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Abstract: Objective: To analyze the risk factors for mortality in patients with acute diquat (DQ) poisoning and con-
struct a nomogram prediction model for clinical assessment and treatment. Methods: A retrospective analysis was 
performed on the clinical data of 110 patients with acute DQ poisoning who were admitted from March 2022 to April 
2024. The enrolled patients were divided into a training set of 80 cases and a validation set of 30 cases. A survival 
group and a death group were established, with death within 30 days as the endpoint. Among these, in the training 
group, there were 67 cases in the survival group and 13 cases in the death group. This study further analyzed and 
compared the baseline and clinical data of the two groups of patients, screened potential risk factors using Least 
absolute shrinkage and selection operator (LASSO) regression, and determined independent risk factors through 
multivariate logistic regression analysis. A nomogram predictive model was constructed and validated based on the 
validation set. Results: Using LASSO regression, this study screened 13 possible risk factors. The dosage of DQ, 
gastric lavage rate, medication to hospital admission time, alanine aminotransferase, aspartate aminotransferase, 
blood potassium, creatinine, urea, partial pressure of oxygen, urinary DQ concentration, Systemic Inflammatory 
Response Syndrome (SIRS) score, Sequential Organ Failure Assessment (SOFA) score, and Acute Physiology and 
Chronic Health Evaluation (APACHE) II score were found to predict death significantly after acute DQ poisoning. This 
study further constructed the nomogram predictive model and validated the predictive performance of this model 
by using a validation set. The Area Under the Curve (AUC) of the training set was 0.961, and that of the validation 
set was 0.947. The calibration curve of the training and validation sets showed good prediction results of the model, 
and the calibration curve tended to approach the ideal curve. Conclusion: This study constructed a nomogram 
model to predict mortality risk in patients with acute DQ poisoning. Clinicians will have a clearer and intuitive un-
derstanding of the prognosis of patients, so as to enhance the treatment of patients and optimize the allocation of 
medical resources.
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Introduction

Diquat (DQ) is a common herbicide that is wide-
ly used in agricultural production [1]. Acute DQ 
poisoning, however, has been recognized as an 
important issue in clinical emergency treat-
ment due to the high toxicity of DQ to the human 
body. Patients with acute DQ poisoning may 
experience rapid development of illness and 

have relatively high mortality, highlighting the 
significance of early and accurate assessment 
of patients’ mortality risk for guiding clinical 
treatment decision-making and improving pa- 
tient survival [2, 3]. At present, the assessment 
of the mortality risk in patients with acute DQ 
poisoning relies mainly on the experience of 
doctors and the clinical manifestations of 
patients in clinical practice [4]. Nevertheless, it 
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has drawbacks such as strong subjectivity and 
low accuracy. It is of great clinical significance 
to develop a more objective and accurate meth-
od to evaluate the mortality risk of patients 
with acute DQ poisoning. With recent develop-
ment of medical statistics and machine learn-
ing, a nomogram predictive models have been 
widely applied in the medical field [5]. This 
model can visually indicate patients’ risk graph-
ically by integrating multiple clinical indicators, 
providing clinicians with a more objective and 
accurate reference for decision-making [6]. 
Accordingly, the present study was performed 
to construct a mortality risk prediction model 
for patients with acute DQ poisoning based on 
the nomogram, and to evaluate its performance 
through validation. This research is expected to 
provide more scientific and effective guidance 
for the clinical treatment of patients with acute 
DQ poisoning, reduce patients’ mortality, and 
improve clinical therapeutic efficacy. 

