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Objective

To identify factors influencing hypoglycemia in patients with type 2 diabetes mellitus (T2DM) following gastrointestinal tumor surgery and construct a predictive model for assessing hypoglycemia risk.





Methods

We retrospectively collected data on 1280 patients with T2DM who underwent gastrointestinal tumor surgery and divided them into two groups—one for model building (n = 982) and another for validation (n = 298). We used multivariate logistic regression to develop a predictive model for hypoglycemia following gastrointestinal tumor surgery. The model’s predictive performance was evaluated using the area under the receiver operating characteristic (ROC) curve, and its generalization ability was evaluated using the bootstrap test and the five-fold cross-validation test.





Results

We identified hypoglycemia following gastrointestinal tumor surgery in 124 of 982 (12.6%) T2DM patients in the developmental cohort. Finally, five predictors, including duration of diabetes, operation duration, preoperative fasting time, preoperative hypoglycemic regimen (subcutaneous insulin injection), and glucose fluctuation on the day of surgery, were integrated into the predictive model. The performance of the hypoglycemia risk prediction model for patients with T2DM undergoing gastrointestinal tumor surgery was comprehensively evaluated. The model demonstrated an area under the ROC curve (AUC) of 0.837 (95% CI: 0.792–0.882), indicating a strong discriminative ability. Internal validation via five-fold cross-validation with bootstrap resampling revealed close approximation of the calibration curve to the ideal line, refining high consistency between predicted probabilities and actual hypoglycemia occurrence. Decision curve analysis (DCA) further supported its clinical utility, indicating value in clinical decision making for hypoglycemia risk stratification and preventive intervention selection.





Conclusion

The developed model exhibits high discriminative ability and good calibration. Following visualization (e.g., nomogram), it provides a clinical tool for healthcare providers to stratify hypoglycemia risk in T2DM patients undergoing gastrointestinal tumor surgery, enabling personalized perioperative glucose management and informed decision making to improve patient outcomes.
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1 Introduction

Gastrointestinal tumors are the most common malignancies in China, accounting for nearly half of the global cases, and their incidence and mortality rates have been rising in recent years (1, 2). Diabetes mellitus (DM) is a major global health issue with high prevalence, disability, mortality, and disease burden. By 2025, approximately 784 million adults (20–79 years) are estimated to have DM, with type 2 DM (T2DM) constituting over 90% of cases (3–5). China has the highest number of DM patients, with an estimated 140 million adults affected and a prevalence rate of around 12.4% (3). Epidemiological studies have shown that T2DM is associated with an increased risk of gastric, colorectal, and rectal cancer (6). As the number of T2DM patients requiring gastrointestinal tumor surgery increases, they face a 5–6 times higher risk of postoperative complications and mortality compared to non-diabetic patients (7). While postoperative blood glucose control can reduce complications, it may lead to hypoglycemia (8). Hypoglycemia is a common complication in T2DM patients, with incidence rates ranging from 3.3% to 24.78% (9, 10). Perioperative hypoglycemia is associated with a range of adverse outcomes, including cognitive dysfunction, brain damage, cardiovascular events, increased morbidity, and mortality (11).

The occurrence of hypoglycemia is the result of many factors. There are many factors that influence postoperative hypoglycemia in T2DM patients. According to the current advances, these influencing factors can be generally divided into several avenues: individual factors of patients, such as old age, female, low body mass index, long course of diabetes, mental state (anxiety, depression, fear), and unhealthy lifestyle of smoking and drinking; surgical factors, such as open surgery, prolonged operation time, prolonged fasting, prolonged parenteral nutrition, and blood glucose variability; disease factors, such as cardiovascular disease, renal insufficiency, and abnormal liver function; and drug factors, such as improper administration of hypoglycemic drugs before surgery, excessive dose or improper administration time of insulin after surgery, etc. (12–15).

In addition, studies demonstrate that digestive tract reconstruction and modified surgeries after surgery for gastrointestinal tumor resection can alleviate T2DM symptoms in gastric cancer patients and improve glucose metabolism (16). The mechanism may involve altered secretion of gastrointestinal hormones and reduced functional digestive tract volume (17). Such procedures as Roux-en-Y gastric bypass (RYGB) can significantly impact glucose metabolism and insulin sensitivity, thereby influencing blood glucose levels. These surgeries can alter the secretion of gastrointestinal hormones, leading to rapid carbohydrate absorption and increased secretion of hormones like glucagon-like peptide-1 (GLP-1) and peptide YY (PYY), which in turn affect insulin secretion and gastric emptying. This can result in postprandial reactive hypoglycemia. Moreover, the surgeries can also impair gastric function and appetite regulation, potentially increasing the risk of fasting hypoglycemia (18). Additionally, the stress associated with surgery can induce oxidative stress, which stimulates the secretion of adropin, a peptide involved in regulating glucose metabolism. Adropin enhances insulin sensitivity by boosting hepatic AKT/PKB signaling and increasing GLUT4 expression in skeletal muscle, promoting glucose uptake and utilization. It also interacts with other hormones to maintain glucose homeostasis. However, the complex interplay of these factors can sometimes lead to hypoglycemia, especially in the postoperative period (19). Therefore, understanding these mechanisms is crucial for managing and preventing hypoglycemia in patients undergoing gastrointestinal surgery. However, few studies have focused on the risk of postoperative hypoglycemia in patients with T2DM undergoing this type of surgery.

Presently, numerous researchers worldwide have developed risk prediction models for hypoglycemia in patients with T2DM (20–23), including a predictive model for the risk of postoperative hypoglycemia in patients with T2DM undergoing elective surgery (9, 24). However, these studies lack clarification on the predictive time window, which diminishes their clinical applicability, and they did not explore the impact of different types of surgery on the probability of hypoglycemia. Our previous study showed that 8.37% of patients with T2DM developed hypoglycemia during gastrointestinal tumor surgery. Ideally, a model that could precisely predict postoperative hypoglycemia in T2DM patients undergoing a specific surgery type would exhibit superior specificity and efficiency. Therefore, we conducted this study to develop a risk prediction model for hypoglycemia in patients with T2DM following gastrointestinal tumor surgery.

In summary, the growing prevalence of gastrointestinal tumors and T2DM in China highlights the need for a deeper understanding of the pathophysiological mechanisms underlying postoperative hypoglycemia in patients undergoing gastrointestinal surgery. This understanding is crucial for developing effective strategies to manage and prevent hypoglycemia in this vulnerable patient population.




2 Materials and methods



2.1 Study design

We conducted a retrospective cohort observational study of patients with T2DM admitted for gastrointestinal tumor surgery between January 1, 2018, and February 28, 2023, using data from the hospital’s electronic information system. According to the inclusion and exclusion criteria, 1280 patients with T2DM were enrolled. Inclusion criteria were as follows: adult patients (≥18 years) diagnosed with T2DM, according to the International Classification of Diseases, Tenth Revision (ICD-10: E11), who underwent gastrointestinal tumor surgery. Exclusion criteria included (1) patients undergoing emergency surgery, multiple surgeries, or canceled surgeries; (2) those with severe heart, lung, liver, or kidney diseases; (3) those with other malignancies or simultaneous radical surgeries for non-gastrointestinal tumors; and (4) those with incomplete or unanalyzable clinical, laboratory, or surgical data.




2.2 Data collection

To ensure the research’s scientific validity, authority, and feasibility, we organized experts with extensive clinical experience to discuss the risk predictors of hypoglycemia found in the literature, determining their significance and relevance. The inclusion criteria were professionals in diabetes and gastrointestinal tumor surgeries (doctors, nursing managers, nursing educators, and diabetes specialist nurses), over 10 years’ experience in endocrinology or general surgery, significant academic influence in diabetes or nursing, and voluntary participation with informed consent. Ultimately, 12 experts were selected: 16.6% doctors (1 general surgeon and 1 endocrinologist), 16.6% nursing managers (1 deputy nursing director and 1 general surgery head nurse), 50% specialized nursing unit nurses (3 endocrinology nurses, 1 ICU nurse, and 2 general surgery nurses), and 16.6% senior diabetes clinical specialist nurses (2 certified diabetes specialist nurses). Possible new impact factors have even been proposed in the discussion. Finally, data were collected based on the factors influencing hypoglycemia experts discussed.

