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Purpose: To investigate the knowledge, attitude, and practice (KAP) on insulin pump among non-endocrinology nurses in Southern China.
Methods: This multicenter cross-sectional study enrolled non-endocrinology nurses in Southern China between November 2020 and 
December 2020. A structured questionnaire about insulin pumps was designed and used to collect data.
Results: A total of 1118 nurses from 29 hospitals participated in the study. The majority of them were female (98.48%), and 513 
worked in the department of internal medicine (45.89%), followed by surgery (235, 21.00%), pediatrics (147, 13.14%), gynecology 
(127, 11.35%), and oncology (96, 8.71%). None of the nurses answered all questions correctly in the knowledge section. The score of 
knowledge was 50.12 ± 3.42 (total score range, 0 to 85). The attitude score of nurses in the department of gynecology was 47.76 ± 5.11 
(total score range, 10 to 50), followed by nurses in the department of internal medicine (47.43 ± 4.65), pediatrics (46.71 ± 4.96), 
surgery (46.77 ± 5.78) and oncology (46.25 ± 5.87). The practice score of nurses in the internal medicine department was 79.16 ± 9.03 
(total score range, 17 to 85), followed by nurses in the department of gynecology (78.76 ± 10.76), surgery (78.14 ± 10.09), oncology 
(76.89 ± 12.70) and pediatrics (73.35 ± 19.04).
Conclusion: There was limited knowledge regarding insulin pumps among nurses, although they had a positive attitude and attached 
importance to the management of insulin pumps. In clinical practice, their implementation of insulin pump management norms was acceptable.
Keywords: nurse, insulin pumps, knowledge, attitude, practice

Introduction
Diabetes mellitus (DM) is a major public health issue, and its prevalence is increasing worldwide.1–3 In China, the 
estimated prevalence rate of DM has reached 11.6% and might even double in the coming decades due to population 
growth.4–6 Uncontrolled blood glucose leads to hyperglycemia and is associated with increased morbidity related to 
longer hospital stays, delayed healing, increased incidence of infections, and macrovascular and microvascular complica-
tions, as well as with mortality in non-critical inpatients.1,2,7 Therefore, well-controlled blood glucose is essential. Many 
patients will gradually fail oral treatments and eventually require insulin.1,2 The use of insulin is unpractical and can lead 
to poor treatment adherence,8 affecting prognosis. Insulin pump therapy is a form of insulin treatment that maximally 
mimics the physiological secretion pattern of insulin to achieve better glycemic control, and it does not require repeated 
injections.9,10
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Still, insulin pumps are highly specialized and sophisticated equipment, requiring specific knowledge.9,10 Insulin 
pump therapy was initially concentrated in hospital endocrinology departments, but many patients with DM can be 
admitted to other departments for various reasons or procedures, but nurses in those departments might be ill-prepared to 
deal with insulin pumps. Furthermore, in recent years many tertiary hospitals in China gradually adopted the endocri-
nology team management model of DM to manage hyperglycemic patients in other departments. The management team 
of DM includes specialist endocrinologists and nurses who carry out daily visits to those hyperglycemic patients treated 
with insulin pumps. This management model can increase the rate of glycemic compliance, reduce the average length of 
stay, and improve patient clinical outcomes.11,12

Nurses are at the front line of health service delivery and play a central role in insulin pump practice.10 A knowledge, 
attitudes, and practice (KAP) study showed that even in DM liaison nurses, the KAP of insulin pump management could 
be as low as 18–29%.13 Therefore, using and managing insulin pump therapy in China might be quite challenging, and 
there might be safety risks associated with insulin pump application. Indeed, poor knowledge among healthcare workers 
would lead to poor patient health education.14

This cross-sectional study aimed to investigate the KAP regarding insulin pumps among non-endocrinology nurses.

Materials and Methods
Study Design and Participants
This multicenter cross-sectional study enrolled nurses from tertiary hospitals in Southern China between November 2020 and 
December 2020. The participants were recruited by convenience sampling. The inclusion criteria were 1) Individuals holding 
a nurse license and 2) With experience with insulin pumps. The exclusion criteria were 1) nurses in the endocrinology 
department, 2) working in a department where insulin pumps had never been used in clinical practice, or 3) On departmental 
rotations. The research was carried out in accordance with the Declaration of Helsinki. The study was approved by the ethics 
committee of The First People’s Hospital of Foshan [# Ren Shenyan (2022) No. 143]. All participants signed the informed 
consent form prior to the study.

Procedure
A self-administered questionnaire regarding the KAP towards insulin pump was developed using the Delphi method. 
Based on the social cognitive theory and self-management theory, the first draft of the questionnaire was developed 
through a literature review and group discussion, with the guidance of the “China Insulin Pump Nursing Management 
Practice”. The Delphi method was applied to conduct two rounds of expert consultation, and 26 experts were invited to 
screen and evaluate the indicators of the scale. The effective recall rates for the two rounds of correspondence 
questionnaires were 96% and 100%, respectively, and the expert opinion rates were 8.5% and 6.3%. The expert authority 
coefficients for the two rounds were 0.892 and 0.888, respectively, and Kendall’s W for items increased round by round. 
After two rounds of expert consultation, a structured questionnaire was developed containing 44 items in three sections: 
knowledge, attitude, and practice (Supplementary Materials). There were 17 items in the knowledge section, 10 in the 
attitude, and 17 in practice. Each correct answer in the knowledge section was given 1 point, with a total score of 17; 
incorrect or do not know were given a score of zero. The attitude and practice of nurses were rated on a 5-point Likert 
scale ranging from 1 (extremely negative) to 5 (highly positive), with a total score range of 10–50 and 17–85, 
respectively. The reliability and internal consistency of attitudes and practices were determined by the Cronbach’s α 
coefficient, with ≥ 0.7 being considered to have a high degree of reliability and consistency.