Materials and methods

Subjects

A retrospective analysis was performed on the 
clinical data of 110 patients with acute DQ poi-
soning who were admitted to multiple hospitals 
(West China Hospital, Anyue County People’s 
Hospital, Chengdu Shangjinnanfu Hospital, The 
People’s Hospital of Chuxiong Yi Autonomous 
Prefecture, and The First People’s Hospital of 
Liangshan Yi Autonomous Prefecture) from 
March 2022 to April 2024. Inclusion criteria [7]: 
Patients with acute DQ poisoning, with a medi-
cation to hospital admission time of within 24 
h. Exclusion criteria: Patients with medical his-
tory of heart, liver, kidney, or respiratory diseas-
es; and patients with incomplete general data 
and clinical data. The included patients were 
randomly divided into a training set of 80 cases 
and a validation set of 30 cases. With death 
within 30 days as the endpoint, patients were 
divided into a survival group and a death group. 
Among them, in the training group, there were 
67 cases in the survival group and 13 cases in 
the death group. There were 33 males (41.25%) 
and 47 females (58.75%) in the training set, 
with an average age of (38.9±16.5) years, and 
a dosage of DQ of between 10-500 mL; while 
there were 12 males (40%) and 18 females 
(60%) in the validation set, with an average age 
of (39.3±15.8) years, and the dosage of 10-500 

mL. The Ethics Committee of West China Hos- 
pital of Sichuan University granted approval for 
this study (HX-IRB-AF-03-V3.0).

Content

After the completion of routine laboratory and 
biochemical tests immediately after admission, 
all patients underwent gastric lavage, cathar-
sis, and other treatments. Patients were also 
given routine fluid replacement, diuresis, pro-
tection of gastrointestinal mucosa, antioxidant 
and high-dose glucocorticoid therapy, protec-
tion of major organs and nutritional support. 
Patients should undergo hemoperfusion as 
early as possible (330-II, JaFron, Zhuhai), with 
8 h of hemoperfusion on the same day and 6 h 
on the next day for 2 days continuously, com-
bined with urinary DQ concentration monitoring 
(semi-quantitative detection) simultaneously. 
Immediately after admission, patients were 
subjected to urine sampling and urinary DQ 
concentration testing. Specifically, urinary DQ 
concentration was measured using the sodium 
hydrosulfite colorimetric method. The urine 
sample of patients (10 mL each) was taken. 2 
mL of sodium hydroxide was added and shaken 
well, followed by 50 mg of sodium hydrosulfite. 
The color change of the urine was observed 
and compared with a standard color chart. 
Urinary DQ concentration was be determined t, 
and a darker color indicated a higher concen- 
tration. 

This study further calculated and analyzed 
patients’ systemic inflammatory response syn-
drome (SIRS) scores, which are a set of indica-
tors for evaluating the presence of systemic 
inflammatory response in the human body. 
Patients can be diagnosed with SIRS when 
meeting at least two of the following criteria: 1. 
Temperature: > 38°C (fever), or < 36°C (hypo-
thermia); 2. heart rate: > 90 bpm; 3. respiratory 
rate: > 20 times/min, or the presence of (PaCO2 
< 32 mmHg); and 4. white blood cell count: > 
12,000/μL (leukocytosis), < 4,000/μL (leuko-
penia), or the percentage of immature neutro-
phils (neutrophilic granulocyte band form) > 
10%. 

SOFA is a scoring system used to evaluate the 
functional status of multiple organ systems in 
patients in the intensive care unit (ICU). It pri-
marily assesses functions of the following six 
organs and systems, including the respiratory 
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system, blood system, livers, cardiovascular 
system, central nervous system, and kidneys. 

Furthermore, APACHE II is a scoring system 
widely used to evaluate the severity of the  
condition of critically ill patients and predict 
prognosis. It consists of three parts: Acute 
Physiology Score (APS), Age Score, and Chronic 
Health Score. Patients with higher scores may 
have more severe conditions [8, 9]. In this 
study, the surviving patients after discharge 
were followed up by telephone 28 d later to get 
their survival status. 

Statistical analysis

Statistical Product Service Solutions (SPSS) 
22.0 statistical software was applied for statis-
tical analysis. The measured data were ex- 
pressed as mean ± standard deviation, and 
compared using t-test between groups; while 
the inter-group comparison of counted data 
used a χ2 test. LASSO regression was employed 
to screen potential risk factors, and multivari-
ate logistic regression analysis to determine 
independent risk factors, with the construction 
of a nomogram predictive model at the same 
time [10]. Independent risk factors with P<0.05 
were included for plotting the receiver operat-
ing characteristic (ROC) curve [11]. This study 
also evaluated the predictive performance of 
the constructed model on patients’ mortality 
[12]. P<0.05 indicated a significant difference. 