Initial findings from our research indicated that about 30% of hypoglycemia occurred on the 2nd to 8th day after surgery. Hence, the researchers determined that the model should be applied on the 1st day after surgery to identify high-risk patients and propose timely intervention measures. Based on clinical expertise and expert discussion results, the influencing factors of hypoglycemia were summarized into three time points: before, on the day of surgery, and the day after surgery.

The researchers designed a data collection table to collect information on factors influencing hypoglycemia based on expert discussion results, including patient age, sex (male or female), hypertension (yes or no), renal impairment (yes or no), personal history(smoking or drinking), preoperative body mass index, preoperative fasting(yes or no), preoperative nutritional support, duration of diabetes, preoperative metabolic indicators (total cholesterol, triglycerides), preoperative HbA1C, preoperative hypoglycemic medication administration methods. Type of gastrointestinal reconstruction (yes or no), time of gastrointestinal tumour surgery, Intraoperative use of hypoglycemic drugs (yes or no), glycemic variability on the day of surgery, postoperative hypoglycemic medication administration methods, glycemic variability over multiple days(glycemic variability from admission to postoperative day 1).




2.3 Definitions of clinical endpoints

The clinical endpoint of our study was the occurrence of hypoglycemia following gastrointestinal tumor surgery, defined as a blood glucose level <70 mg/dL (3.9 mmol/L) (25). Our study measured blood glucose using point-of-care capillary blood glucose testing with standard hospital-grade glucometers (OneTouch VerioVue). All glucometers undergo regular calibration and quality control checks by our hospital’s standard operating procedures, and all measurements are performed by trained nursing staffs. Hypoglycemia was determined based on documentation from the Nursing Electronic Case and Hospital Information System.




2.4 Sample size calculation

This is a retrospective cohort study aimed at establishing a risk prediction model for hypoglycemia in patients with T2DM after gastrointestinal tumor surgery. Therefore, calculating the target sample size for modeling primarily refers to the method used for estimating the sample size in the risk prediction model. Sun Yaqing considered the number of events in the outcome variable to be 5–10 times the number of independent variables included in the model (26). In this risk prediction model analysis, we intend to include 16 variables. In the training cohort of this study model, 109 patients experienced hypoglycemia events, meeting the study’s requirements. In 2022, a survey found that the incidence of hypoglycemia in T2DM patients after gastrointestinal surgery was 8.37% in our hospital. So, the total adequate sample size required for the model construction part of this study was 956 cases. There were 982 patients who were suitable for modeling analysis, and 298 were validated.





2.5 Statistical analysis

Data processing and analysis were performed using SPSS software (version 22.0) and R software (version 3.6.0). Statistical tests were two-sided, with a P value of <0.05 indicating statistical significance. We used the method of mean imputation to deal with missing data. Missing data included HbA1c (1.42%), total cholesterol (0.70%), body mass index (0.67%), and triglycerides (0.70%). We describe continuous data in terms of median (quartile) and categorical data in terms of frequency (%). Pearson Chi-square tests or Fisher precision tests evaluated categorical variables. The Mann-Whitney U test was used to analyze continuous variables. Risk factors were initially identified through single-factor logistic regression (p < 0.05) and then entered into multivariate logistic regression analysis. Forward stepwise regression was used to select the variables that eventually entered the model. The receiver operating characteristic (ROC) analysis and calibration plots were used to evaluate the model’s discrimination (ability to distinguish between patients with and without hypoglycemia risk) and calibration (consistency between predicted and observed hypoglycemia risk probabilities), respectively. The clinical usefulness of the nomogram was assessed using decision curve analysis.




2.6 Development and validation of the hypoglycemia model

The data included the period from January 2018 to August 2022 as the development cohort (n = 982), as data from other institutions were not available. Therefore, data from September 2022 to February 2023 were selected to complete external verification (n = 298).

Univariate analyses of all descriptive variables were performed with the occurrence of hypoglycemia (yes/no) as the dependent variable at a significance level of p < 0.10 to screen candidates for multivariate analysis. Subsequently, independent variables were identified through multivariate logistic regression analysis (using a backward stepwise approach), and a predictive model for hypoglycemia following gastrointestinal tumor surgery in T2DM patients was constructed. Based on the multivariate analysis results, a nomogram was created to predict the probability of hypoglycemia after gastrointestinal tumor surgery in patients with T2DM. We utilized the bootstrap resampling method (with 1000 bootstrap resamples) and a five-fold cross-validation test for internal validation of the cohort. External validation of the nomogram was performed using an external validation cohort. Data collection and verification for this external cohort followed the same methodology as that employed for the development cohort.





3 Results



3.1 Patient characteristics

There were 1280 patients enrolled in this study, including a development cohort of 982 patients and a validation cohort of 298 patients. The partial essential characteristics of the subjects in the development cohort were as follows: 647 men (65.9%) and 335 women (34.10%), with 124 cases (12.6%) experiencing hypoglycemia. In the validation cohort, there were 203 men (68.10%) and 95 women (31.9%), with 15 cases of hypoglycemia accounting for 11.1%. The demographic characteristics of patients in the development and validation cohorts were consistent and showed no statistically significant differences. Table 1 delineates the patient characteristics.


Table 1 | General clinical characteristics and related variables of patients.
	Variable
	Total (n = 1280)
	Developing cohort
	Validation cohort
	P value


	(n = 982)
	(n = 298)



	Sex:
	 
	 
	 
	0.692


	 Male
	850 (66.4%)
	647 (65.9%)
	203 (68.1%)
	 


	 Female
	430 (33.6%)
	335 (34.1%)
	95 (31.9%)
	 


	Age group (y):
	 
	 
	 
	0.108


	 18–34
	9 (0.70%)
	7 (0.7%)
	2 (0.7%)
	 


	 35–59
	221 (17.3%)
	166 (16.9%)
	55 (18.5%)
	 


	 ≥60
	1050 (82.0%)
	809 (82.4%)
	241 (80.8%)
	 


	Drink:
	 
	 
	 
	0.389


	 No
	969 (75.7%)
	739 (75.3%)
	230 (77.2%)
	 


	 Yes
	311 (24.3%)
	243 (24.7%)
	68 (22.8%)
	 


	Smoking:
	 
	 
	 
	0.462


	 No
	964 (75.3%)
	736 (74.9%)
	228 (76.5%)
	 


	 Yes
	316 (24.7%)
	246 (25.1%)
	70 (23.5%)
	 


	Hypertension:
	 
	 
	 
	0.548


	 No
	843 (65.9%)
	643 (65.5%)
	200 (67.1%)
	 


	 Yes
	437 (34.1%)
	339 (34.5%)
	98 (32.9%)
	 


	Duration of diabetes
	1.00 [1.00; 5.00]
	1.00 [1.00; 5.00]
	1.00 [1.00; 5.00]
	0.379


	Kidney disease:
	 
	 
	 
	1


	 No
	1269 (99.1%)
	974 (99.2%)
	295 (99.0%)
	 


	 Yes
	11 (0.9%)
	8 (0.8%)
	3 (1.0%)
	 


	Digestive tract bypass reconstruction
	 
	 
	 
	0.563


	 No
	953 (74.5%)
	727 (74.1%)
	226 (75.8%)
	 


	 Yes
	327 (25.5%)
	255 (25.9%)
	72 (24.2%)
	 


	Hypoglycemic administration methods:
	 
	 
	 
	0.894


	 Others
	1160 (90.6%)
	888 (90.4%)
	272 (91.3%)
	 


	 Subcutaneous
	111 (8.7%)
	87 (8.87%)
	24 (8.03%)
	 


	 Taken orally
	9 (0.70%)
	7 (0.71%)
	2 (0.67%)
	 


	Intraoperative hypoglycemic administration methods:
	 
	 
	 
	0.681


	 No
	1273 (99.46%)
	976 (99.4%)
	297 (99.66%)
	 


	 Bolus insulin
	7 (0.54%)
	6 (0.60%)
	1 (0.34%)
	 


	Hypoglycemic agents were used 1 day after surgery:
	 
	 
	 
	1


	 Intravenous infusion
	1216 (95.0%)
	933 (95.0%)
	283 (94.97%)
	 


	 Subcutaneous injection
	64 (5.0%)
	49 (4.99%)
	15 (5.03%)
	 


	Preoperative nutritional support mode:
	 
	 
	 
	0.214


	 No
	159 (12.4%)
	126 (12.83%)
	33 (11.0%)
	 


	 Parenteral
	343 (26.8%)
	254 (25.86%)
	89 (30.0%)
	 


