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Purpose: To develop a prediction model for hypoglycemia in type 2 diabetes mellitus (T2DM) patients treated with an insulin pump
during enteral nutrition.

Methods: This retrospective study included T2DM patients treated with an insulin pump during enteral nutrition at the First Affiliated
Hospital of Jinan University, Guangzhou Red Cross Hospital, Foshan First People’s Hospital, and Guangdong Provincial Hospital of
Traditional Chinese Medicine between January 2016 and December 2023. The patients were randomized 3:1 to the training and
validation sets. The risk factors for hypoglycemia were analyzed. A prediction model was developed.

Results: This study included 122 patients, and 57 patients had at least one hypoglycemic event during their hospitalization (46.72%).
The multivariable logistic regression analysis showed that the time to reach the glycemic targets (odds ratio (OR)=1.408, 95%
confidence interval (CI)=1.084-1.825, P=0.006), average glycemia (OR=0.387, 95% CI=0.233-0.643, P=0.010), coronary heart
disease (OR=0.089, 95% CI=0.016-0.497, P<0.001), and the administration of hormone therapy (OR=6.807, 95% CI=1.128-
41.081, P=0.037) were independently associated with hypoglycemia. A nomogram was built. The receiver operating characteristics
analysis showed that the area under the curve of the model was 0.872 (95% CI=0.0.803-0.940) for the training set and 0.839 (95%
CI=0.688-0.991) in the validation set.

Conclusion: A nomogram was successfully built to predict hypoglycemia in T2DM patients treated with an insulin pump during
enteral nutrition, based on the time to reach the glycemic targets, average glycemia, coronary heart disease, and the administration of
hormone therapy.
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Introduction

Diabetes mellitus is a prevalent chronic condition that results in significant disruptions in nutrient metabolism, giving rise
to various severe complications.! For patients who are unable to consume nutrients orally but have a functioning
gastrointestinal tract, enteral nutrition is the recommended method for providing nutritional support.” Enteral feeds are
commonly prescribed for critically ill patients to provide nutritional support, and this approach is associated with
improved mortality and morbidity outcomes.” However, it is important to note that the provision of carbohydrates in
enteral feeds can lead to increased blood glucose excursion and variability.® Hyperglycemia is a common complication

observed in hospitalized patients receiving enteral nutrition, and it affects approximately 21-30% of critically ill patients
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receiving this form of nutritional support.*® The development of hyperglycemia during enteral nutrition is associated
with elevated risks of death and infectious complications.* Among patients with diabetes, the presence of hyperglycemia
may have negative effects on wound healing, prolong hospitalization, and increase the risk of complications (eg, diabetic
ketoacidosis).” Therefore, it is important to achieve satisfactory glycemic control during enteral nutrition in patients with
diabetes.

Insulin therapy is the preferred regimen for glycemic control in all hospitalized hyperglycemic patients.® Insulin pump
therapy provides flexible diabetic management and has gained popularity among patients with type 1 or 2 diabetes.” It
allows for the customization of basal insulin delivery to meet the individual’s daily insulin requirements and to
accommodate variations in insulin needs throughout the day, including circadian patterns.’ Insulin pump therapy is
linked to enhanced glycemic control compared with conventional therapy involving multiple daily injections.'
Therefore, it is mainly used in hospitalized patients requiring short-term intensive insulin therapy.'' Hypoglycemia is
the most common side effect of insulin therapy and the risk of severe hypoglycemia increases in diabetic patients with
tight glucose control.'? It may lead to seizures, unconsciousness, or even death.'> Hypoglycemia is also a crucial
indicator used to assess glycemic control. Therefore, it is essential to prevent hypoglycemia in diabetic patients
concurrently undergoing enteral nutrition and insulin pump therapy.