Results

Comparison of patient data between the sur-
vival and death groups

As shown in Table 1, among the 80 patients  
in the training set, there were 67 survivors 
(83.75%) in the survival group. There were no 
significant differences in age, gender ratio, 
hemoperfusion rate, white blood cells, serum 
albumin, lactate, or pH between the survival 
group and the death group (P>0.05). Compared 
to the death group, the survival group had a  
significantly shorter medication to hospital 
admission time (P<0.05); lower levels of ala-
nine aminotransferase, aspartate aminotrans-
ferase, creatinine and urea (P<0.05); higher 
partial pressure of oxygen (P<0.05); and lower 
gastric lavage rate, blood potassium, urinary 
DQ concentration, and dosage of DQ (P<0.05); 
as well as lower SIRS, SOFA, and APACHE II 
scores (P<0.05). 

Multivariate logistic regression analysis of 
mortality risk in patients with acute DQ poison-
ing

This study screened 13 potential risk factors 
using LASSO regression. It was observed that 
the dosage of DQ, gastric lavage rate, medica-
tion to hospital admission time, alanine amino-
transferase, aspartate aminotransferase, bl- 
ood potassium, creatinine, urea, partial pres-
sure of oxygen, urinary DQ concentration, SIRS 
score, SOFA score, and APACHE II score were 
influential factors related to the mortality of 
patients with acute DQ poisoning (Figure 1A). 
Based on a 10-fold cross-validation, we plotted 
the natural logarithmic transformation trend of 
mean square error (MSE) with the parameter of 
lambda (λ). At the minimum value of λ of 0.835, 
i.e., when its logarithmic value was -4.865, 
MSE reached the valley (dashed line on the 
left); and the dashed line on the right repre-
sented the λ value within one standard error 
(Figure 1B). 

Further multivariate analysis revealed that the 
dosage of DQ, medication to hospital admis-
sion time, aspartate aminotransferase, urinary 
DQ concentration, SIRS score, and APACHE II 
score were risk factors for mortality in patients 
with acute DQ poisoning (Table 2). 

A nomogram model for predicting mortality 
risk in patients with acute DQ poisoning

Using a Logistic “step by step method”, the pre-
dictive model was established: P=1/[1+e(2.782-

1.256×the dosage of DQ-0.880×Medication to hospital admission time-

1.143×aspartate aminotransferase-1.029×urinary DQ concentration-0.958× 

SIRS score-1.358×APACHE II score)] (Figure 2). In the nomo-
gram, the total score was obtained by adding 
the scores corresponding to each variable pre-
dicted together. A higher total score indicated a 
higher risk of mortality in patients. 

Validation of the nomogram model of mortality 
risk in patients with acute DQ poisoning

This study validated the prediction performan- 
ce of the constructed model by using a valida-
tion set. The area under the curve (AUC) of the 
training set was 0.961, and that of the valida-
tion set was 0.947 (Figure 3). The calibration 
curve of the training and validation sets show- 
ed good predictive results of the model, and 
the calibration curve approached the ideal 
curve (Figure 4). 
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Discussion

