substances, which are not 
employed in other scoring systems [1,3,17–19]. Intentional 
poisonings are often more serious than unintentional poison-
ings since they frequently involve greater doses. Also, it is 

widely acknowledged that both the type of substance 
involved, and the route of exposure are significant factors 
influencing predictive performance [20–22]. By accounting 
for these poisoning-related factors, the new-Poisoning 
Mortality Score delivers a more relevant and accurate assess-
ment of a patient’s condition, thus enhancing its predictive 
performance. A retrospective study of 396 patients designed 
to predict the mortality rate in patients with acute organo-
phosphate poisoning [22] reported that the area under the 
receiver operating characteristic curve values of Acute 
Physiologic and Chronic Health Evaluation II (APACHE II), 
Simplified Acute Physiology Score II (SAPS II), and Poisoning 
Severity Score in cases of acute organophosphate poisoning 
were 0.77, 0.75, and 0.67, respectively. The new-Poisoning 

Table 2. The performance of the new-Poisoning Mortality Score and the modified early warning score for predicting in-hospital mortality in 
acute poisoning.

Statistics New-Poisoning Mortality Score Modified early warning score

Hosmer-Lemeshow goodness-of-fit testa P¼ 0.1425 P¼ 0.109
Area under receiver operating characteristic curve (95% CI) 0.947 (0.934–0.959) 0.800 (0.774–0.827)
Optimal cutoff value 52 5
Sensitivity (95% CI) 0.863 (0.823–0.894) 0.667 (0.618–0.714)
Specificity (95% CI) 0.912 (0.908–0.916) 0.817 (0.811–0.823)
Accuracy (95% CI) 0.911 (0.906–0.915) 0.814 (0.808–0.820)

CI: confidence interval.
aHosmer and Lemeshow test is used to indicate a good fitting model when P is >0.05 [10].

Figure 1. Area under receiver operating characteristic curve of the new-Poisoning Mortality Score and the Modified Early Warning Score for predicting in-hospital 
mortality in acute poisoning (0.947 versus 0.800, respectively).

Table 3. Risk group stratification by the new-Poisoning Mortality Score for predicting in-hospital mortality in 
acute poisoning.

Risk group New-poisoning mortality score Predicted mortalitya Observed mortality

Very low 0–27 0.09% 3/6,455 (0.05%)
Low 28–40 0.43% 20/5,968 (0.33%)
Intermediate 41–55 2.38% 57/3,023 (1.89%)
High � 56 22.50% 284/1,124 (25.30%)
aPredicted mortality rate ¼ 1/(1þ e−z), z¼− 9.763þ 0.126� new-Poisoning Mortality Score.
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Mortality Score exhibited a greater area under the receiver 
operating characteristic curve of 0.865 in the sub-analysis for 
the substance categories that includes organophosphates 
(Category E).

Another strength of the new-Poisoning Mortality Score is 
its robust performance, especially in situations in which iden-
tifying the primary toxic substance was challenging due to 
the patient’s altered mental status or ingestion of multiple 
substances. In Korea, toxicological screening and drug 

quantification are not readily available in many hospitals, 
necessitating prompt requests for these analyses in cases in 
which precise identification of the substance or dose is crit-
ical. However, requesting these analyses for all patients, 
including those at very low or low risk, could lead to an inef-
ficient allocation of medical resources, potentially delaying 
essential analyses for high-risk patients. Furthermore, even in 
hospitals equipped to provide such services, the process of 
collecting samples and obtaining results can be time- 

Figure 2. Comparison of the calibration curves for the new-Poisoning Mortality Score and the Modified Early Warning Score for predicting in-hospital mortality in 
acute poisoning.

Table 4. Sub-analysis for the performance of the new-Poisoning Mortality Score for predicting in-hospital mortality in acute poisoning 
according to the substance category groups.