	 Enteral
	88 (6.9%)
	66 (6.72%)
	22 (7.4%)
	 


	 Enteral+Parenteral
	690 (53.9%)
	536 (54.6%)
	154 (51.6%)
	 


	Preoperative fasting time:
	 
	 
	 
	0.772


	 >24 h
	1089 (85.1%)
	834 (84.9%)
	255 (85.6%)
	 


	 ≤24 h
	191 (14.9%)
	148 (15.1%)
	43 (14.4%)
	 


	The standard deviation of blood glucose levels over multiple days
	2.00 [1.38; 2.90]
	2.04 [1.40; 2.86]
	1.92 [1.28; 2.99]
	0.576


	Maximum range of blood glucose fluctuations over multiple days
	6.50 [4.00; 10.0]
	6.60 [4.00; 9.88]
	6.00 [3.90; 10.4]
	0.453


	Blood glucose fluctuation on the day of surgery
	−1.00 [−1.00; 0.5]
	−1.00 [−1.00; 0.58]
	−1.00 [−1.00; 0.44]
	0.926


	Operation duration (h)
	210 [170; 270]
	210 [170; 274]
	210 [172; 260]
	0.579


	TC (mmol/L)
	4.29 [3.54; 5.08]
	4.28 [3.55; 5.05]
	4.37 [3.54; 5.14]
	0.568


	TG (mmol/L)
	1.23 [0.92; 1.68]
	1.23 [0.92; 1.70]
	1.23 [0.91; 1.66]
	0.518


	HbA1C (%)
	6.10 [5.50; 6.80]
	6.10 [5.50; 6.80]
	6.10 [5.60; 6.77]
	0.392


	BMI (kg/m2)
	22.5 [20.5; 24.9]
	22.5 [20.4; 24.8]
	22.8 [20.8; 24.9]
	0.242


	The maximum amplitude of blood glucose fluctuation on the day of surgery
	0.00 [0.00; 1.00]
	0.00 [0.00; 1.00]
	0.00 [0.00; 0.90]
	0.965





Values are presented as n (%) and median (IQR); TC, total cholesterol; HbA1c, glycated hemoglobin; TG, triglyceride; BMI, body mass index.






3.2 Predictors through univariate and multivariate logistic regression analysis

We compared the intergroup differences between the non-hypoglycemic and hypoglycemic groups in the developmental cohort. As shown in Table 2, duration of diabetes, operation duration, total cholesterol, glycated hemoglobin, preoperative hypoglycemic administration methods and whether intravenous insulin during surgery were used, preoperative fasting time, use of hypoglycemic agents 1 day after surgery, and blood glucose variability (including the standard deviation of multi-day blood glucose levels, maximum range of blood glucose fluctuations over multiple days, blood glucose fluctuation on the day of surgery, maximum amplitude of blood glucose fluctuation on the day of surgery) were entered into multivariate analysis as candidate variables (p < 0.005). It is worth noting that age (p = 0.089) showed a trend toward significance, suggesting a potential association with the risk of hypoglycemia, although this association was not statistically significant. The method of gastrointestinal reconstruction (p = 0.154) was not significantly related to hypoglycemia.


Table 2 | Univariate analysis of influencing factors on the risk of hypoglycemia after gastrointestinal tumor surgery in patients with T2DM.
	Variable
	Developing cohort (n = 982)
	No hypoglycemia (n = 858)
	Hypoglycemia occurred (n = 124)
	P value



	Sex:
	 
	 
	 
	0.484


	 Male
	647 (65.90%)
	559 (65.20%)
	88 (69.30%)
	 


	 Female
	335 (34.10%)
	299 (34.80%)
	36 (30.70%)
	 


	Age group:
	72.0 [62.0; 78.0]
	72.0 [62.0; 78.0]
	74.0 [65.0; 79.0]
	0.089


	Drink:
	 
	 
	 
	0.214


	 No
	739 (75.3%)
	639 (74.50%)
	100 (84.60%)
	 


	 Yes
	243 (24.7%)
	219 (25.50%)
	24 (19.40%)
	 


	Smoke:
	 
	 
	 
	0.935


	 No
	736 (74.9%)
	640 (74.60%)
	96 (77.40%)
	 


	 Yes
	246 (25.1%)
	218 (25.40%)
	28 (22.60%)
	 


	Hypertension:
	 
	 
	 
	0.343


	 No
	639 (65.10%)
	565 (65.85%)
	74 (59.70%)
	 


	 Yes
	343 (34.90%)
	293 (34.15%)
	50 (40.30%)
	 


	Duration of diabetes
	1.00 [1.00; 5.00]
	1.00 [1.00; 5.00]
	2.00 [1.00; 10.0]
	<0.001


	Kidney disease:
	 
	 
	 
	0.565


	 No
	974 (99.2%)
	852 (99.3%)
	122 (99.0%)
	 


	 Yes
	8 (0.77%)
	6 (0.7%)
	2 (0.99%)
	 


	Digestive tract bypass reconstruction:
	 
	 
	 
	0.154


	 No
	727 (74.1%)
	640 (74.60%)
	84 (67.70%)
	 


	 Yes
	255 (25.9%)
	218 (25.40%)
	40 (32.30%)
	 


	Operation duration
	210 [170; 274]
	205 [165; 270]
	260 [195; 295]
	<0.001


	TC (mmol/L)
	4.28 [3.55; 5.05]
	4.32 [3.63; 5.06]
	3.83 [2.92; 4.93]
	0.001


	TG (mmol/L)
	1.23 [0.92; 1.70]
	1.24 [0.93; 1.70]
	1.12 [0.86; 1.74]
	0.157


	HbA1C (%)
	6.10 [5.50; 6.80]
	6.00 [5.50; 6.70]
	6.40 [5.50; 7.20]
	0.044


	BMI (kg/m2)
	22.5 [20.4; 24.8]
	22.5 [20.5; 24.9]
	22.0 [19.6; 24.7]
	0.089


	Preoperative hypoglycemic administration methods:
	 
	 
	 
	<0.001


	 Others
	888 (90.4%)
	802 (93.50%)
	86 (69.40%)
	 


	 Subcutaneous
	87 (8.87%)
	51 (5.94%)
	36 (29.03%)
	 


	 Taken orally
	7 (0.71%)
	5 (0.58%)
	2 (1.60%)
	 


	Intraoperative hypoglycemic administration methods:
	 
	 
	 
	0.003


	 No
	976 (99.4%)
	856 (99.77%)
	120 (96.77%)
	 


	 Bolus insulin
	6 (0.60%)
	2 (0.23%)
	4 (3.23%)
	 


	Hypoglycemic agents were used 1 day after surgery:
	 
	 
	 
	<0.001


	 Intravenous infusion
	933 (95.0%)
	826 (96.30%)
	107 (86.30%)
	 


	 Subcutaneous injection
	49 (4.99%)
	32 (3.70%)
	17 (13.70%)
	 


	Preoperative nutritional support mode:
	 
	 
	 
	0.143


	 No
	126 (12.83%)
	112 (13.05%)
	14 (11.30%)
	 


	 Parenteral
	254 (25.86%)
	210 (24.50%)
	44 (33.70%)
	 


	 Enteral
	66 (6.72%)
	58 (6.76%)
	8 (6.45%)
	 


	 Enteral+Parenteral
	536 (54.6%)
	478 (55.7%)
	58 (46.77%)
	 


	Preoperative fasting time:
	 
	 
	 
	<0.001


	 >24 h
	834 (84.9%)
	777 (90.60%)
	57 (45.97%)
	 


	 ≤24 h
	148 (15.1%)
	81 (9.40%)
	67 (54.03%)
	 


	The standard deviation of blood glucose levels over multiple days
	2.04 [1.40; 2.86]
	1.97 [1.37; 2.73]
	2.33 [1.86; 3.20]
	<0.001


	Maximum range of blood glucose fluctuations over multiple days
	6.60 [4.00; 9.88]
	6.30 [3.90; 9.50]
	8.50 [6.00; 13.1]
	<0.001


	Blood glucose fluctuation on the day of surgery
	−1.00 [−1.00; 0.5]
	−1.00 [−1.00; 0.21]
	0.85 [−1.00; 2.8]
	<0.001


	The maximum amplitude of blood glucose fluctuation on the day of surgery
	0.00 [0.00; 1.00]
	0.00 [0.00; 0.30]
	1.20 [0.00; 4.70]
	<0.001





TC, total cholesterol; HbA1c, glycated hemoglobin; TG, triglyceride; BMI, body mass index.



