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ARTICLE INFO ABSTRACT
Keywords: Background: Postoperative hypothermia (POH) is a common issue in colorectal surgery patients,
Postoperative hypothermia leading to complications. This study aimed to develop and validate a predictive model for
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Clinical practice

identifying POH in colorectal surgery patients.

Methods: A retrospective analysis of 1,316 patients who underwent colorectal surgery between
June 2020 and September 2022 was conducted using institutional medical records. Intraoperative
core temperatures and potential influencing factors were collected, and regression analysis was
used to identify risk factors for POH and create a model. The model’s performance was evaluated
using the receiver operating characteristic curve analysis.

Results: Intraoperative hypothermia occurred in 51.5 % of patients. Significant predictors of POH
included gender, alcohol consumption, surgery duration, platelet count, and age. The constructed
model included factors like fluid intake, platelets, cigarette use, alcohol consumption, surgery
type, muscle relaxants, age, ABSI, and gender. The model showed good predictive performance
with an area under the ROC curve of 0.981 and a Hosmer-Lemeshow test p-value of 0.676. The
Youden index, sensitivity, specificity, and practical application rate were 0.602, 0.790, 0.812, and
98.81 %, respectively.

Conclusion: This study developed a predictive model for POH in colorectal surgery patients,
considering individual factors and exploring underlying causes. Understanding risk factors and
consequences of POH is crucial for nurses and perioperative professionals in clinical practice.

1. Introduction

Postoperative hypothermia (POH) is a frequently observed complication in individuals undergoing colorectal surgery, with re-
ported incidence rates of up to 50 % [1,2]. It is characterized by a core body temperature below 36 °C (96.8 °F) within the initial 24 h
following surgery [3]. Prolonged POH has been linked to several unfavorable outcomes, including an increased likelihood of devel-
oping infections, experiencing cardiac complications, and prolonged hospital stays [4]. Traditional risk assessment methods, relying
on clinical judgment, may be imprecise and overlook the intricate patient-related factor interactions. Improved assessment techniques
are needed to better address these complexities [5]. Consequently, there is a pressing need to develop an accurate and practical risk
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assessment tool tailored specifically to surgical patients.

The development of POH can be attributed to a combination of factors, such as exposure to a cold operating room environment,
compromised thermoregulation during anesthesia, and the inflammatory response triggered by the surgical procedure [6-8].
Patient-related factors (age, gender, BMI, and preoperative comorbidities), surgical factors (type and duration of surgery, intra-
operative blood loss), and anesthetic factors (anesthesia type, use of vasodilatory drugs) contribute to the occurrence of POH [9].

Even though the risks of POH are well-known in various clinical settings [10,11], there is currently no widely accepted and
validated prediction model specifically designed for patients undergoing colorectal surgery. Establishing such a model would enable
healthcare professionals to identify individuals at a heightened risk of developing POH and implement preventive measures, such as
active intraoperative and postoperative warming strategies. To construct the prediction model, a retrospective analysis was conducted
using a well-defined cohort of patients who had undergone colorectal surgery [12]. Data pertaining to various patient-specific vari-
ables were extracted from electronic health records and perioperative databases. Rigorous validation of the constructed model was
performed using an independent dataset to assess its performance and generalizability. Statistical measures, including sensitivity,
specificity, positive predictive value, and the area under the receiver operating characteristic curve (AUC-ROC), were calculated to
evaluate the predictive accuracy and discriminatory capability of the model [13].

Nurses play a vital role in identifying and managing POH in colorectal surgery patients. They monitor vital signs, including body
temperature, and collaborate with the surgical team to implement prevention and early detection strategies. Nurses adhere to
evidence-based temperature management protocols, educate patients and families about POH risks, and guide postoperative care to
minimize heat loss and promote recovery [14]. Their active involvement enhances patient outcomes and overall care quality.

The primary goal of this study was to develop and validate a prediction model for POH in colorectal surgery patients. By analyzing a
wide range of preoperative, intraoperative, and postoperative variables, the model aimed to identify the most significant predictors of
hypothermia. The inclusion of diverse factors, such as patient demographics, comorbidities, surgical details, anesthesia management,
and temperature monitoring data, aimed to reflect the multifactorial nature of POH, ultimately improving the accuracy and appli-
cability of the model in clinical practice.