Category groups Sensitivity Specificity Accuracy
Area under receiver operating  

characteristic curve

A 0.853 0.737 0.831 0.853
B 0.750 0.880 0.878 0.905
C 0.667 0.960 0.957 0.837
D 0.898 0.743 0.754 0.902
E 0.733 0.869 0.863 0.865
F 0.914 0.792 0.864 0.900
G 0.937 0.949 0.948 0.986
H 1.000 0.982 0.982 0.989
All groups 0.841 0.866 0.864 0.918
aHormones, hormone antagonists, contraceptives, diagnostic reagents, vitamins, dietary supplements, topical preparations, paracetamol (acet-
aminophen), antipsychotics, antidepressants, zolpidem, doxylamine, unspecified sedatives, antipsychotics, hypnotics, benzodiazepines.
bPeptic and gastrointestinal drugs, antihistamines, cold and cough preparations, unspecified therapeutic drugs, anticonvulsants, cardio-
vascular drugs, unspecified analgesics, antibiotics, antifungals, opioids, stimulants, street drugs, asthma therapies, oral hypoglycemic 
drugs.
cAlcohols (liquor, ethanol, methanol), heavy metals, hydrocarbons, chlorine bleach, sodium hypochlorite.
dUnspecified artificial toxic substances, unspecified alkali, unspecified acids, unspecified corrosive agents, rodenticide, unspecified insec-
ticides, pyrethroid, unspecified pesticides, unspecified herbicides, glyphosate.
eGlacial acetic acid, organophosphates, carbamates.
fParaquat.
gCarbon monoxide, unspecified gases.
hNatural toxic substances.
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consuming. An effective prognostic scoring system, like the 
new-Poisoning Mortality Score, can assist healthcare pro-
viders in clinical decision making. The new-Poisoning 
Mortality Score, particularly in additional subgroup analysis, 
has demonstrated its robustness even without detailed infor-
mation about the toxic substance category, reinforcing its 
role as an effective predictive model in such clinical settings.

Accurate and rapid assessment of patients is crucial for 
making disposition decisions in the emergency department. 
In acute poisoning, the clinical development of toxic syn-
dromes (toxidromes) may not be immediate. It is important 
to have a robust predictive model to screen for high-risk 
patients and assist in emergency department patient dispos-
ition decisions. The new-Poisoning Mortality Score is 
expected to be useful for objective discrimination between 
very-low-risk and low-risk patients, potentially reducing 
unnecessary hospitalizations. Furthermore, patients catego-
rized as high-risk by the new-Poisoning Mortality Score can 
be considered for transfer to poisoning treatment centres in 
the early stage and closely monitored for sudden clinical 
deteriorations necessitating ICU care. Significantly, we 
observed a marked increase in mortality rates among these 
patients. These results suggest that specific toxicological 
treatments and early hemodynamic stabilization in the emer-
gency department could improve clinical outcomes for these 
patients. Therefore, the new-Poisoning Mortality Score can 
contribute to clinical decision-making for patients with acute 
poisoning and improvements in emergency department 
resource utilization.

This study has several limitations. First, since the data 
were retrospective, not all patient charts could be retrieved, 
and discharged patients were not followed up for emergency 
department readmission and out-of-hospital mortality. 
Second, the Injury Surveillance Cohort does not provide data 
on specific causes of death and patient comorbidities. This 
limitation restricts our ability to conclusively determine the 
relationship between poison exposure and in-hospital mor-
tality. Also, comorbidities, such as terminal illnesses, were 
not accounted for in our study; they might influence the 
aggressiveness of medical care and potentially affect the out-
comes [23,24]. Third, the use of data from a single country 
may limit the generalizability of our findings. Future pro-
spective studies in multiple countries are necessary to valid-
ate the applicability of the new-Poisoning Morality Score 
across different populations. Lastly, the overall mortality in 
our cohort of 16,570 patients was 2.2%. This presents a 
potential risk of overestimating or overfitting the predictive 
performance of the model, especially when the number of 
predictors significantly exceeds the number of outcome 
events [25]. Such a discrepancy can give a misleading per-
ception of the effectiveness of the model in predicting out-
comes. Instead, it may predominantly reflect random 
variations or noise within the data. Therefore, it is crucial to 
exercise caution in interpreting these results.

Despite these limitations, our study provides valuable 
insights into the utility of the new-Poisoning Mortality Score 
in predicting in-hospital mortality in patients with acute poi-
soning. Caution is needed when interpreting our findings, 

which serve as a stepping stone towards more comprehen-
sive studies in the future.

Conclusions

Our study has helped to validate the new-Poisoning 
Mortality Score as an effective tool for predicting in-hospital 
mortality in patients with acute poisoning to the emergency 
department. The new-Poisoning Mortality Score demon-
strated superior performance over the Modified Early 
Warning Score in various metrics, including the area under 
the receiver operating characteristic curve. Furthermore, it 
showed consistent strength in cases in which the primary 
toxic substance was challenging to identify. Our findings sug-
gest that the new-Poisoning Mortality Score can contribute 
to enhancement of clinical decision-making and patient man-
agement. Further research is needed to confirm its generaliz-
ability across different populations.
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Appendix Table 1. Multivariable logistic regression for the calculation of the new-Poisoning Mortality Score in the patients with acute poisoning.