The main toxicologic mechanism of acute DQ 
poisoning involves release of reactive oxygen 
species (ROS) and reactive nitrogen species 
(RNS) intracellularly during the reduction-oxida-
tion process, leading to oxidative stress and 
cellular dysfunction subsequently [13, 14]. DQ 
has a relatively high reduction-oxidation (re- 
dox) potential, stronger than for other herbi-
cides, resulting in significant damage to cells 
after poisoning [15]. Acute DQ-poisoned pa- 
tients may usually experience digestive symp-
toms, such as oral burning pain, ulcers, muco-

sal edema, nausea, vomiting, abdominal pain, 
and diarrhea. Acute DQ poisoning may also 
damage the kidney and liver, causing renal 
tubular epithelial cell injury and liver dysfunc-
tion, inducing proteinuria and even acute renal 
failure [16, 17]. If there is damage to the ner-
vous system, patients exhibit symptoms such 
as consciousness disorder and convulsion, 
with high mortality [18]. Moreover, acute DQ 
poisoning shows rapid progression, and pa- 
tients may have rapid deterioration of their 
physical condition [19]. Therefore, to alleviate 
the symptoms and prevent further deteriora-
tion of the condition, patients should be given 

Table 1. Comparison of data between the survival group and the death group

Factor Survival group 
(n=67)

Non-survival group 
(n=13)

Statistical 
value P

Age (year) 38.2±16.6 39.3±17.2 0.217 0.828
Gender (n/%) 0.154 0.695
    male 27/40.3 6/46.2
    female 40/59.7 7/53.8
Diquat dose (n/%) 21.113 <0.001
    <6 mL 41/61.2 2/15.4
    6~60 mL 23/34.3 5/38.5
    >60 mL 3/4.5 6/46.2
Medication to hospital admission time (h) 7.4±3.2 11.9±4.8 58.642 <0.001
Gastric lavage rate (n/%) 28/41.8 4/30.8 0.551 0.458
Blood perfusion rate (n/%) 21/31.3 3/23.1 0.070 0.791
White blood cells (×109/L) 15.8±8.6 16.4±7.9 0.233 9.816
Alanine aminotransferase (U/L) 19.9±12.3 116.3±25.9 20.919 <0.001
Aspartate aminotransferase (U/L) 26.4±5.9 105.1±28.4 20.957 <0.001
Creatinine (umol/L) 6.2±3.1 9.4±4.1 3.225 0.002
Urea (mmol/L) 86.1±16.7 181.4±55.2 11.845 <0.001
Blood potassium (mmol/L) 3.2±0.7 5.0±1.0 7.878 <0.001
Serum albumin (g/L) 49.2±5.6 48.3±5.9 0.526 0.601
Lactic acid (mmol/L) 2.1±1.2 2.2±1.3 0.271 0787
Blood oxygen partial pressure (mmHg) 106.2±19.2 91.7±16.1 2.551 0.013
pH 7.5±0.9 7.4±0.7 0.378 0.706
Urinary Diquat Concentration (n/%) 31.530 <0.001
    <3 ug/L 10/14.9 0
    3~<10 ug/L 17/25.4 1/7.7
    10~<30 ug/L 29/43.3 3/23.1
    30~<100 ug/L 11/16.4 4/30.8
    >100 ug/L 0 5/38.5
SIRS score 2.0±0.61 3.0±0.54 5.502 <0.001
SOFA score 2.0±0.47 3.1±0.42 7.845 <0.001
APACHE II score 12.5±3.5 37.2±8.3 17.800 <0.001
pH, Potential of Hydrogen; SIRS, Systemic Inflammatory Response Syndrome; SOFA, Sequential Organ Failure Assessment; 
APACHE, Acute Physiology and Chronic Health Evaluation.
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immediate medical attention 
as well as professional treat-
ment and management upon 
the onset of symptoms of 
acute DQ poisoning.

In the present study, we ana-
lyzed and compared the clini-
cal data of 110 patients with 
acute DQ poisoning who were 
admitted to multiple centers, 
with the purposes of exploring 
risk factors affecting the mor-
tality of these patients, and 
constructing a nomogram pre- 
dictive model based on these 
risk factors. Consequently, it 
was observed that the dosage 
of DQ in the death group was 
significantly higher than that 

Figure 1. Results of LASSO regression analysis. A. LASSO regression coefficient path; B. Results of LASSO regression 
cross-validation 