Previous studies have identified several risk factors for inpatient hypoglycemia during insulin pump therapy,
including female sex, advanced age, impaired renal function, elevated glycosylated hemoglobin (HbAlc) level, higher
daily insulin dose, specific insulin regimen, and longer length of stay in the intensive care unit.'"*"'® Furthermore, few
prediction models for hypoglycemia have been developed among outpatient and inpatient individuals.'”'® Although
diabetic patients receiving insulin pump therapy are more prone to hypoglycemia during treatment, there is currently
a lack of research on prediction models for hypoglycemia during enteral nutrition in this population. Developing such
a model could greatly improve the identification and prevention of hypoglycemia in this vulnerable group.

This study aimed to develop a prediction model for hypoglycemia in T2DM patients treated with an insulin pump
during enteral nutrition. The prediction model could be advantageous for alleviating hypoglycemia in such patients.

Methods
Study Design and Patients

This retrospective study included T2DM patients who received enteral nutrition between January 2016 and
December 2023 at the First Affiliated Hospital of Jinan University (Guangzhou, China), Guangzhou Red Cross
Hospital, Foshan First People’s Hospital, and Guangdong Provincial Hospital of Traditional Chinese Medicine. The
inclusion criteria were 1) patients who underwent insulin pump therapy during hospitalization,'® 2) patients in relatively
stable conditions and without systemic edema, and 3) patients who met the relevant criteria of the Chinese Guidelines for
the Prevention and Treatment of Type 2 Diabetes Mellitus (2020 Edition).?® The exclusion criteria were 1) patients who
underwent gastrointestinal surgery, 2) patients with other gastrointestinal disorders causing dyspepsia, 3) critically ill
patients with hemodynamic instability, 4) patients requiring mechanical ventilation, or 5) patients who experienced
hypoglycemia before insulin administration. The Ethics Committee of the First Affiliated Hospital of Jilin University
approved this study. Patient consent to review their medical charts was not required by the ethics committee because of
the retrospective nature of the study. The study was conducted following the tenets of the Declaration of Helsinki (and its
amendments) and the Good Clinical Practices. All means were taken to ensure data confidentiality and security.

Data Collection and Definition

The clinical data of the eligible patients were retrieved from the electronic medical record system and retrospectively analyzed.
The following demographic and medical data were collected: general information, blood routine examination, blood

biochemistry, complications of T2DM (presence of diabetic nephropathy, hypertension, coronary artery disease, pul-

monary infection, cerebral disease, anemia, hypoproteinemia, urinary system infection, gastrointestinal hemorrhage,

hepatic insufficiency, and infectious shock), number of days on insulin pump therapy, nasal feeding-related factors (speed

of nasal feeding, type of enteral nutrition solution, total amount of nasal feeding, route of infusion, etc.), treatment-related

2148 "o Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wu et al

factors (presence of fever, use of antibiotics, hormone therapy, gastrointestinal excitomotor drugs, surgical history, and
parenteral nutrition usage were recorded), fingertip blood glucose monitoring data (blood glucose level, number of
episodes of hypoglycemia, and the time at which these episodes occurred), and enteral nutrition support. The patients
were assessed for nutritional risk using the 2002 Nutritional Risk Screening Scale, and a total score >3 points indicated
that the patient was at risk of malnutrition or already malnourished.®*'

Hypoglycemia was defined as a blood glucose level <3.9 mmol/L or patients with symptoms of hypoglycemia, such
as cold sweat, fluster, and dizziness.”* Nocturnal hypoglycemia was defined as hypoglycemia occurring between 0:00 am
and 6:00 am. The grading of hypoglycemia was as follows.”® Grade 1 hypoglycemia: blood glucose level <3.9 and >3.0
mmol/L, with or without hypoglycemic symptoms. Grade 2 hypoglycemia: blood glucose level <3.0 mmol/L with or
without symptoms of hypoglycemia. Grade 3 hypoglycemia: consciousness and/or somatic changes that require medica-
tion assistance. There is no specific blood glucose level threshold for grade 3 hypoglycemia, while blood glucose level
should be <3.9 mmol/L.