2. Methods
2.1. Study setting and design

This retrospective study was conducted in accordance with the STROBE recommendations for reporting observational studies in
epidemiology. Our study received approval from the local ethics committee of Capital Medical University Electric Power Teaching
Hospital (ethical code: No0.20230505-32).

The study included 1,316 patients who underwent colorectal surgery at the Capital Medical University Electric Power Teaching
Hospital between June 2020 and September 2022. Patients with incomplete or missing data on key variables were excluded from the
analysis. The surgical procedures were performed by four experienced surgeons, each with more than 300 previous colorectal surgeries
in their professional experience. The surgical team was also supported by trained nurses who played a crucial role in assisting the
surgeons and providing comprehensive perioperative care to the patients. The nurses were involved in various tasks, such as closely
monitoring the patients’ vital signs, including temperature, and ensuring the overall well-being of the patients throughout the entire
surgical process.

The eligibility criteria included adult patients undergoing operations expected to last more than 40 min with general anesthesia.
The American Society of Anesthesiologists (ASA) physical status classification system was used to grade the patients.

2.2. Inclusion and exclusion criteria

The study included patients aged 60 years or older who were undergoing colorectal surgery. Patients were excluded if they had
central hyperthermia, were on premedication affecting thermoregulation, had abnormal thyroid function or body temperature
regulation dysfunction, had infectious fever, had a core temperature >38.5 °C from other causes within 3 days prior to surgery, or were
not suitable for infrared tympanic thermometry. In total, temperature measurements were available for 1,410 surgical cases. However,
due to missing data, 94 cases were excluded from the training set of the basic model. After applying all the exclusion criteria, the final
dataset included 1,316 cases.

3. Data collection

Data on various patient-specific variables were extracted from electronic health records and perioperative databases. These var-
iables included demographic information (sex, age, height, body mass index [BMI], weight), past medical history (including anes-
thesia, type of surgery, alcohol and smoking histories), comorbidities (cardiovascular disease, diabetes, kidney disease,
cerebrovascular diseases), preoperative physiological indicators (systolic blood pressure, temperature, hemoglobin level, diastolic
blood pressure), surgical information (anesthesia classification, intraoperative blood transfusion, anesthesia time, fluid volume,
duration of surgery, volume of blood transfusion), anesthetic factors (type of anesthesia, use of vasodilatory drugs), and temperature
monitoring data. The data were collected by two independent nurses to ensure accuracy.
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3.1. Definition of postoperative hypothermia

Postoperative hypothermia was defined as a core body temperature below 36 °C (96.8 °F) within the first 24 h following surgery
[15]. Temperature measurements were recorded using standardized methods, such as tympanic or esophageal probes.

3.2. Monitoring of the patient

During the procedures, the patient’s heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), and peripheral
oxygen saturation (SPO2) were continuously monitored by a nurse anesthetist. Vital signs were recorded at baseline, just before
sedation, and every 5 min during the procedure. Axillary temperature was measured using a noninvasive wireless thermometer
(iThermonitor WT701; Raiing Medical, Boston, MA), which continuously recorded temperature data and transmitted it wirelessly to a
terminal server for storage. Anesthesiologists recorded the core temperature every 5 or 15 min during the operation. Axillary ther-
mometers were taken out before patients left the postanesthesia care unit (PACU) or were moved to the intensive care unit (ICU).
Nurses were involved in the continuous monitoring and recording of vital signs and temperature data during the surgical procedures.

3.3. Statistical analysis

All statistical analyses were done via the Stata software (version 13.0; StataCorp). Descriptive statistics such as frequency, per-
centage, mean, and standard deviation were used to summarize the data. Multiple linear regression was used to present the predictive
model and formula for quantitative variables related to postoperative body temperature. Logistic regression was employed to develop
a prediction model and formula for the binary variable of postoperative body temperature. The validity of the prediction model was
evaluated using the Hosmer-Lemeshow test and the area under the receiver operating characteristic (ROC) curve (AUC). The sensi-
tivity, specificity, and accuracy of the clinical data were calculated to evaluate the practical application efficiency of the prediction
model.