Following multivariate logistic regression analysis, five predictors—duration of diabetes, operation duration, preoperative fasting time, preoperative hypoglycemic administration methods (subcutaneous), and blood glucose fluctuation on the day of surgery—were identified and included in the predictive model of hypoglycemia risk following gastrointestinal tumor surgery (Table 3). A nomogram of hypoglycemia following gastrointestinal tumor surgery in patients with T2DM was developed based on logistic regression analysis results and is presented in Figure 1.


Table 3 | Multivariate analysis of influencing factors on the risk of hypoglycemia after gastrointestinal tumor surgery in patients with T2DM.
	Variables in the equation model
	B
	SE
	Wald
	Odds ratio (OR)
	95% CI*
	P value



	Duration of diabetes
	0.064
	0.022
	8.752
	1.067
	1.022–1.113
	0.003


	Operation duration
	0.005
	0.001
	16.137
	1.005
	1.003–1.008
	0.000


	Preoperative hypoglycemic administration methods
	 
	 
	7.291
	 
	 
	0.026


	 Subcutaneous
	0.915
	0.342
	7.148
	2.497
	1.277–4.883
	0.008


	 Taken orally
	0.591
	0.951
	0.386
	1.806
	0.280–11.652
	0.534


	Preoperative fasting time
	2.282
	0.266
	73.640
	9.795
	5.817–16.496
	0.000


	Blood glucose fluctuation on the day of surgery
	0.214
	0.060
	12.502
	1.238
	1.100–1.394
	0.000


	Constant
	−4.369
	0.415
	110.963
	0.013
	 
	0.000





*CI, confidence interval.



[image: Nomogram for predicting hypoglycemia probability. The chart includes points for course of disease, operation duration, preoperative hypoglycemic regimen (oral or subcutaneous), preoperative fasting time (less than or more than 24 hours), and blood glucose fluctuation on surgery day. These factors contribute to total points, indicating hypoglycemia probability.]
Figure 1 | A predictive nomogram for hypoglycemia following gastrointestinal tumor surgery in patients with T2DM.

In addition, we used violin plots to illustrate the distribution of data for three different influencing factors of hypoglycemia in patients with T2DM who underwent gastrointestinal tumor surgery, thereby verifying the robustness of the model on an independent dataset. We found that the distribution of these variables was significantly different between patients who experienced hypoglycemia and those who did not (P < 0.001) (Figure 2). In summary, these violin plots demonstrate that in both the training and validation cohorts, patients with a longer duration of diabetes, longer surgical duration, and more significant blood glucose variability on the day of surgery were more likely to experience hypoglycemia following gastrointestinal tumor surgery. These factors may be potential risk factors for postoperative hypoglycemia.

[image: Violin plots comparing hypoglycemia presence in training and validation cohorts. Plots A and D show course of disease, B and E show operation duration, and C and F show blood glucose fluctuation on surgery day. Significant differences (P<0.001) are noted between groups with and without hypoglycemia.]
Figure 2 | The distribution of continuous predictor variables between the groups with and without hypoglycemia. Plots (A, D) show course of disease, (B, E) show operation duration, and (C, F) show blood glucose fluctuation on surgery day.




3.3 The performance of development and validation cohorts

The area under the ROC curve (AUC) for predicting hypoglycemia was 0.837 (95% CI, 0.792–0.882) and 0.885 (95% CI, 0.829–0.941) in the development and validation cohorts, respectively (Figures 3A, B), indicating that the model demonstrated good discrimination ability in the validation cohort. The calibration curves revealed a favorable alignment between the predicted and observed cohort probabilities (Figures 3C, D). According to the decision curve analysis, when the model’s threshold is set between 6% and 85%, the decision curve lies above the “none” and “all” lines (Figures 3E, F). This indicates that, within this range, the model provides a positive net benefit.

[image: Graphs displaying model performance for hypoglycemia prediction:  A) ROC curve for the Development Cohort shows AUC of 0.837.   B) ROC curve for the External Cohort shows AUC of 0.885.   C) Calibration curve for the Development Cohort, comparing predicted and actual hypoglycemia.   D) Calibration curve for the External Cohort.   E) Decision curve for the Development Cohort, illustrating net benefit against threshold probability.   F) Decision curve for the External Cohort.]
Figure 3 | (A, B) ROC curves for development and external cohort. (C, D) Calibration curve for development and external cohort. (E, F) The decision curves for development and external cohort.





4 Discussion



4.1 Model overview and clinical significance

Our study showed an incidence of 12.6% for hypoglycemia after gastrointestinal tumor surgery in patients with T2DM, which was similar to the report of Huiwu et al. (24). In the data we collected, it was found that about 30% of hypoglycemia occurred on the 2nd to 8th day after surgery. Therefore, it is important to evaluate high-risk patients using this nomogram on the 1st day after surgery and strengthen blood glucose management to reduce its incidence.

This study conducted an in-depth analysis of multiple risk factors associated with hypoglycemia after gastrointestinal tumor surgery in patients with T2DM. Ultimately, we found that the five risk factors were duration of diabetes, duration of the operation, preoperative fasting time, preoperative hypoglycemic administration methods, and blood glucose fluctuation on the day of surgery. Therefore, a predictive model for postoperative hypoglycemia risk in patients with T2DM was constructed; its predictive performance was evaluated using a receiver operating characteristic (ROC) curve, calibration curve, and decision curve analysis. The results show that the column chart has the characteristics of prediction accuracy, consistency, and clinical applicability.




4.2 Key predictive factors and clinical implications



4.2.1 Duration of diabetes

Our study found that a longer duration of diabetes is an independent risk factor for hypoxemia after gastrointestinal tumor surgery in patients with T2DM. Compared with patients with diabetes lasting <10 years, patients with diabetes lasting ≥10 years had a 2.736-fold increased risk of hypoglycemia. This is consistent with previous research (27, 28). It was suggested that special attention should be paid to patients with long-term diabetes after surgery, and effective preventive measures should be taken to reduce the risk of hypoglycemia. Some measures could include increasing the frequency of blood glucose monitoring, and the medication regimen should be adjusted promptly to reduce the risk of postoperative hypoglycemia. Collaboration of multidisciplinary teams was essential for developing and implementing blood glucose management strategies (29).




4.2.2 Operation duration

Our study found that longer operation duration was an independent risk factor for postoperative hypoglycemia. Prolonged surgery leads to increased fasting, which may further deplete the patient’s glucose reserves, increasing the risk of hypoglycemia (30). Studies (31, 32) have shown that patients using Ringer’s solution, isotonic NaCl solution, and amino acid supplement during operation are more prone to hypoglycemia, and intraoperative glucose supplement is an effective measure to prevent hypoglycemia. Therefore, blood glucose monitoring is crucial during surgery, especially for patients undergoing prolonged surgical procedures. Continuous blood glucose monitoring (CGM) systems are recommended to achieve continuous tracking and timely response to patients’ blood glucose levels. In addition, patients may delay eating and drinking due to discomfort such as pain, nausea, and vomiting after surgery, all of which may further affect their blood glucose levels. Therefore, it was imperative to reduce the risk of hypoglycemia through close monitoring of blood glucose during and after surgery and ensure the safety and comfort of patients.




4.2.3 Duration of fasting

Our study demonstrated that the duration of fasting before surgery was a significant factor in the development of hypoglycemia. Preoperative fasting was a standard preparation measure before gastrointestinal tumor surgery, mainly to reduce the risk of intraoperative and postoperative complications (30). However, our study suggested an association between prolonged fasting before surgery and an increased risk of hypoglycemia: prolonged fasting might interfere with patients’ metabolic status and insulin sensitivity. These changes might reduce the level of insulin in the body, which increases the risk of hypoglycemia (32). All of the above factors might cause blood glucose fluctuations in patients before and on the day of surgery, which in turn leads to the risk of hypoglycemia after surgery. In our study, we included 1280 patients with gastrointestinal tumors, of whom 1089 (about 85.1%) had fasted for more than 24 hours before surgery. This phenomenon was primarily attributed to the patient’s gastrointestinal dysfunction or the anticipation of the surgery’s complexity. With the promotion of rapid rehabilitation surgery (30), the preoperative fasting time has been significantly shortened. Several prospective, randomized controlled studies (33, 34) have confirmed that consuming oral carbohydrate liquids before surgery can shorten the length of hospital stay and reduce the incidence of postoperative complications. However, further research is needed to determine whether it is suitable for patients with diabetes. Additionally, uncertainty about the timing of surgery may cause patients to extend their fasting time to accommodate potential changes in the surgery schedule. Therefore, we needed to reasonably plan the preoperative fasting time and formulate a nutritional treatment plan that could effectively reduce the risk of hypoglycemia.