Table 2. Multivariate logistic analysis of mortality risk factors in patients with acute diquat poisoning
Factor β SE Wald X2 OR 95% CI P
Diquat dose 0.254 0.081 9.833 1.289 1.078, 5.997 <0.001
Medication to hospital admission time 1.273 0.552 5.318 3.572 1.475, 8.153 0.002
Aspartate aminotransferase 2.112 0.445 22.525 8.265 1.417, 16.857 <0.001
Urinary Diquat Concentration 2.984 0.669 19.895 19.766 5.674, 26.596 <0.001
SIRS score 2.131 0.267 63.700 8.423 2.167, 12.277 <0.001
APACHE II score 1.863 0.315 34.978 6.443 3.423, 11.892 <0.001
SE, Standard Error; CI, Confidence Interval; SIRS, Systemic Inflammatory Response Syndrome; APACHE, Acute Physiology and 
Chronic Health Evaluation.

Figure 2. Line chart model for predicting the risk of death in patients with 
acute diquat poisoning. SIRS, Systemic Inflammatory Response Syndrome; 
APACHE II, Acute Physiology And Chronic Health Evaluation II.
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of the survival group, indicating a direct co- 
rrelation between the dosage of DQ and patient 
survival rate. The Vanholder et al. [20] study 
showed that ingesting a rapid dose of 20% con-
centrated formulation of Diphthera above 15 
mL was usually fatal. The medication to hospi-
tal admission time was also a key factor, and 
the average time was calculated to be shorter 
in the survival group than that of the death 
group, suggesting that seeking medical advice 
at an early stage could improve the prognosis 
of patients. Furthermore, lower levels of liver 
function indicators (alanine aminotransferase, 
and aspartate aminotransferase) and renal 
function indicators (creatinine, and urea) in the 
survival group than in the death group also sup-
ported an intimate association of the damage 
of acute DQ poisoning to liver and kidney func-
tions with patient survival rate. Acute DQ poi-

sly, the partial pressure of oxygen in the surviv-
al group was higher than that of the death 
group, revealing that blood oxygen may be an 
important physiologic indicator for predicting 
prognosis. Notably, urinary DQ concentration is 
also critical for patient survival, and was detect-
ed to be significantly higher in the death group 
than in the survival group. This further supports 
the correlation between DQ concentration and 
patient prognosis. According to previous re- 
search, there might be an inconsistency bet- 
ween the recorded intake dose in the medical 
history and the actual intake dose, which may 
be related to patients’ erroneous recall, vomit-
ing after exposure, or confusion in pesticide 
production supervision. [23]. Therefore, DQ con- 
centration measurement by urine test can give 
a more accurate determination of patients’ poi-
soning situation, and this calls for accurate and 

Figure 3. Validation of the line graph model for predicting mortality risk in pa-
tients with acute diquat poisoning. A. The Receiver Operating Characteristic 
curve (ROC) curve of the nomogram model for predicting the risk of death 
in patients with acute diquat poisoning; B. The ROC curve of the nomogram 
model for predicting the risk of death in patients with acute diquat poisoning 
was drawn by leave-one-out cross-validation. AUC, Area Under Curve.

Figure 4. Correction curve of the line graph model for predicting the risk 
of death in patients with acute diquat poisoning. A. Correction curve of the 
training set; B. Calibration curve of the validation set. Pr, Positive Rate.