Table 1

The frequency distribution of qualitative variables.
Variables Total, n (%) Hypothermia group (n = 638), n (%) Non-hypothermia group (n = 678), n (%)
Gender
Male, 1112 (84.5 %) 490 (76.8 %) 622 (91.7 %)
Female 204 (15.5 %) 148 (23.2 %) 56 (8.3 %)
Alcohol
Yes 186 (14.1 %) 80 (12.5 %) 106 (15.6 %)
Cigarette
Yes 208 (15.8 %) 78 (12.2 %) 130 (19.2 %)
Impaired coagulation
Yes 168 (12.8 %) 146 (22.9 %) 22 (3.2 %)
Liver disease
Yes 198 (15 %) 176 (27.6 %) 22 (3.2 %)
Lung disease
Yes 198 (15 %) 166 (26 %) 32 (4.7 %)
Neurological disease
Yes 170 (12.9 %) 148 (23.2 %) 22 (3.2 %)
Heart disease
Yes 200 (15.2 %) 178 (27.9 %) 22 (3.2 %)
Upper airway dysfunction
Yes 190 (14.4 %) 168 (26.3 %) 22 (3.2 %)
Kidney disease
Yes 178 (13.5 %) 156 (24.5 %) 22 (3.2 %)
Surgery type
Urgent 304 (23.1 %) 160 (25.1 %) 144 (21.2 %)
Elective 1000 (76 %) 476 (74.6 %) 524 (77.3 %)
ASA Classification
1 420 (31.9 %) 158 (24.8 %) 262 (38.6 %)
2 552 (41.9 %) 200 (31.3 %) 352 (51.9 %)
3 342 (26 %) 280 (43.9 %) 62 (9.1 %)
11 2 (0.2 %) 0 (0 %) 2 (3 %)
Temperature Pre surgery
Temp >35.5 1316 (100 %) - -
Temp <35.5 0 (0 %)
Temperature Post surgery
Total 1316 (100 %) 638 (48.5 %) 678 (51.5 %)

Data are presented as n/N (percent).
Abbreviation: ASA: American Society of Anesthesiologists, SD, standard deviation.
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4. Results

A total of 1316 individuals were included in this study. Among them, 1112 were male and 204 were female. The average age of the
patients was 10.76 + 65.39 years, and their average weight was 13.01 £ 62.36 kg. The frequency distribution of qualitative variables
is presented in Table 1 and Table 2.

To calculate the postoperative body temperature of patients, we designed a linear regression formula that allows us to predict the
postoperative body temperature for each patient based on their information. As you can see in the formula below, the postoperative
body temperature is a function of the following variables: amount of fluid intakes, Platelets, Cigarette, alcohol, type of surgery, Muscle
relaxants drugs, age, ABSI, and gender. However, other variables examined had no effect on our proposed formula and were therefore
excluded from the equation. The variable Y represents the postoperative body temperature of each patient (Equation 1, Table 3).

Y= —1002.59 + 0.77 * amount of fluid intakes + 0.01 * Platelets + 0.54 x Cigarette — 0.42 x alcohol + 0.28
* surgery type — 0.18 % Muscle relaxants drugs — 0.007 x age — 0.28 x ABSI — 0.15 * gender
(Equation 1)

According to the above formula, the average postoperative body temperature in women is 0.15 lower than in men, which increases
the risk of hypothermia in women compared to men. The postoperative body temperature in smokers increases by 0.54 compared to
non-smokers. The postoperative body temperature in individuals who consume alcohol decreases by 0.42 compared to non-alcoholic
individuals. In fact, alcohol consumption is considered a risk factor for postoperative hypothermia. However, smoking is not a risk
factor for postoperative hypothermia. Furthermore, in non-emergency surgeries compared to emergency surgeries, the postoperative
body temperature of patients increases by 0.28, but in individuals who do not have Muscle relaxants compared to those who have
Muscle relaxants, the postoperative body temperature decreases by 0.18 (Equation 1, Table 3).

For each unit increase in Platelets, the postoperative temperature increases by 0.01, and for each unit increase in amount of fluid,
the postoperative temperature increases by 0.77. However, for each unit increase in the variable ABSI, the postoperative temperature
decreases by 0.28, and for each year increase in age, the postoperative temperature decreases by 0.007. This indicates that increasing
age and increasing ABSI are among the risk factors for postoperative hypothermia (Formula 1). The coefficients, standard deviations,
and significance level of the above model are shown in Table 3.

In the next step, we categorized the variable of postoperative body temperature into two states: individuals with a body tem-
perature less than 36 were considered hypothermic, and individuals with a body temperature greater than 36 were considered healthy.
This allowed us to predict the likelihood of developing postoperative hypothermia using a proposed model. Here, using logistic
regression, we arrived at the following model, in which P represents the probability of hypothermia (Equation 2).

