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Abstract: Objective: To estimate the incidence of and identified factors associated with hypoglycemia among perioperative 

diabetes patients with insulin pump therapy. Methods: This was a retrospective cohort study of type 2 diabetes patients with 

insulin pump therapy newly received surgery. All patients were divided into hypoglycemia group and non-hypoglycemia group 

according to whether they experienced hypoglycemia. Information about clinical characteristics and treatments were collected 

and compared between two groups. We estimated the incidence of hypoglycemia, and identified factors associated with 

hypoglycemia by using multivariable logistic regression. Results: A total of 172 episodes of hypoglycemia were observed in 88 

(39.8%) patients, among which, 146 (84.9%) were level 1 hypoglycemia (<3.9 mmol/L) and 26 (15.1%) were level 2 (< 3.0 

mmol/L). No severe hypoglycemia (level 3) was reported in this study. Results from the multivariable logistic regression model 

found that diabetes patients with a longer duration of pump use were more likely to have hypoglycemia (AOR=1.09 with 95% 

CI=1.04-1.15). However, those diabetes patients who were with higher BMI and eGFR were less likely to have hypoglycemia 

(AOR=0.86 with 95% CI=0.76-0.98; AOR=0.86 with 95% CI=0.76-0.98, respectively). Conclusion: Perioperative diabetes 

patients with insulin pump therapy were prone to develop mild to moderate hypoglycemia. The long-term of receiving insulin 

pump therapy during the perioperative period, with lower BMI and eGFR, put type 2 diabetes at higher risks in hypoglycemia. It 

may help healthcare providers to screen hypoglycemia among type 2 diabetes patients with receiving long-term insulin pump 

therapy. 
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1. Introduction 

Continuous subcutaneous insulin infusion (CSII) therapy, 

also known as insulin pump therapy, has been identified as an 

optimal infusion method that simulates endogenous insulin 

secretion to a large extent [1]. According to China Insulin 

Pump Clinical Guideline (2014), using short-term insulin 

pump therapy has been indicated to benefits for perioperative 

glycemic control in diabetic patients [2]. The benefits of using 

CSII in the perioperative period may include a significant 

reduction in the risks of hyperglycemic crises, hyperglycemia, 

and mortality [3, 4] However, with the proliferation of insulin 

pump applications in the surgical setting, physicians will 

confront other challenges, especially the occurrence of 

hypoglycemia during the use of insulin pump [5, 6]. 

Unmanaged hypoglycemia may increase the risks of 

comorbidities, especially neurological complications [7], 

impair surgical wound healing [8], may prolong ICU and 

hospital stay [9], and enhance mortality [7]. However, few 

studies reported risk factors for CSII-associated hypoglycemia 
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in the perioperative period. As such, this study is aimed to 

investigate the incidence rate of hypoglycemia and its 

potential factors in perioperative diabetic patients managed by 

insulin pump therapy. 

2. Materials and Methods 

2.1. Patients and Risk Factors 

This retrospective cohort study of type 2 diabetes was 

conducted in the surgery departments at the First Affiliated 

Hospital of Jinan University. The target population was 

limited to adults (aged ≥18) with concurrent type 2 diabetes 

patients with insulin pump therapy. For this study, individuals 

who were diagnosed with pregnancy diabetes were excluded 

from the analysis. We also excluded individuals who had 

severe infections, acute metabolic complications (including 

diabetic ketoacidosis and hyperosmolar hyperglycemic 

syndrome), cardiopulmonary insufficiency, and severe liver 

and kidney dysfunction. The final study sample size included 

221 adults with type 2 diabetes. The study was performed in 

accordance with the Declaration of Helsinki and the Ethical 

Guidelines for Clinical Research. The Research Ethical 

Committee approved the research protocol of the First 

Affiliated Hospital of Jinan University (ref: [2017]029). 

Hypoglycemia was measured as a categorical variable 

during perioperative periods based on the results of the 

fingerstick glucose test. The International Hypoglycemia 

Study Group (IHSG) position statement proposes a glucose 

concentration of 3.9 mmol/L (70 mg/dl) or less be counted as 

hypoglycemia (level 1) albeit no need to be reported in clinical 

studies. A level of < 3.0 mmol/L (<54 mg/dl) is sufficiently 

low to indicate serious, clinically important hypoglycemia 

(level 2), whether that level is associated with or without 

symptoms of hypoglycemia. Severe hypoglycemia (level 3), 

as defined by the American Diabetes Association, was 

glycemic value of <2.8 mmol/L or manifests severe cognitive 

impairment requiring external assistance for recovery [10, 11]. 