4.2.4 Preoperative hypoglycemic administration methods (subcutaneous)

Patients undergoing surgery for gastrointestinal tumors are typically provided with nutritional support during the perioperative period (35). Among the 1280 cases in our study, preoperative nutritional support accounted for 87.6%, including 343 cases (26.8%) of preoperative parenteral nutrition and 690 cases (53.9%) of preoperative parenteral and enteral combined nutrition.

Hyperglycemia is extremely common in both diabetic and non-diabetic patients receiving nutritional therapy. Compared with enteral nutrition (EN), patients treated with parenteral nutrition (PN) are more likely to have significant hyperglycemia because PN bypasses glucagon-like peptide-1 and gastric inhibitory polypeptide in the gastrointestinal tract, resulting in the loss of the incretin effect (36). Numerous studies (37) have confirmed an association between enteral nutrition and parenteral nutrition, which is associated with hyperglycemia and poor clinical outcomes. In addition, patients with severe or postoperative surgery often suffer from hyperglycemia due to stress, so strict monitoring of blood glucose and intensive insulin therapy strategies would be implemented. However, intensive blood glucose control may also be associated with an increased risk of hypoglycemia (38). In the data analysis of this study, we found that 8.7% of patients used subcutaneous insulin injections before surgery. In the multifactor regression model, this administration mode was identified as an independent factor affecting the risk of postoperative hypoglycemia, which was significantly correlated with the occurrence of hypoglycemic events. We recommend using an insulin pump in combination with a continuous blood glucose monitoring system to monitor blood glucose fluctuations and adjust the treatment plan promptly, ensuring blood glucose control while reducing the occurrence of hypoglycemia.




4.2.5 Fluctuation of blood glucose on the day of surgery

Blood glucose fluctuations encompass short-term diurnal and intraday variations, as well as long-term variations in glycosylated hemoglobin. There is a close relationship between the risk of hypoglycemia and blood glucose fluctuations. We use standard deviation of blood glucose (SDBG) to supplement changes in blood glucose fluctuations. The standard deviation of blood glucose (SDBG) is a key measure of blood glucose dispersion. A higher SDBG reflects greater glycemic variability, while a lower SDBG indicates more stable blood glucose levels. Our study found that higher SDBG was associated with an increased risk of postoperative hypoglycemia, especially blood glucose fluctuations on the day of surgery. Compared with diabetics with an SDBG <3.0 mmol/L, diabetics with an SDBG ≥3.0 mmol/L had a 2.897-fold increased risk of postoperative hypoglycemia. This is similar to the study by Yuan SJ et al. (38). The fluctuation of blood glucose on the day of surgery may be a key influencing factor of postoperative hypoglycemia. This factor had not been mentioned in previous studies. Nervous psychological state before surgery, fasting before surgery, and surgery may bring significant blood glucose fluctuations, which can easily cause hypoglycemia. Some measures, including the reasonable adjustment of hypoglycemic treatment before surgery and the strengthening blood glucose monitoring before surgery, can reduce the occurrence of hypoglycemia. Nurses, in particular, need to be aware of the potential discomfort that preoperative patients may experience due to the surgery. Nurses can help alleviate patients’ anxiety by explaining the surgical process and providing comfort and emotional support. Additionally, our study observed that anesthesiologists regularly monitored arterial blood gases to obtain glucose values and administered intravenous insulin injections promptly to control blood glucose levels effectively. The occurrence of hypoglycemia was closely related to the speed and amplitude of blood glucose decline. In the results of the univariate analysis, we also found that whether insulin was used during the operation was a significant factor in the occurrence of hypoglycemia. Nurses should pay special attention to the intraoperative blood glucose status and implement more frequent blood glucose monitoring to be prepared to respond promptly to any signs of hypoglycemia.





4.3 Implications for clinical practice

Emaciation in patients with gastrointestinal tumors results from multiple factors, which may be related to the energy consumption of the tumor itself, the reduction of nutritional intake of patients, metabolic disorders, psychological factors, and other aspects. Although body mass index was not a factor in hypoglycemia after gastrointestinal tumor surgery in T2DM patients in our study, multiple studies have reported a negative correlation between body mass index and hypoglycemia (39, 40). This may be the reason why patients with gastrointestinal tumors are more prone to hypoglycemia than other populations. Therefore, clinical attention should still be paid to postoperative hypoglycemia in T2DM patients with low body mass index. In addition, several studies have confirmed that gastric bypass surgery can significantly improve blood glucose control in patients with T2DM, achieving therapeutic effects (19, 41, 42). In this study, we did not find a significant correlation between different methods of digestive tract reconstruction surgery and the risk of postoperative hypoglycemia. This outcome might stem from the restricted follow-up period in our research. Some studies indicate that patients with T2DM may experience hypoglycemic events in the short term (within a few days to a few weeks) after gastric tumor surgery and that the risk of hypoglycemia may be further increased in the more extended postoperative period (1 to 12 months) due to dietary and lifestyle adjustments (43, 44). Thus, in future research, we plan to extend the follow-up period and systematically monitor the long-term incidence of hypoglycemia. This approach will allow for a comprehensive assessment of whether different reconstructive surgical methods affect the risk of hypoglycemia over time, particularly during the critical postoperative adaptation phase. In addition, healthcare professionals are encouraged to monitor the blood glucose levels in T2DM patients discharged after gastrointestinal tumor surgery. Enhanced patient education on home-based self-care can help patients better manage their condition and reduce the risk of hypoglycemia.

Continuous glucose monitoring (CGM) is highly valuable in perioperative glycemic management. Unlike traditional blood glucose testing, CGM provides continuous real-time data with measurements every 5 minutes, uncovering missed glucose fluctuations. This allows timely interventions to prevent complications. CGM also quantifies glycemic variability using the coefficient of variation (CV), helping to identify high-risk patients. Personalized strategies guided by CV can reduce adverse effects of glucose swings. Moreover, CGM improves clinical outcomes by detecting abnormalities during critical periods like preoperative fasting and the early postoperative phase, enabling targeted insulin and dietary adjustments (31, 38, 45). In summary, CGM enhances hypoglycemia management precision through high-frequency tracking, variability analysis, and real-time alerts. It provides crucial data for early interventions, minimizing hypoglycemia-related morbidity and improving patient outcomes. This technology has the potential to be widely adopted in clinical practice.




4.4 Study limitations

Despite the strengths of our study, several limitations should be acknowledged. First, the retrospective design limits the ability to establish causality. While our model identifies associations between predictors and hypoglycemia occurrence, prospective studies are necessary to confirm these findings and refine the model. Second, the lack of data from other institutions restricts accurate external validation. Although internal validation was performed, external validation in diverse populations and varied care settings is needed to confirm the model’s universal applicability across different clinical environments. To enhance the external validity and broaden the applicability of our model, we will conduct a multicenter study incorporating diverse populations from various geographical regions, ethnic backgrounds, and medical environments. Our research design will include a wide array of patient characteristics and variables to better reflect population diversity and strengthen the model’s generalization capability.

Additionally, this study did not consider factors related to tumor origin. Future research should expand the sample size to investigate this aspect. This includes using subgroup analyses to examine how primary tumor location, TNM staging, metastasis, and combination therapies (such as chemotherapy with or without radiotherapy or immunotherapy) affect blood glucose homeostasis.





5 Conclusions

We presented a nomogram to predict the risk for hypoglycemia after gastrointestinal tumor surgery in patients with T2DM. This tool proved efficient and precise for initial screening. This new nomogram could help surgical nurses assess individual patient risks and implement appropriate preventive measures.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The study protocol was approved by the Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University (approval no. 2024-2278-01) and was performed in line with the principles of the Declaration of Helsinki. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin because this is a retrospective cohort study. Given that the patient files used in this study were acquired from previous clinical data, the hospital ethics committee granted the waiver of informed consent.