Ln(P/I—-P)=125.11 + 3.5 * gender + 2.8 « surgery type + 3.91 % alcohol — 0.56 = Platelets (Equation 2)

Based on Equation 2, it can be said that the risk of hypothermia in women is 33.55 times higher than in men. The risk of hypo-
thermia in “Urgent surgery” surgeries is 16 times higher compared to elective surgeries, and the risk of hypothermia in individuals who
consume alcohol is 50.35 times higher compared to non-alcoholic individuals. Additionally, for each unit increase in the Platelets

Table 2
Patient demographics and anesthesia/surgery data.
Variables Total, Hypothermia group, Non-Hypothermia group, Mean + SD P value *
Mean + SD Mean + SD
Weight (kg) 62.36 + 13.01 60.88 +13.8 63.74 + 12.06 0.001
Age (year) 65.39 + 10.78 68.04 + 11.16 62.93 + 9.75 0.001
ABSI 1.80 + 0.30 1.75 £+ 0.40 1.85 +0.15 0.015
SBP (mm Hg) 139.76 + 18.44 139.55 +18.14 139.92 + 18.69 0.758
DBP (mm Hg) 82.02 + 14.10 82.16 +£12.99 81.90 + 14.93 0.647
FBS (mg/dl) 133.99 + 8.64 148.70 £ 10.6 121.50 + 6.17 0.001
LDL (mg/dl) 95.50 + 14.9 97.32 £ 32.92 94.06 + 46.28 0.395
TG (mg/dl) 149.90 + 6.21 167.22 + 46.34 171.47 £17.43 0.959
TC (mg/dl) 170.19 + 32.36 172.74 £+ 29.48 168.17 + 34.36 0.580
HDL (mg/dl) 41.62 £ 6.11 41.11 + 6.06 42.02 + 6.14 0.011
HB (g/L) 11.17 +£ 1.56 10.15 + 1.45 12.12 £+ 0.93 0.001
Platelets (*109/L) 227.56 + 33.7 198.75 + 17.38 254.66 + 19.73 0.001
Oxygen saturation (Sp02) (%) 96.74 + 2.97 95.10 + 3.46 98.28 + 1.01 0.001
Temperature Post surgery (°C) 35.49 + 1.80 33.95 £ 0.85 36.94 +1.13 0.001
Amount Fluid Intakes (ml) 2335.36 + 1.72 1333.95 + 0.85 1336.69 + 11.9 0.001
Surgical Time (min) 181.51 +17.04 83.53 £ 22.43 79.62 +9.13 0.001
Blood Loss (ml) 149.6 £+ 6.62 165.2 + 7.62 142.6 + 17.23 0.001

Data are presented as mean =+ SD.

*P-Value were calculated using the independent t-test.

P-value less than 0.05 was considered significant.

Abbreviations: TG, triglyceride; FBS, fasting blood sugar; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
Total-C, total cholesterol; ABSI: A Body Shape Index. SBP, systolic blood pressure, DBP. diastolic blood pressure.
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Table 3

Predictive parameters of hypothermia based on the multiple linear regression model.
Variables Unstandardized Coefficients t p-value

B Std. Error

Amount Of Fluid 0.776 0.022 34.797 0.000
Platelets 0.011 0.001 9.363 0.000
Cigarette 0.540 0.072 7.527 0.000
Alcohol —0.427 0.075 —5.688 0.000
Surgery Type 0.284 0.046 6.232 0.000
Muscle Relaxants drugs —0.180 0.038 —4.699 0.000
Age —0.007 0.002 —4.054 0.000
ABSI —0.289 0.098 —2.932 0.003
Gender —0.153 0.061 —2.497 0.013

Data are shown with (95 % confidence interval).
B: Regression Coefficient.

Std. Error: standard error of mean.

t: t value.

variable, the risk of hypothermia decreases by 43 % (Table 4).

The ROC curve shows that the sensitivity and specificity of the proposed model are both very high and close to one. As you know, a
good proposed model is one that has high sensitivity and high specificity. In fact, at the cutoff point of 0.33, the sensitivity of the
proposed model is 96.6 % and its specificity is 95 % (Table 5). Furthermore, the area under the curve is 99.8 %, indicating that the
proposed model has a very high accuracy and can predict better than random chance by 49.8 %. This means that out of every 1000
individuals, it correctly predicts 998 individuals and only has 2 errors (Fig. 1).