All participants were assigned to either the hypoglycemia 

group or the non-hypoglycemia group based on whether low 

glucose concertation (<3.9 mmol/L) was experienced. 

The following covariates of prior to CSII therapy, 

hemoglobin A1c (HbA1c), serum creatinine (Cr) and alanine 

transaminase (ALT) were examined after fasting for 8-10 

hours. HbA1c, Cr, and ALT were examined by 

high-performance liquid chromatography. The estimated 

glomerular filtrating rate (eGFR) was calculated using the 

Modification of Diet in Renal Disease (MDRD) Study 

equation. Diet details and symptoms of hypoglycemia were 

recorded once hypoglycemia had been experienced. 

2.2. Statistical Analysis 

First, we estimated the incidence of hypoglycemia events 

among adult type 2 diabetes patients. Then we compared 

variables between type 2 diabetes patients with and without 

hypoglycemia using chi-square tests for categorical variables 

and t-tests for continuous variables. Then we conducted a 

multivariable logistic regression model to identify factors 

associated with hypoglycemia among participants. The 

multivariable models included the variables of statistically 

significant in the previous descriptive analysis at P<0.05. The 

parameter estimates from the models were presented as 

adjusted odds ratio (AOR) and their corresponding 95% 

confidence intervals (CI). Sciences (SPSS) version 19.0 was 

used for statistical analysis. 

3. Results 

Incidence and characteristics of hypoglycemia in type 2 

diabetes who used insulin pump in the perioperative period 

Between July 2017 and December 2018, a total of 221 

patients with type 2 diabetes who used insulin pump in the 

perioperative period were enrolled from surgery departments 

at the First Affiliated Hospital of Jinan University. Of the 221 

participants, 88 (39.8%) patients had hypoglycemia event at 

least one time, 98 (44.3%) were male and 123 (55.7%) were 

female. In our study, a total of 172 episodes of hypoglycemia 

were observed in 88 (39.8%) patients; of whom, 58.0% (51/88) 

experienced hypoglycemic event only once, 26.1% (23/88) 

went through twice or three times and 15.9% (14/88) 

underwent more than three episodes of hypoglycemia. Among 

88 patients with hypoglycemia, 34 patients (38.6%) had level 

1 hypoglycemia (<3.9 mmol/L), 16 (18.2%) patients had level 

2 (< 3.0 mmol/L), and 48 patients (54.5%) had multiple levels 

of hypoglycemia. No severe hypoglycemia (level 3) was 

found in our study. Among 88 patients with hypoglycemia 

episodes, 24 patients (27.3%) had hypoglycemia episodes in 

the preoperative period, 47 (53.4%) patients got such episodes 

in the postoperative period, and 17 patients (19.3%) had them 

both pre and post-operation periods. We also found that 52 

(59.1%) patients got hypoglycemia after fasting, which 

includes preoperative and postoperative fasting, getting a 

liquid diet, and having a poor appetite in the postoperative 

period (Table 1). 

Table 1. The characteristics of hypoglycemia episodes among Chinese adults 

with type two diabetes in the perioperative period (M±SD). 

 Hypoglycemic group (n=88) 

Overall events (Mean, SD) 
172 (1.95, ±0.89) 

Number of Hypoglycemic episodes 

1 51 (58.0%) 

2-3 23 (26.1%) 

≥4 14 (15.9%) 

Level of Hypoglycemic episodes  

Level 1 (<3.9 mmol/L) 34 (38.6%) 

Level 2 (<3.0 mmol/L) 16 (18.2%) 

Level 3 (<2.8 mmol/L) 0 (0%) 

Multiple levels 48 (54.5%) 

Period of Hypoglycemic episodes  

Preoperative period 24 (27.3%) 

Postoperative period 47 (53.4%) 

Pre-post operation periods 17 (19.3%) 

Before or after fasting  

Before 36 (40.9%) 

After 52 (59.1%) 

Clinical characteristics of type 2 diabetes who used insulin 
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pump in the perioperative period 

Our results showed that type 2 diabetes patients who were 

with longer duration of diabetes, with higher serum creatinine 

levels, with lower BMI, with lower eGFR, with the long-term 

use of CSII were more likely to have hypoglycemia than their 

counterparts (Table 2). 