Statistical Analysis

Statistical analysis was conducted using SPSS 25.0 and R language 4.0.2. All continuous variables were tested for
normality using the Kolmogorov—Smirnov (KS) test, and all continuous data were non-normally distributed. The
continuous variables were presented as means (standard deviations). The categorical variables were presented as
n (%). The Wilcoxon rank-sum test was used for the continuous data, while the chi-squared test was used for the
categorical data. In order to screen for risk factors for hypoglycemia in nasogastric feeding patients undergoing
continuous insulin pump therapy, variables with P-values <0.2 in the univariable analyses were included in the multi-
variable logistic regression analysis. The original dataset was divided into a training set and a validation set in a 3:1 ratio.
The model was built using the training set, while the model was validated using the validation set. A column chart was
plotted to visualize the factors that are influencing the risk of hypoglycemia in nasal-feeding patients receiving
continuous insulin pump treatment. The model was also identified and corrected through receiver operating characteristic
(ROC) curves and calibration curves. Ac decision curve analysis (DCA) was used to evaluate the clinical value of
predictive models. A decision curve analysis was performed to determine the clinical usefulness of the column chart by
quantitatively verifying the net benefits of different threshold probabilities in the dataset. A P-value of <0.05 was
considered to indicate a statistically significant difference.

Results

A total of 122 diabetic patients receiving enteral nutrition and insulin pump therapy were included in this study. Among
them, 57 (46.72%) patients experienced hypoglycemia. There were statistically significant differences between the non-
hypoglycemic group (n=57) and the hypoglycemic group (n=65) in terms of duration of insulin pump usage (P=0.007),
the time to reach the glycemic targets (P=0.004), average glycemia (P<0.001), energy (P=0.044), coronary heart disease
(P=0.023), and use of hormones (P=0.006), while the other variables were not (Table 1).

The multivariable logistic regression analysis showed that the time to reach the glycemic targets (odds ratio (OR)
=1.408, 95% confidence interval (CI)=1.084-1.825, P=0.006), average glycemia (OR=0.387, 95% CI=0.233-0.643,
P=0.010), coronary heart disease (OR=0.089, 95% CI=0.016-0.497, P<0.001), and the administration of hormone
therapy (OR=6.807, 95% CI=1.128-41.081, P=0.037) were independently associated with hypoglycemia (Table 2).

The results of the multivariable analysis were used to build a nomogram (Figure 1). The ROC analysis showed that
the area under the curve (AUC) of the model was 0.872 (95% CI=0.0.803-0.940) for the training set and 0.839 (95%
CI=0.688-0.991) in the validation set (Figure 2). The calibration curve showed that the predicted and actual curves were
basically superposed in the two sets (Figure 3). The decision curve analysis showed that the net benefit decreased with
the increasing high-risk threshold (Figure 4).
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Table 1 Demographic and Clinical Characteristics
Variables All (n=122) Non-hypoglycemic Hypoglycemic | P
(n=65) (n=57)