Author contributions

HLY: Conceptualization, Data curation, Funding acquisition, Investigation, Project administration, Writing – original draft, Writing – review & editing. SY: Data curation, Formal Analysis, Methodology, Writing – review & editing. HP: Writing – review & editing, Supervision. SH: Conceptualization, Data curation, Writing – review & editing, Investigation. CH: Data curation, Writing – review & editing. LZ: Writing – review & editing, Supervision. HDY: Funding acquisition, Writing – review & editing, Investigation. LM: Writing – review & editing, Investigation. YZ: Writing – review & editing, Investigation. XL: Resources, Writing – review & editing. WL: Resources, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the research grant from the Department of Education Natural Science Fund Project of Zhejiang Province (grant number Y202351332), the Department of Education Natural Science Fund Project of Zhejiang Province (grant number Y202146259), and Zhejiang Provincial Health Commission fund project (grant number 2023KY812).




Acknowledgments

We appreciate the participants for their contributions.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Sung, H, Ferlay, J, Siegel, R, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660, PMID: 33538338


	 Wang, Y, Yan, Q, Fan, C, Mo, Y, Wang, Y, Li, X, et al. Overview and countermeasures for cancer burden in China. Sci China Life Sci. (2023) 66(11):2515–26. doi: 10.1007/s11427-022-2240-6, PMID: 37071289


	 Chinese Diabetes Society. Guideline for the prevention and treatment of type 2 diabetes mellitus in China (2024 edition). Chin J DiabetesMellitus. (2025) 17:16–139. doi: 10.3760/cma.j.cn115791-20241203-00705


	 Collaborators GMAC. Global, regional, and national age-sex-specific and cause-specific mortality for 240 causes of death, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. (2015) 385:117–71. doi: 10.1016/S0140-6736(14)61682-2, PMID: 25530442


	 GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: A systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2023) 402:1132. doi: 10.1016/S0140-6736(23)02044-5, PMID: 37777332


	 Abudawood, M. Diabetes and cancer: A comprehensive review. J Res Med Sci. (2019) 24:94. doi: 10.4103/jrms.JRMS_242_19, PMID: 31741666


	 Song, BJ, Chang, YY, Li, SY, and Zhou, J-C. Research progress on the relationship between perioperative blood glucose changes and postoperative mortality. Chin Lab Diagn. (2018) 22:167–70. doi: 1007.4287(2018)01.0167.04



	 Jiang, J, Li, S, Zhao, Y, Zhou, Z, Zhang, J, Sun, R, et al. Intensive glucose Control during the perioperative period for diabetic patients undergoing surgery: An updated systematic review and meta-analysis. J Clin Anesth. (2021) 75:110504. doi: 10.1016/j.jclinane.2021.110504, PMID: 34509960


	 Liu, Z, Dai, J, He, X, Li, J, Zhang, H, Ji, C, et al. Identification of Risk Factors and Development of a Predictive Model for Postoperative Hypoglycemia among Diabetic Patients during the Perioperative Period. Int J Endocrinol. (2023) 2023:8033101. doi: 10.1155/2023/8033101, PMID: 37675290


	 Bellon, F, Solà, I, Gimenez-Perez, G, Hernández, M, Metzendorf, MI, Rubinat, E, et al. Perioperative glycaemic control for people with diabetes undergoing surgery. Cochrane Database Syst Rev. (2023) 8:CD007315. doi: 10.1002/14651858, PMID: 37526194


	 Cruz, P. Inpatient hypoglycemia: The challenge remains. J Diabetes Sci Technol. (2020) 14:560–6. doi: 10.1177/1932296820918540, PMID: 32389071


	 Ye, Y, Yan, C, Hu, ST, He, Y, Li, X, Zhou, Q-H, et al. Analysis of Influencing factors of postoperative hypoglycemia in patients with T2DM [J. Chin J Nurs Management. (2022) 22:631–6. doi: 10.3969/j.issn.1672-1756.2022.04.029


	 Liao, YY, and Zhou, PR. Research progress of influencing factors and predicting models of hypoglycemia events in diabetic patients. Evidence-Based Nurs. (2022) 8:474–8. doi: 10.12102/j.issn.2095-8668.2022.04.008


	 Xu, XW, Zhu, J, Li, LX, Tang, LM, Zhang, LH, Huang, LH, et al. Research progress of influencing factors of Hypoglycemia in postoperative patients. Chin J Crit Care Med (Electronic edition). (2021) 14:349–52. doi: 10.3877/cma.j.issn.1674-6880.2021.04.019


	 Mandolfo, N. A·Berger.Glycemic variability in patients with gastrointestinal cancer: An integrative review. J Eur J Oncol Nurs. (2020) 101797:1532–2122. doi: 10.1016/j.ejon.2020.101797, PMID: 32862096


	 Kim, JH, Huh, YJ, Park, S, Park, YS, Park, DJ, Kwon, JW, et al. Multicenter results of long-limb bypass reconstruction after gastrectomy in patients with gastric cancer and type II diabetes. Asian J Surg. (2020) 43:297–303. doi: 10.1016/j.asjsur.2019.03.018, PMID: 31060769


	 Dong, Gl, and Xu, X. Mechanism of gastric bypass surgery for the treatment of type 2 diabetes mellitus. Chin J Gastrointestinal Surgery. (2014) 17:737–74. doi: 10.3760/cma.j.issn.1671-0274.2014.07.030


	 Choi, YY, Noh, SH, and An, JY. A randomized controlled trial of Roux-en-Y gastrojejunostomy vs. gastroduodenostomy with respect to the improvement of type 2 diabetes mellitus after distal gastrectomy in gastric cancer patients. PloS One. (2017) 12:e0188904. doi: 10.1371/journal.pone.0188904, PMID: 29216250


	 Butler, AA, and Havel, PJ. Adropin and insulin resistance: Integration of endocrine, circadian, and stress signals regulating glucose metabolism. Obes (Silver Spring). (2021) 29:1799–801. doi: 10.1002/oby.23249, PMID: 34549523


	 Ruan, Y, Bellot, A, Moysova, Z, Tan, GD, Lumb, A, Davies, J, et al. Electronic health records can be used to predict the risk of inpatient hypoglycemia with machine learning. Diabetes Care. (2020) 43:1504–11. doi: 10.2337/dc19-1743, PMID: 32350021


	 Yu, HQ. Development of Hypoglycemic Risk Assessing Model for Diabetes Patients: Based on systematic review. Tianjinof China: Tianjin Medical University (2020). doi: 10.27366/d.cnki.gtyku.2020.000866


	 Schroeder, EB, Xu, S, Goodrich, GK, Nichols, GA, O’Connor, PJ, Steiner, JF, et al. Predicting the 6-month risk of severe Hypoglycemia among adults with diabetes: development and external validation of a prediction model. J Diabetes Complications. (2017) 31:1158–63. doi: 10.1016/j.jdiacomp.2017.04.004, PMID: 28462891


	 Heller, S, Lingvay, I, Marso, SP, Philis-Tsimikas, A, Pieber, TR, Poulter, NR, et al. Development of a hypoglycemia risk score To identify high-risk individuals with advanced type 2 diabetes in DEVOTE. Diabetes Obes Metab. (2020) 22:2248–56. doi: 10.1111/dom.14208, PMID: 32996693


	 Han, H, Lai, J, Yan, C, Li, X, Hu, S, He, Y, et al. Development and validation of a prediction model of perioperative hypoglycemia risk in patients with type 2 diabetes undergoing elective surgery. BMC Surg. (2022) 22:1471–2482. doi: 10.1186/s12893-022-01601-3, PMID: 35538461


	 American Diabetes Association Professional Practice Committee. 6. Glycemic goals and hypoglycemia: standards of care in diabetes-2024. Diabetes Care. (2024) 47, no. Suppl 1:S111–25. doi: 10.2337/dc24-S006, PMID: 38078586


	 Sun, Y. A simulation study was conducted to determine the required number of independent variable events with logistic regression sample size. Guangzhou, Guangdong Province, China: Southern Medical University (2016).