Mechanical problems and interruptions in insulin delivery 

included pump malfunction, power error, clogged or dropped 

infusion tubing, and insulin leakage from the tubing or reservoir. 

Twelve mechanical mistakes were recorded in the 

hypoglycemic group and 17 errors in the non-hypoglycemic 

group. Errors in pump use involved incorrect bolus insulin 

dosage (e.g. missing or reduced bolus insulin infusion). Nine 

errors in pump use were reported in the hypoglycemic group 

and ten errors in the non-hypoglycemic group. There were no 

significant differences in mechanical problems of insulin pump 

and errors in pump use between these two groups (Table 2). 

Table 2. The clinical characteristics for Chinese adults with type 2 diabetes 

with and without hypoglycemia in the perioperative period (M±SD). 

 
Hypoglycemic 

group (n=88) 

Non-hypoglycemic 

group (n=133) 
P-value 

Gender(n) 0.41 

Male 42 56  

Female 46 77  

Age 64.63±11.73 61.74±10.67 0.06 

Duration of Diabetes 

(years) 
8.94±6.75 7.02±6.04 0.03* 

BMI (kg/m2) 22.81±3.37 24.44±3.76 <0.01* 

HbA1c (%) 8.80±2.30 8.99±2.20 0.55 

Cr (µmmol/L) 101.32±84.70 78.89±59.04 0.02* 

eGFR (ml/min) 79.84±44.77 93.74±35.98 0.01* 

ALT (U/L) 26.27±35.50 23.02±15.33 0.35 

Total insulin/kg (U/kg) 0.61±0.25 0.59±0.21 0.38 

Basal insulin/kg (U/kg) 0.30±0.12 0.27±0.11 0.17 

Bolus insulin/kg (U/kg) 0.32±0.18 0.31±0.14 0.78 

Duration of pump use 

(days) 
14.57±9.33 10.29±6.23 <0.01* 

Mechanical problems 12±1.17 17±1.04 0.79 

*T test significant at P<0.05 

Risk factors for hypoglycemia in the perioperative period 

Results from the multivariable logistic regression model 

found that diabetes patients with receiving insulin pump 

therapy who had higher BMI (Adjusted odds ratio [AOR]=0.86 

with 95% CI=0.76-0.98), had higher eGFR (AOR=0.99 with 

95% CI=0.98-0.99) were more likely to have hypoglycemia 

compared to their counterparts. However, those diabetes 

patients who had a longer duration of insulin pump use were 

more likely to have hypoglycemia compared to those who used 

a pump shortly (AOR=1.09 with 95% CI=1.04-1.15) (Table 3). 

Table 3. Adjusted odds ratios of associations with hypoglycemia among 

Chinese adults with type two diabetes in the perioperative period. 

Variable† B SE Wald X2 P‡ AOR 95% CI 

BMI -0.147 0.064 5.349 0.021 0.863 0.762-0.978 

eGFR -0.011 0.005 5.985 0.014 0.989 0.980-0.998 

Duration of pump 

use 
0.087 0.026 11.077 0.001 1.091 1.037-1.149 

4. Discussion 

Diabetic patients need surgical treatment because of various 

complications or other reasons. Most of them live in 

non-endocrine departments. Hyperglycemia can increase 

infection rate and delay wound healing. In recent years, CSII 

is widely used by endocrinologists to control blood glucose in 

patients with hyperglycemia during perioperative period. 

Compared with daily multiple insulin infusion, CSII can better 

simulate physiological insulin secretion which reduce blood 

glucose fluctuation, shorten the time of blood glucose 

reaching the standard and reduce the occurrence of 

hypoglycemia, so as to control blood glucose safely and 

effectively. However, hypoglycemia is a common side effect 

in intensive insulin pump therapy. Severe hypoglycemia can 

cause cardiovascular events or all-cause mortality, especially 

in patients with cardiovascular risk factors; non-severe 

hypoglycemia does not increase cardiovascular events or 

all-cause mortality, so we must pay special attention to the 

occurrence of hypoglycemia during insulin pump treatment. 

This study provides the first profile of the incidence rate of 

hypoglycemia in type 2 diabetes patients who received CSII 

therapy during the perioperative period. We found that about 

39.8% of participants had at least one hypoglycemic episode. 