soning may greatly affect liver 
function, manifested as ele-
vated liver enzymes, and jaun-
dice. It can be speculated that 
after a series of biochemical 
reactions in vivo, DQ can pro-
duce metabolites that are 
toxic to liver cells, leading to 
liver cell damage and subse-
quent liver dysfunction [21]. 
The kidney is the main excre-
tory organ and the main tar-
get organ of damage after 
absorption of DQ. The kidney 
may be damaged directly af- 
ter acute DQ poisoning, pre-
senting necrosis and shed-
ding of renal tubular epithelial 
cells, leading to acute tubular 
necrosis and acute renal fail-
ure [22]. Clinically, patients 
may experience oliguria, anu- 
ria, hematuria, and protein-
uria. In severe cases, hemo-
perfusion, hemodialysis, and 
other therapeutic methods 
may be required to flush tox-
ins out of the body. Therefore, 
emphasis on the detection  
of liver and kidney functions 
in acute DQ-poisoned pa- 
tients may facilitate the de- 
termination and monitoring  
of patients’ poisoning status 
and prognosis. Simultaneou- 
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quantitative detection methods. Meanwhile, 
when assessing the severity of the condition, 
SIRS and APACHE II scores were both lower in 
the survival group than those of the death 
group, indicating a significant negative correla-
tion between the severity of the condition and 
patient survival rate. As evidenced by several 
case reports, acute high-dose DQ poisoning 
usually affects the kidney, liver, brain, and heart 
[24, 25]. Existing toxicologic studies have docu-
mented that the DQ dose not bind covalently 
with large molecules (i.e. lipids, proteins, and 
nucleic acids) [26], but induces the production 
of intracellular ROS through redox cycling, lead-
ing to increased permeability of the phospho-
lipid membrane. Recent data revealed that 
fatal DQ poisoning can cause damage to the 
central nervous system, including cerebral 
ischemia, cerebral hemorrhage, and brain swe- 
lling [27]. Significant necrosis of capillary walls 
of the pons and perivascular bleeding were 
detected by pathologic examination in acute 
DQ-poisoned patients [28]. In addition, some 
cases were reported to have symptoms of en- 
cephalopathy such as mania, epilepsy, drowsi-
ness, or coma after acute DQ poisoning [27, 
28]. This suggests that DQ can invade the brain 
and central nervous system of poisoned indi-
viduals. Thus, patients’ brain status and neuro-
logic health should be considered in clinical 
treatment. 

As an effective strategy for feature selection 
and model simplification, LASSO regression 
exhibits significant advantages in processing 
high-dimensional data and avoiding over-fitting 
[23]. In this study, on the basis of clinical data 
and laboratory test results, LASSO regression 
was used to screen variables for subsequent 
multivariate logistic regression analysis and 
construction of the nomogram prediction mo- 
del. A nomogram predictive model was estab-
lished based on the training set, and its predic-
tive effect was verified using the training and 
validation sets. The AUC values were 0.961 and 
0.947, respectively, suggesting a high accuracy 
of the constructed model. A good predictive 
effect of this model was evident from the plot-
ted calibration curve, which approached the 
ideal curve. Based on the predictive power of 
this model, it can assist doctors in recognizing 
high-risk patients in a timely manner and devel-
op personalized treatment plans, so as to 
improve prognosis. 

Despite unique advantages and value in the 
clinical management of acute DQ-poisoned 
patients, the constructed model has limita-
tions. In clinical practice, doctors should use 
the model reasonably by integrating the specif-
ic situation of patients and the characteristics 
of the model to improve the accuracy of clinical 
decision-making. In our future research, we 
intend to develop effective therapeutic regi-
mens based on these factors to improve patient 
survival. 

To sum up, this study suggests that the dosage 
of DQ, medication to hospital admission time, 
degree of liver and kidney dysfunction, partial 
pressure of oxygen, urinary DQ concentration, 
and severity of the condition are all impor- 
tant factors affecting the survival of acute 
DQ-poisoned patients. By constructing a pre-
dictive model, the death risk of patients with 
acute dioxalosis can be accurately quantified 
and evaluated. Knowing the prognosis of 
patients can help enhance treatment and op- 
timize the allocation of medical resources. 
However, this study has limitations. As a retro-
spective study, the sample size of this study is 
small, and the multi-center area is relatively 
concentrated, which may cause certain bias. In 
addition, individual predictors are subject to 
subjective influence, for example, oral dose is a 
patient subjective statement, and may not be 
very accurate. In the future, we hope to contin-
ue to expand the sample size, at the same  
time summarize and summarize the previous 
research experience, strengthen the coopera-
tion between basic and clinical factors, and 
carry out high-quality, multi-center clinical 
research.
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