Age (years) 70.2 (15.3) 71.7 (15.8) 68.5 (14.7) 0.185
Sex

Male 62 (50.8%) 31 (47.7%) 31 (54.4%) 0.461

Female 60 (49.2%) 34 (52.3%) 26 (45.6%)
Education

Elementary and middle school and below | 91 (74.6%) 47 (72.3%) 44 (77.2%) 0.252
High school or secondary technical school 14 (11.5%) 6 (9.2%) 8 (14.0%)
Junior college or above 17 (13.9%) 12 (18.5%) 5 (8.8%)
Duration of diabetes mellitus (years) 5.09 (6.55) 4.89 (6.89) 5.32 (6.19) 0.718
Body mass index (kg/m?) 22.2 (3.70) 22.6 (3.95) 21.7 (3.37) 0.225
Number of days with pump use (days) 12.5 (9.45) 10.7 (7.89) 14.6 (10.6) 0.007%*
Time to reach the glycemic targets (days) 3.31 (2.49) 2.72 (2.05) 3.98 (2.77) 0.004**
Basal volume (U) 25.0 (14.1) 23.4 (13.3) 26.8 (14.9) 0.242
Glycemia (mmol/L) 9.93 (2.58) 10.9 (2.73) 8.83 (1.88) <0.00 |+
Energy (M)) 2.52 (1.49) 2.24 (1.38) 2.84 (1.56) 0.044*
Hemoglobin (g/L) 109 (25.8) 111 (25.2) 107 (26.5) 0.076
White blood cells (x10%/L) 11.7 (5.02) 11.7 (5.26) 11.7 (4.79) 0.788
Uric acid (pmol/L) 354 (195) 359 (176) 348 (216) 0.425
Cholesterol (mmol/L) 4.39 (1.64) 4.37 (1.83) 4.42 (1.41) 0.521
Triglycerides (mmol/L) 2.05 (2.74) 2.23 (3.41) 1.85 (1.67) 0.650
High-density lipoprotein (mmol/L) 0.992 (0.695) 0.946 (0.498) 1.05 (0.869) 0.571
Low-density lipoprotein (mmol/L) 2.42 (0.935) 2.39 (0.912) 2.46 (0.968) 0.735
Blood creatinine (umol/L) 98.6 (68.9) 100 (72.3) 96.4 (65.3) 0.518
Blood urea (mmol/L) 12.0 (11.0) 11.3 (7.74) 12.7 (13.8) 0.823
Blood albumin (g/L) 35.4 (27.0) 333 (5.91) 37.8 (39.0) 0.719
Total protein (g/L) 6l1.1 (10.5) 61.2 (11.4) 61.0 (9.36) 0.526
Alanine aminotransferase (U/L) 28.5 (30.4) 27.2 (30.1) 30.0 (30.8) 0.803
Aspartate aminotransferase (U/L) 30.2 (29.7) 29.3 (24.6) 31.2 (34.8) 0.853
Systolic pressure (mmHg) 140 (28.3) 142 (30.1) 139 (26.3) 0.317
Diastolic pressure (mmHg) 75.8 (17.4) 76.3 (17.3) 75.1 (17.6) 0.368
Nephropathy 16 (13.1%) 8 (12.3%) 8 (14.0%) 0.778
Coronary heart disease 26 (21.3%) 19 (29.2%) 7 (12.3%) 0.023
Hypertension 84 (68.9%) 48 (73.8%) 36 (63.2%) 0.203
Fever 77 (63.1%) 42 (64.6%) 35 (61.4%) 0.714
Use of hormones 15 (12.3%) 3 (4.6%) 12 (21.1%) 0.006
Pulmonary infections 39 (32.0%) 23 (35.4%) 16 (28.1%) 0.387
Cerebral disease 20 (16.4%) 12 (18.5%) 8 (14.0%) 0.510
Anemia 17 (13.9%) 10 (15.4%) 7 (12.3%) 0.621
Hypoproteinemia 18 (14.8%) 12 (18.5%) 6 (10.5%) 0.218
Urinary system infection 15 (12.3%) 6 (9.2%) 9 (15.8%) 0.271
Gastrointestinal hemorrhage 17 (13.9%) 9 (13.8%) 8 (14.0%) 0.2976
Hepatic insufficiency 6 (4.9%) 5(7.7%) 1 (1.8%) 0.130
Infectious shock 8 (6.6%) 5(7.7%) 3 (5.3%) 0.589
Hypotensive drugs 64 (52.5%) 35 (53.8%) 29 (50.9%) 0.743
Blood lipid-lowering drugs 68 (55.7%) 35 (53.8%) 33 (57.9%) 0.653
Insulin after pump withdrawal 96 (78.7%) 51 (78.5%) 45 (78.9%) 0.948

Notes: *P<0.05; **P<0.01; ***P<0.001.
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Table 2 Multivariable Logistic Regression Analysis
Variables OR 95% CI P
Time to reach the glycemic targets | 1.408 1.085-1.825 | 0.006**
Average blood sugar 0.387 0.233-0.643 0.010*
Coronary heart disease
No Reference
Yes 0.089 0.016-0.497 <0.00 | ¥
Use of hormones
No Reference
Yes 6.807 1.128-41.081 | 0.037*
Notes: *P<0.05; **P<0.01; ***P<0.001.
Abbreviations: OR, odds ratio; Cl, confidence interval.
Discussion