Although evidence indicated that using the insulin pump 

during the perioperative period may have benefits for patients, 

the incidence of hypoglycemia in our study was still much 

higher than the previous studies in general in-patients who 

received insulin treatments [12, 13]. However, our results are 

still consistent with similar findings, according to which the 

incidence of CSII-associated hypoglycemia in perioperative 

settings was ranging from 2.8% to50% based on different 

study designs [14, 15], specific populations, and the 

definitions of hypoglycemia. 

Our study also found among the incidence of perioperative 

hypoglycemia, most of which were level 1 hypoglycemia 

(<3.9 mmol/L). Only 15.1% of patients experienced level 2 

hypoglycemia (<3.0 mmol/L). No severe hypoglycemic 

episodes were reported in the study. The results of our studies 

were consistent with previous studies as well. Although the 

incidence rate of hypoglycemia among type 2 diabetes 

patients in the perioperative period, severe hypoglycemia is 

uncommon. The final goal of our study was to determine the 

factors associated with hypoglycemia among type 2 diabetes 

patients in the perioperative period. Our study only found BMI, 

eGFR, and duration of pump use as independent factors of 

CSII-associated hypoglycemia in the perioperative period. We 

found that type 2 diabetes patients who were with lower BMI, 

and with eGFR were more likely to have hypoglycemia. Our 

findings are consistent with previous studies focusing on the 

general type 2 diabetes population. Actually, in our study, the 

average BMI in the hypoglycemic group was 22.81kg/m
2
, 

falling in the healthy weight range. In contrast, the mean BMI 

in the non-hypoglycemic group was 24.44 kg/m
2
. Previous 

studies indicated that the higher the BMI is, the greater the 

glycemic threshold for response to hypoglycemia is [16, 17]. 

Therefore, diabetes patients with higher BMI may be less 
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likely to have hypoglycemia and may have milder subsequent 

symptoms of hypoglycemia. Moreover, higher BMI was 

considered as a protective factor for night-time hypoglycemia 

in patients with type 2 diabetes [18]. As such, tailoring insulin 

treatment for perioperative patients should take BMI into 

account. 

We also found patients with lower eGFR were more likely 

to have hypoglycemia. Lower eGFR may directly reflect 

patients with declined renal function that is commonly 

associated with the occurrence of hypoglycemia. Therefore, 

hypoglycemic events are more likely to occur in patients with 

impaired renal function during insulin pump treatment[19]. 

Therefore, it is important for physicians to be aware of 

adjusting insulin dosage based on patient’s eGFR or renal 

function, monitor closely, and investigate its potential risk of 

hypoglycemia in perioperative management. 

Finally, our results indicated that the longer the insulin 

pump use, the higher the risk of hypoglycemia presents. In 

that case, Liu et al proposed a steady decline of total daily 

insulin dose, a proximately 24-35% reduction at the end of 

two-week therapy, in patients with type 2 diabetes treated with 

CSII [20]. Actually, previous studies have shown that patients 

with longer duration of insulin therapy are more likely to have 

risk factors of hypoglycemia [21, 22]. 

A number of limitations and strengths of our study should 

be noted. First, an observational study may introduce selection 

bias or unmeasurable confounding factors. Second, our scope 

was limited to one hospital; therefore, our results may not be 

generalized to other hospitals or general populations. The 

future study may focus on multiple institutions and larger 

sample sizes to be more generalized. Third, with respect to 

diabetes severity, our study didn’t include any item that probes 

the extent to these factors affect the risk of hypoglycemia. 

However, the eGFR and duration of diabetes may indirectly 

reflect the severity of diabetes. 

5. Conclusion 

In conclusion, our findings provide the first estimates of 

the incidence rate of hypoglycemia in diabetes patients who 

received CSII therapy during the perioperative period. 

Perioperative diabetes patients were prone to develop mild to 

moderate hypoglycemia, especially in postoperative period. 

No severe hypoglycemic episodes happened, which means 

CSII therapy has a good safety in the treatment of the 

perioperative diabetes patients in non-endocrinology 

department. We found lower likelihood of having 

hypoglycemia associated with higher BMI and eGFR among 

adult type 2 diabetes. However, an association between 

longer insulin pump use and having a hypoglycemia event 

was observed in our study. To avoid hypoglycemia,  

practitioners should pay attention to the patients’ BMI and 

eGFR, increase the frequency of blood glucose monitoring,  

adjust insulin dose appropriately during the perioperative 

period especially in those with long-term receiving insulin 

therapy. 
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