	 Chantzaras, A, and Yfantopoulos, J. Evaluating the incidence and risk factors associated with mild and severe hypoglycemia in insulin-treated type 2 diabetes. Value Health Regional. (2022) 30:9–17. doi: 10.1016/j.vhri.2021.10.005, PMID: 35033801


	 Zhang, RT, Liu, Y, Sun, C, Wu, QY, Guo, H, Wang, GM, et al. Predicting Hypoglycemia in Elderly inpatients with type 2 diabetes: the ADOCHBIU model. Front Endocrinol. (2024) 15:1366184. doi: 10.3389/fendo.2024.1366184, PMID: 39610841


	 Yao, HL, Yuan, HD, Huang, C, Pan, HY, and Shi, WL. Design and application of an insulin pump whole process management system led by advanced practice nurses for diabetes mellitus. Chin J Nurs. (2023) 58:1166–71. doi: 10.3761/j.issn.0254-1769.2023.10.002


	 Wu, GH, and Tan, SJ. Chinese expert consensus on perioperative whole-course nutrition management for gastrointestinal surgery (2021 Edition). Chin J Pract Surg. (2021) 1):1111–25. doi: 10.19538/j.cjps.issn1005-2208.2021.10.05


	 Carlsson, CJ. Continuous glucose monitoring reveals perioperative hypoglycemia. In most patients with diabetes undergoing major surgery: a prospective cohort study. Ann Surg. (2021) 274:eXXX–X. doi: 10.1097/SLA.0000000000005246, PMID: 35129526


	 McClave, SA, DiBaise, JK, Mullin, GE, and Martindale, RG. ACG clinical guideline: Nutrition therapy in the adult hospitalized patient. Am J Gastroenterol. (2016) 111:315–34. doi: 10.1038/ajg.2016.28, PMID: 26952578


	 Muscaritoli, M, Arends, J, Bachmann, P, Baracos, V, Barthelemy, N, Bertz, H, et al. ESPEN practical guideline:Clinical Nutrition in Cancer. Clin Nutr. (2021) 40:2898–913. doi: 10.1016/j.clnu.2021.02.005, PMID: 33946039


	 Wischmeyer, PE, Carli, F, Evans, DC, Guilbert, S, Kozar, R, Pryor, A, et al. American society for enhanced recovery and perioperative quality initiative joint consensus statement on nutrition screening and therapy within a surgically enhanced recovery pathway. Anesth Analg. (2018) 126:1883–95. doi: 10.1213/ANE.0000000000002743, PMID: 29369092


	 Wang, J, Liu, X, Pan, H, Xu, Y, Wu, M, Li, X, et al. Construction and validation of a risk-prediction model for anastomotic leakage after radical gastrectomy: A cohort study in China. LAPAROSCOPIC ENDOSCOPIC AND ROBOTIC Surg. (2024) 7:34–43. doi: 10.1016/j.lers.2024.02.003


	 Marathe, CS, Rayner, CK, Bound, M, Checklin, H, Standfield, S, Wishart, J, et al. Small intestinal glucose exposure determines the magnitude of the incretin effect on health and type 2 diabetes. Diabetes. (2014) 63:2668–75. doi: 10.2337/db13-1757, PMID: 24696447


	 Polavarapu, P, Pachigolla, S, and Drincic, A. Glycemic management of hospitalized patients receiving nutrition support. Diabetes Spectr. (2022) 35:427–39. doi: 10.2337/dsi22-0010, PMID: 36561651


	 Yuan, SJ, and Shen, J. Increased preoperative glucose variability is associated with adverse Perioperative outcomes following orthopedic surgery in patients with type 2 diabetes mellitus. Curr Med Sci. (2020) 40:523–9. doi: 10.1007/s11596-020-2209-x, PMID: 32681255


	 Yun, JS, Park, YM, Han, K, Cha, SA, Ahn, YB, Ko, SH, et al. Association between BMI and risk of severe Hypoglycemia in type 2 Diabetes. Diabetes Metab. (2019) 45:19–25. doi: 10.1016/j.diabet.2018.03.006, PMID: 29678506


	 Gu, W, Ren, Y, Ji, L, Hong, T, Mu, Y, Guo, L, et al. Nonliearassociation of risk factors with mild Hypoglycemia among Chinese patients with type 2 diabetes. J Diabetes Complications. (2016) 30:462–8. doi: 10.1016/j.jdiacomp.2015.12.024, PMID: 26817860


	 Shi, Z, Wang, ZJ, Zheng, R, Zhang, X, Pang, T, Nie, MM, et al. Impact of different gastrointestinal reconstruction methods on blood glucose in patients with distal gastric cancer combined with type 2 diabetes mellitus. Chin J Gen Surg (Electronic Edition). (2016) 10:293–6. doi: 10.3877/cma.j.ssn.1674-3946.2016.04.010


	 Choi, YY, Noh, SH, and An, JY. A randomized controlled trial of Roux-en-Y gastrojejunostomy vs. gastroduodenostomy concerning the improvement of type 2 diabetes mellitus after distal gastrectomy in gastric cancer patients. PloS One. (2017) 12:1932–6203. doi: 10.1371/journal.pone.0188904, PMID: 29216250


	 Ilesanmi, I, Tharakan, G, Alexiadou, K, Behary, P, Alessimii, H, Bovill-Taylor, C, et al. Roux-en-Y gastric bypass increases glycemic variability and time in hypoglycemia in patients with obesity and prediabetes or type 2 diabetes: A prospective cohort study. Diabetes Care. (2021) 2:614–7. doi: 10.2337/dc20-1609, PMID: 33334806


	 Choi, YS, Yi, JW, Shin, WY, and Heo, Y. Oncometabolic surgery in gastric cancer Patients with type 2 diabetes. Sci Rep. (2022) 12:11853. doi: 10.1038/s41598-022-15404-2, PMID: 35831319


	 Kim, K, Choi, SH, Jang, HC, Park, YS, and Oh, TJ. Glucose profiles assessed by intermittently scanned continuous glucose monitoring system during the perioperative period of metabolic surgery. Diabetes Metab J. (2022) 46:1–9. doi: 10.4093/dmj.2021.0164, PMID: 35067012







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Yao, Yuan, Pan, Hong, Huang, Zhao, Yuan, Mei, Zheng, Liu and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1590780-g003.jpg
Net Benefit

Development Cohort External Cohort

True positive rate
True positive rate

00 02 04 06 08 10 00 02 04 06 08 10
False positive rate False positive rate
Development Cohort D External Cohost
[e0)
< S o
= =
: 3
2, £ o
— L = )
20 g
e Q,
= =«
=) = N
4= w ©
o o
'S — Apparent ER - Apparent
b= — Bipaps—corrected g ° — Bias-corrected
= - Ideal < - |deal
o
’ o
0.0 0.2 04 0.6 0.8 0.0 0.2 04 0.6 0.8
Nomogram Predicted of Hypoglycemia Nomogram Predicted of Hypoglycemia
Development Cohort F External Cohort
— Nomogram = —— Nomogram
=) All o All
=} —— None —— None
+ 0
-4 i~ Q
= %S
2
+ O
g 23
8 8
7 s

e S S I —
0.0 02 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Threshold probability Threshold probability






OEBPS/Images/fendo-16-1590780-g001.jpg
0 10 20 30 40 50 60 70 80 90 100

Course of Disease — T

Operation Duration I B e e e B e S e T S
50 150 250 350 450 550 650
) ) ) Take Orally
Preoperative Hypoglycemic Regimen —
Others Subcutaneous
>24
Preoperative Fasting Time -—_— -mr 1
<=24
BIOOd GIUCOSG FIUCtuation I I e I e o o A e e
on the day of Surgery 2 0 2 4 6 8 10 12 14 16 18 20
0 20 40 60 80 100 120 140 160 180 200
Hypoglycemia Of PrObabmty e e e e e e e e T B e |

0.01 005 01 02 0304050607 08 09 095





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Developing cohort No hypoglycemia = Hypoglycemia occurred