B Points = B/0.124 Odd ratio (95% confidence interval) P Value

Demographics
Age (years)

<40 Reference 0 1 <0.001
40–59 0.815 7 2.26 (1.64–3.11) <0.001
60–69 1.435 12 4.20 (2.97–5.93) <0.001
70–74 2.003 16 7.41 (5.20–10.57) <0.001
75–79 1.955 16 7.07 (4.93–10.14) <0.001
≥80 2.395 19 10.97 (7.74–15.55) <0.001

Sex
Female Reference 0 1 <0.001
Male 0.436 4 1.55 (1.30-1.84) <0.001

Poisoning-related factors
Intent of poisoning

Unintentional Reference 0 1 <0.001
Intentional 1.039 8 2.83 (2.22–3.61) <0.001
Unknown 1.073 9 2.92 (1.80–4.74) <0.001

Route of poisoning
Dermal, ocular, or contact Reference 0 1 0.274
Oral ingestion 1.006 8 2.73 (0.65–11.46) 0.169
Inhalation 0.592 5 1.81 (0.33–9.84) 0.493

Category of substances
Aa Reference 0 1 <0.001
Bb 1.373 11 3.95 (2.48–6.27) <0.001
Cc 1.817 15 6.15 (3.16–11.98) <0.001
Dd 2.654 21 14.21 (10.13–19.93) <0.001
Ee 3.36 27 28.80 (19.15–43.30) <0.001
Ff 5.866 47 352.78 (241.57–515.19) <0.001
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Appendix Table 1. Continued.

B Points = B/0.124 Odd ratio (95% confidence interval) P Value

Gg 1.801 15 6.05 (2.20–16.68) <0.001
Hh 1.492 12 4.44 (1.99–9.93) <0.001

Initial vital sings at emergency department
Systolic blood pressure (mmHg)

≥100 Reference 0 1 <0.001
70–99 0.734 6 2.08 (1.65–2.63) <0.001
≤69 1.903 15 6.70 (4.56–9.85) <0.001

Heart rate (beats/min)
70–119 Reference 0 1 0.001
30–69 0.124 1 1.13 (0.88–1.45) 0.323
120–159 0.458 4 1.58 (1.20–2.09) 0.001
≥160 0.984 8 2.68 (1.29–5.53) 0.008

Respiratory rate (breaths/min)
12-24 Reference 0 1 <0.001
≤11 or ≥25 0.663 5 1.94 (1.53–2.46) <0.001

Body temperature (°C)
<39 Reference 0 1 0.001
≥39 0.684 6 1.98 (0.64–6.12) 0.235

Mental status
Alert Reference 0 1 <0.001
Verbal response 0.61 5 1.84 (1.47–2.30) <0.001
Pain response 1.017 8 2.77 (2.21–3.45) <0.001
Unresponsive 2.033 16 7.64 (5.62–10.39) <0.001

Base constant B was selected as the smallest regression coefficient in the model, which was 0.124. The new-Poison Mortality Score is the sum of the point 
of each variable. The possible range of new-Poison Mortality Score was 0 to 137 points.
aHormones, hormone antagonists, contraceptives, diagnostic reagents, vitamins, dietary supplements, topical preparations, paracetamol (acetaminophen), anti-
psychotics, antidepressants, zolpidem, doxylamine, unspecified sedatives, antipsychotics, hypnotics, benzodiazepines.
bPeptic and gastrointestinal drugs, antihistamines, cold and cough preparations, unspecified therapeutic drugs, anticonvulsants, cardiovascular drugs, unspecified 
analgesics, antibiotics, antifungals, opioids, stimulants, street drugs, asthma therapies, oral hypoglycemic drugs.
cAlcohols (liquor, ethanol, methanol), heavy metals, hydrocarbons, chlorine bleach, sodium hypochlorite.
dUnspecified artificial toxic substances, unspecified alkali, unspecified acids, unspecified corrosive agents, rodenticide, unspecified insecticides, pyrethroid, 
unspecified pesticides, unspecified herbicides, glyphosate.
eGlacial acetic acid, organophosphates, carbamates.
fParaquat.
gCarbon monoxide, unspecified gases.
hNatural toxic substances.
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