This study suggests a nomogram to predict hypoglycemia in T2DM patients treated with an insulin pump during enteral

nutrition, based on the time to reach the glycemic targets, average glycemia, coronary heart disease, and the adminis-

tration of hormone therapy.
Previous studies have reported that the prevalence of hypoglycemia in patients treated with insulin pump therapy was
5%-31%.'*'® In the present study, the incidence rate was observed to be higher due to several factors affecting the

glycemic management of patients receiving enteral nutrition. These factors included administration of hormone therapy,
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glycogen replenishment, and interruption of enteral nutrition. They contributed to more significant fluctuations in blood
glucose levels.”* Therefore, these patients are more prone to hypoglycemia during their hospitalization. Nonetheless,
mild cases underwent blood glucose monitoring every 2-3 h to enable early detection and prevent the occurrence of
severe hypoglycemic events.

The risk of acute coronary syndrome increases after a hypoglycemia event.?® In addition, patients with coronary heart
disease are at increased risk of acute coronary syndrome.’® Patients with coronary artery disease can suffer from
arrhythmias and myocardial ischemia during a hypoglycemia event.?” Nevertheless, glycemic control is necessary to
avoid the micro- and macrovascular complications of T2DM.?*?° Therefore, in the ICU, particular care is taken by the
healthcare providers to avoid any hypoglycemic event in patients with coronary heart disease through more frequent or
even continuous blood glucose monitoring to be able to react promptly in the presence of any decrease in blood glucose
levels, or even by temporarily setting the blood glucose targets at higher levels. It could explain the negative association
observed between coronary heart disease and hypoglycemia in the present study.

One of the risk factors for hypoglycemia was the administration of hormone therapy. Hormone therapy is associated
with a significant increase in insulin sensitivity, which may lead to hypoglycemia during intensive insulin therapy.>® In
postmenopausal women with T2DM, HbAlc level significantly decreased after 3 months of oral estradiol therapy.*°
However, the precise mechanisms underlying the effects of hormone therapy on insulin action in humans have not yet
been fully explored. The levels of blood glucose and other biomarkers (eg, HbAlc) should be closely monitored in
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diabetic patients receiving hormone therapy while concurrently undergoing insulin pump therapy and enteral nutrition.
The basal rate of the insulin pump should be appropriately adjusted or temporarily discontinued as needed to prevent
hypoglycemia.

The time to reach glycemic targets was significantly associated with the risk of hypoglycemia. Achieving glycemic
targets may pose challenges for patients requiring prolonged treatment. Physicians should be cautious in avoiding
hypoglycemia and should not aggressively pursue HbA1C reduction.’’ Severe hypoglycemia occurred more frequently
in patients who underwent intensive glycemic control.>’ Regular monitoring of blood glucose levels and making
appropriate adjustments to treatment plans, including the consideration of higher glycemic goals, are necessary for
patients who require a longer period of time to achieve their glycemic targets.

Notably, the present study revealed an inverse association between average glycemic and the risk of hypoglycemia,
indicating that high glucose levels are protective against hypoglycemic events. Previous studies showed that high HbAlc
levels were also associated with a lower risk of hypoglycemia.*?

This study has several limitations. Firstly, the sample size was relatively small (n=122). Secondly, subjects included
in this study were patients with T2DM who were treated with enteral nutrition and insulin pump therapy. Thus, the
findings might not be applicable to all diabetic patients. Thirdly, patients with unstable medical conditions who might
require treatment for hypoglycemia were excluded. Thus, further large-scale multicenter study is required to eliminate the
above-mentioned limitations and to verify the findings of this study.

Conclusions

In conclusion, this study suggests a nomogram to predict hypoglycemia in T2DM patients treated with an insulin pump
during enteral nutrition, based on the time to reach the glycemic targets, average glycemia, coronary heart disease, and
the administration of hormone therapy. Using this prediction model, clinicians could proactively identify high-risk
patients and provide them with the necessary medical attention and intensified blood glucose monitoring.
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