Yanable (n = 982) (n = 858) (n = 124)
Sex: 0484
Male 647 (65.90%) 559 (65.20%) 88 (69.30%)
Female 335 (34.10%) 299 (34.80%) 36 (30.70%)
Age group: 72.0 [62.0; 78.0] 72.0 [62.0; 78.0] 74.0 [65.0; 79.0] 0.089
Drink: 0.214
No 739 (75.3%) 639 (74.50%) 100 (84.60%)
Yes 243 (24.7%) 219 (25.50%) 24 (19.40%)
Smoke: 0935
No 736 (74.9%) 640 (74.60%) 96 (77.40%)
Yes 246 (25.1%) 218 (25.40%) 28 (22.60%)
Hypertension: 0.343
No 639 (65.10%) 565 (65.85%) 74 (59.70%)
Yes 343 (34.90%) 293 (34.15%) 50 (40.30%)
Duration of diabetes 1.00 [1.00; 5.00] 1.00 [1.00; 5.00] 2.00 [1.00; 10.0] <0.001
Kidney disease: 0.565
No 974 (99.2%) 852 (99.3%) 122 (99.0%)
Yes 8 (0.77%) 6 (0.7%) 2(0.99%)
Digestive tract bypass reconstruction: 0.154
No 727 (74.1%) 640 (74.60%) 84 (67.70%)
Yes 255 (25.9%) 218 (25.40%) 40 (32.30%)
Operation duration 210 [170; 274] 205 [165; 270] 260 [195; 295) <0.001
TC (mmol/L) 4.28 [3.55; 5.05) 4.32 [3.63; 5.06) 3.83 [2.92; 4.93] 0.001
TG (mmol/L) 1.23 [0.92; 1.70] 1.24 [0.93; 1.70] 1.12 [0.86; 1.74] 0.157
HbAIC (%) 6.10 [5.50; 6.80] 6.00 [5.50; 6.70] 6.40 [5.50; 7.20] 0.044
BMI (kg/m?) 22.5 [20.4; 24.8) 225 [20.5; 24.9] 22.0 (19.6; 24.7) 0.089
Preoperative hypoglycemic administration methods: i <0.001
Others 888 (90.4%) 802 (93.50%) 86 (69.40%)
Subcutaneous 87 (8.87%) 51 (5.94%) 36 (29.03%)
Taken orally 7 (0.71%) 5(0.58%) 2 (1.60%)
Intraoperative hypoglycemic administration methods: 0.003
No 976 (99.4%) 856 (99.77%) 120 (96.77%)
Bolus insulin 6 (0.60%) 2(0.23%) 4(3.23%)
Hypoglycemic agents were used 1 day after surgery: <0.001
Intravenous infusion 933 (95.0%) 826 (96.30%) 107 (86.30%)
Subcutaneous injection 49 (4.99%) 32 (3.70%) 17 (13.70%)
Preoperative nutritional support mode: 0.143
No 126 (12.83%) 112 (13.05%) 14 (11.30%)
Parenteral 254 (25.86%) 210 (24.50%) 44 (33.70%)
Enteral 66 (6.72%) 58 (6.76%) 8 (6.45%)
Enteral+Parenteral 536 (54.6%) 478 (55.7%) 58 (46.77%)
Preoperative fasting time: <0.001
>24h 834 (84.9%) 777 (90.60%) 57 (45.97%)
<24h 148 (15.1%) 81 (9.40%) 67 (54.03%)

The standard deviation of blood glucose levels over

X 2,04 [1.40; 2.86) 197 [1.37; 2.73] 233 [186; 3.20] <0001
multiple days
Maxi f blood fluctuati

aximum rangeiof blood glucose fuctuations oves 6.60 [4.00; 9.88] 630 [3.90; 9.50] 850 [6.00; 13.1] <0001
multiple days
Blood glucose fluctuation on the day of surgery -1.00 [-1.00; 0.5] -1.00 [-1.00; 0.21] 0.85 [-1.00; 2.8] <0.001
The maxi litude of blood glucose fluctuati

© Mmaximun amprtude of blood giucose fluctuation 0.00 [0.00; 1.00] 0.00 [0.00; 0.30] 1.20 (0.00; 4.70] <0001

on the day of surgery

TG, total cholesterol; HbAlc, glycated hemoglobi

; TG, triglyceride; BMI, body mass index.
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Variables in the equation model Wald Odds ratio (OR)  95% CI* P value
Duration of diabetes 0.064 0.022 8752 1.067 1.022-1.113 0.003
Operation duration 0.005 0.001 16.137 1.005 » 1.003-1.008 0.000
Preoperative hypoglycemic administration methods 7.291 0.026

Subcutaneous 0915 0.342 7.148 2.497 1.277-4.883 0.008

Taken orally 0.591 0.951 0.386 1.806 0.280-11.652 0.534
Preoperative fasting time 2.282 0.266 73.640 9.795 5.817-16.496 0.000
Blood glucose fluctuation on the day of surgery 0.214 0.060 12.502 1.238 1.100-1.394 0.000
Constant -4.369 0.415 110.963 0.013 0.000

*Cl, confidence interval.
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Developing Validation
Variable Total (n = 1280) SOlort cohiont
(n =982) = 298)
Sex: 0.692
Male 850 (66.4%) 647 (65.9%) 203 (68.1%)
Female 430 (33.6%) 335 (34.1%) 95 (31.9%)
Age group (y): s
18-34 9 (0.70%) 7 (0.7%) 2 (0.7%)
35-59 221 (17.3%) 166 (16.9%) 55 (18.5%)
=60 1050 (82.0%) 809 (82.4%) 241 (80.8%)
Drink: 0.389
No 969 (75.7%) 739 (75.3%) 230 (77.2%)
Yes 311 (24.3%) 243 (24.7%) 68 (22.8%)
Smoking: 0462
No 964 (75.3%) 736 (74.9%) 228 (76.5%)
Yes 316 (24.7%) 246 (25.1%) 70 (23.5%)
Hypertension: 0.548
No 843 (65.9%) 643 (65.5%) 200 (67.1%)
Yes 437 (34.1%) 339 (34.5%) 98 (32.9%)
Duration of diabetes 1.00 [1.00; 5.00] 1.00 [1.00; 5.00] 1.00 [1.00; 5.00] 0379
Kidney disease: 1
No 1269 (99.1%) 974 (99.2%) 295 (99.0%)
Yes 11 (0.9%) 8 (0.8%) 3 (1.0%)
Digestive tract bypass reconstruction 0.563
No 953 (74.5%) 727 (74.1%) 226 (75.8%)
Yes 327 (25.5%) 255 (25.9%) 72 (24.2%)
Hypoglycemic administration methods: 0.894
Others 1160 (90.6%) 888 (90.4%) 272 (91.3%)
Subcutaneous 111 (8.7%) 87 (8.87%) 24 (8.03%)
Taken orally 9 (0.70%) 7 (0.71%) 2 (0.67%)
Intraoperative hypoglycemic administration methods: 0.681
No 1273 (99.46%) 976 (99.4%) 297 (99.66%)
Bolus insulin 7 (0.54%) 6 (0.60%) 1(0.34%)
Hypoglycemic agents were used 1 day after surgery: 1
Intravenous infusion 1216 (95.0%) 933 (95.0%) 283 (94.97%)
Subcutaneous injection 64 (5.0%) 49 (4.99%) 15 (5.03%)
Preoperative nutritional support mode: 0214
No 159 (12.4%) 126 (12.83%) 33 (11.0%)
Parenteral 343 (26.8%) 254 (25.86%) 89 (30.0%)
Enteral 88 (6.9%) 66 (6.72%) 22 (7.4%)
Enteral+Parenteral 690 (53.9%) 536 (54.6%) 154 (51.6%)
Preoperative fasting time: 0772
>24h 1089 (85.1%) 834 (84.9%) 255 (85.6%)
<24h 191 (14.9%) 148 (15.1%) 43 (14.4%)
The standard deviation of blood glucose levels over multiple days 2.00 [1.38; 2.90] 2.04 [1.40; 2.86 1.92 [1.28; 2.99 0.576
Maximum range of blood glucose fluctuations over multiple days 6.50 [4.00; 10.0] 6.60 [4.00; 9.88, 6.00 [3.90; 10.4 0.453
Blood glucose fluctuation on the day of surgery ~1.00 [~1.00; 0.5] ~1.00 [~1.00; 0.58] ~1.00 [-1.00; 0.44 0.926
Operation duration (h) 210 [170; 270] 210 [170; 274] 210 [172; 260 0.579
TC (mmol/L) 4.29 [3.54; 5.08 4.28 [3.55; 5.05 4.37 [3.54; 5.14 0.568
TG (mmol/L) 1.23 [0.92; 1.68 1.23 [0.92; 1.70 1.23 [0.91; 1.66! 0.518
HbAIC (%) 6.10 [5.50; 6.80 6.10 [5.50; 6.80 6.10 [5.60; 6.77' 0.392
BMI (kg/mz) 22.5 [20.5; 24.9 22.5 [20.4; 24.8 22.8 [20.8; 24.9 0.242
The maximum amplitude of blood glucose fluctuation on the day 0,00 [0.00; 1.00] 0,00 [0.00; 100 0,00 [0.00; 0.90 0.965

of surgery

Values are presented as n (%) and median (IQR); TC, total cholesterol; HbAlc, glycated hemoglobin; TG, triglyceride; BMI, body mass index.