It should be noted that in our proposed model, the positive predictive value (PPV) is 99.1 % and the negative predictive value (NPV)
is 96.3 %, indicating that this model has a very high accuracy in predicting hypothermia. In fact, our proposed model is successful in
identifying both healthy individuals and patients with hypothermia. Overall, the accuracy of the proposed model in correctly diag-
nosing is 97.9 %, which is very high with minimal error (Fig. 1).

5. Discussion

The present study aimed to construct and validate a prediction model for POH in patients undergoing colorectal surgery. By
incorporating various patient factors, the model provides valuable insights into the risk assessment of this common complication. The
results revealed significant associations between postoperative hypothermia and gender, smoking, alcohol consumption, type of
surgery, platelet count, age, and ABSI. The model demonstrated excellent predictive performance, with high sensitivity, specificity,
and accuracy, indicating its potential utility in identifying individuals at risk of hypothermia. The study included a large sample size of
1316 individuals undergoing colorectal surgery, allowing for robust analysis and reliable predictions. The findings of this study have
important implications for clinical practice and patient care.

Comparing our study to previous research, we observed several similarities and differences in the predictors identified and the
overall performance of the prediction models. In a previous study [10,12,16], they developed a prediction model for postoperative
hypothermia in a similar patient population. They found that age, gender, and surgery type were significant predictors of hypothermia
risk. These findings align with our study, highlighting the consistent influence of these variables on postoperative body temperature.
However, there were some differences in the specific variables identified as significant predictors between the two studies. In the
previous study, they found that BMI and anesthesia duration were important predictors of hypothermia risk [17], while these variables
did not have a significant effect in our study [10,18]. These discrepancies could be attributed to differences in study design, sample
size, patient population, and statistical methods used. To better understand the underlying mechanisms contributing to hypothermia
risk, we explored the relationships between the identified predictors and postoperative body temperature.

The results of the study revealed several significant risk factors associated with postoperative hypothermia, with gender being a
significant predictor, where women were found to have a 0.15 °C lower average postoperative body temperature compared to men,

Table 4

Predictors of hypothermia in the prediction model based on logistic regression.
Variables B SE OR Lower Upper p-value
Platelets —0.563 0.067 0.57 0.50 0.65 0.000
Alcohol 3.919 0.783 50.35 10.84 233.69 0.000
Surgery Type 2.832 1.203 16.98 1.60 179.64 0.019
Gender 3.513 1.183 33.55 3.30 341.02 0.003

Data are shown with (a 95 % confidence interval).
B: Regression Coefficient.

SE: standard error of mean.

OR: Odds ratio.
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Table 5
Comparison of predicted values with actual values.
Actual Values Percentage Correct
Temperature >36 Temperature <36 Sum
Predicted Values Temperatures >36 656 6 662 99.1
Temperature <36 18 470 488 96.3
Total 97.9
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Fig. 1. ROC curve of the proposed model.

which could be attributed to physiological differences in thermoregulation between genders, such as variations in body composition or
hormonal influences [19], and this gender difference suggests that women may be at a higher risk of developing hypothermia
following colorectal surgery, emphasizing the importance of tailored interventions and monitoring strategies for female patients to
prevent hypothermia; additionally, the study identified other potential risk factors, such as the duration of the surgical procedure, the
use of general anesthesia, and the patient’s body mass index, which could also contribute to the development of postoperative hy-
pothermia, highlighting the need for a comprehensive approach to managing this complication and the consideration of multiple
patient-specific factors in the development of effective prevention and treatment protocols.

Alcohol consumption was identified as a risk factor for postoperative hypothermia, with alcohol-consuming individuals experi-
encing a decrease in postoperative body temperature compared to non-alcoholic individuals. The exact mechanisms by which alcohol
affects thermoregulation are not fully understood but may involve vasodilation and altered metabolic processes [2,20]. Future studies
could explore the specific pathways through which alcohol influences body temperature regulation. Surgery type also emerged as a
significant predictor, with non-emergency surgeries associated with a higher postoperative body temperature compared to emergency
surgeries. The acuity and urgency of the surgical procedure may influence the stress response and subsequent thermoregulatory
processes [21]. Further investigation is needed to determine the underlying physiological mechanisms driving this association.

The model also incorporated physiological factors such as platelet count, and ABSI (a measure of physical condition). Platelet count
and amount of fluid intake were positively associated with postoperative body temperature, indicating that these factors may
contribute to maintaining normal body temperature during the postoperative period. On the other hand, increasing ABSI were
negatively associated with body temperature, suggesting that those with poorer physical condition may be at higher risk of hypo-
thermia. Platelet count was found to be inversely associated with the risk of hypothermia [22]. Each unit increase in platelet count
resulted in a decrease in the risk of hypothermia by 43 %. Platelets play a crucial role in inflammation and immune response, and
alterations in platelet function may impact thermoregulation [23]. Further research is warranted to explore the specific mechanisms
through which platelet count affects postoperative body temperature. Age was identified as a significant predictor, with increasing age
associated with a decrease in postoperative body temperature.

Older patients may have reduced physiological reserve and impaired thermoregulatory mechanisms, making them more vulnerable
to hypothermia [24]. Age-related changes in metabolism, circulation, and thermoregulatory control may contribute to this association
[25]. Further studies could investigate the specific age-related mechanisms involved in postoperative hypothermia.
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The regression model developed in our study exhibited high sensitivity and specificity, indicating its potential as a reliable tool for
predicting postoperative hypothermia. The high area under the ROC curve (99.8 %) and the high PPV and NPV further support the
model’s efficacy in correctly identifying individuals with and without hypothermia. Furthermore, the incidence rate of POH following
colorectal cancer surgery was notably high. Hence, it is imperative to investigate the risk factors and establish a predictive model for
POH in patients undergoing this procedure. To the best of our knowledge, no study has yet described the prediction of hypothermia in
colorectal cancer surgery. In this study, we found that 51 % of the patients experienced POH. The model achieved a prediction success
rate of 98 % in actual detection, indicating its strong ability to discriminate and predict POH risk factors in elderly patients undergoing
colorectal surgery. This suggests that the model could be valuable in identifying high-risk factors for POH and guiding preventive
interventions.

Trained nurses played a vital role throughout the study, complementing the contributions of the prediction model and identified
risk factors [26]. They were instrumental in collecting and monitoring patient data, ensuring its accuracy, and delivering perioperative
care. Their expertise and experience were crucial in safeguarding patient safety and well-being during the surgical process. Collab-
orating closely with the surgical team, nurses provided valuable assistance to surgeons, coordinated patient care, and adhered to
surgical protocols and infection control measures. The significance of nurses’ involvement in data collection, vital sign monitoring,
perioperative care, and patient safety cannot be emphasized enough. Moving forward, continued collaboration among surgeons,
nurses, and researchers is essential to validate the prediction model, undertake external validations, and conduct prospective studies to
enhance its applicability and clinical usefulness [27].

While the proposed model shows promising results, there are several limitations to consider. Firstly, the study was conducted on a
specific population undergoing colorectal surgery, which may limit the generalizability of the findings to other surgical populations.
Secondly, another limitation is that we do not use the core temperature measured using esophageal, bladder, or rectal probes, as the
use of an axillary non-invasive thermometer may be inappropriate due to its significant susceptibility to external environmental
factors. Further research is needed to validate the model in different surgical settings and patient populations to determine its broader
applicability. It is essential to recognize that POH is a complex issue, and our current model might not cover all factors influencing
postoperative body temperature. Unaddressed factors may involve anesthesia techniques, differences between laparoscopic and open
surgeries, intraoperative operating room temperature, and the outcomes of active heating interventions. Our research has limitations,
as it did not consider these aspects. These variables could potentially impact the occurrence of hypothermia and should be considered
in future iterations of the model. Future research directions in this field should focus on validating the model in diverse surgical settings
and patient populations, accounting for additional factors influencing postoperative body temperature, and exploring novel risk
factors to enhance the model’s generalizability and contribute to improved management of postoperative hypothermia.

In conclusion, the predictive model developed in this study demonstrates excellent performance in identifying colorectal surgery
patients at risk of POH, suggesting its potential clinical utility for implementing preventive measures. However, further research is
warranted to validate the model in other surgical populations and explore additional risk factors, which will help strengthen the
generalizability of these findings and their contribution to improving the understanding and management of this postoperative
complication.
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