Data Collection
The project leader of each hospital was briefed on the background and objective of the study, and their approval was 
obtained. The Diabetes Specialist Nursing Group members at the surveyed hospital acted as surveyors or survey contacts 
for that hospital. The surveyors were responsible for distributing and retrieving questionnaires. The nurses completed 
questionnaires anonymously within 20 consecutive minutes. After 2 weeks, the surveyors in each hospital were reminded 
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to submit the questionnaire in time and reminded again if not returned. Incomplete questionnaires, or those answered 
with all the same answers, were considered invalid.

Statistical Analysis
Statistical analyses were performed using SPSS 25.0 (IBM, Armonk, NY, USA). Continuous variables that conformed to 
the normal distribution were presented as mean ± standard deviation (SD), and that with skewed distribution were 
presented as median (range). Categorical variables were presented as n (percentage). Descriptive statistics were used to 
analyze the data.

Results
A total of 1118 questionnaires from 29 hospitals were included in the study; 86% were valid, ie, incomplete ques-
tionnaires or those answered with all the same answers. Among these nurses, 17 were male (1.52%), and the others were 
female (98.48%). There were 513 nurses working in the department of internal medicine (45.8%), followed by surgery 
(235, 21.00%), pediatrics (147, 13.14%), gynecology (127, 11.35%), and oncology (96, 8.71%) (Table 1).

None of the nurses answered all the questions correctly in the knowledge section, and the correct response rates were 
below 60% in all departments (26.38% in the department of surgery, 37.35% in internal medicine, 25.00% in oncology, 
53.54% in gynecology, and 37.41% in pediatrics). The score of knowledge was 50.12 ± 3.42 (total score range, 0 to 85). 
The items with the highest incorrect rate among nurses were the type of insulin used in the insulin pump (56.17% in the 
department of surgery, 36.96% in internal medicine, 54.17% in oncology, 29.13% in gynecology, and 27.89% in 
pediatrics). In addition, there was also a high incorrect rate of the items regarding “how insulin is administered by the 
insulin pump” (40.85% in the department of surgery, 29.96% in internal medicine, 54.17% in oncology, 20.47% in 
gynecology, and 34.01% in pediatrics) (Table 2).

The Cronbach’s α coefficient of the 10 attitude items was 0.959 (0.968 among nurses in the department of surgery, 
0.947 among internal medicine nurses, 0.978 among oncology nurses, 0.968 among gynecology nurses, and 0.949 among 

Table 1 Demographic Characteristics of Nurses

Variables Surgery  
(n = 235)

Internal Medicine  
(n = 513)

Oncology  
(n = 96)

Gynecology  
(n = 127)

Pediatrics  
(n = 147)

Age, year (mean ± SD) 32.50 ± 8.33 31.71 ± 7.50 34.45 ± 8.85 33.19 ± 8.84 32.15 ± 8.73

Work experience, year (mean ± SD) 11.27 ± 9.18 14.19 ± 88.56 13.68 ± 9.71 12.20 ± 9.63 11.31 ± 9.65

Gender, n (%)
Male 5 (2.13%) 10 (1.95%) 0 (0.00%) 0 (0.00%) 2 (1.36%)

Female 230 (97.87%) 504 (98.05%) 96 (100.00%) 127 (100%) 145 (98.64%)

Title, n (%)
None 77 (32.77%) 165 (32.10%) 28 (29.17%) 47 (37.01%) 55 (37.41%)

Primary 71 (30.21%) 227 (44.16%) 28 (29.17%) 34 (26.77%) 50 (34.01%)

Intermediate 79 (33.62%) 102 (19.84%) 36 (37.50%) 43 (33.86%) 37 (25.17%)
Deputy senior 7 (2.98%) 19 (3.70%) 4 (4.17%) 3 (2.36%) 5 (3.40%)

Senior 1 (0.43%) 1 (0.19%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

Education, n (%)
Secondary School 0 (0.00%) 5 (0.97%) 0 (0.00%) 0 (0.00%) 3 (2.03%)

College 59 (25.11%) 129 (25.10%) 30 (31.25%) 42 (33.07%) 47 (31.97%)

Undergraduate and above 176 (74.89%) 380 (73.93%) 66 (68.75%) 85 (66.93%) 97 (65.99)
DM liaison nurse, n (%)

Yes 21 (8.94%) 62 (12.06%) 13 (13.54%) 13 (10.24%) 9 (6.12%)

No 214 (91.06%) 452 (87.94%) 83 (86.46%) 114 (89.76%) 138 (93.88%)
Attitude score (mean ± SD) 46.77 ± 5.78 47.43 ± 4.65 46.25 ± 5.87 47.76 ± 5.11 46.71 ± 4.96

Practice score (mean ± SD) 78.14 ± 10.09 79.16 ± 9.03 76.89 ± 12.70 78.76 ± 10.76 73.35 ± 19.04

Abbreviation: DM, diabetes mellitus.
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pediatrics nurses). The attitude score of nurses in the department of gynecology was 47.76 ± 5.11 (total score range, 10 to 
50), followed by nurses in the department of internal medicine (47.43 ± 4.65), pediatrics (46.71 ± 4.96), surgery (46.77 ± 
5.78) and oncology (46.25 ± 5.87) (Table 1).

The Cronbach’s α coefficient of the 17 practice items was 0.954 among surgery nurses, 0.938 among internal 
medicine nurses, 0.960 among oncology nurses, 0.953 among gynecology nurses, and 0.984 among pediatrics nurses, 
respectively. The practice score of nurses in the internal medicine department was 79.16 ± 9.03 (total score range, 17 to 
85), followed by nurses in the department of gynecology (78.76 ± 10.76), surgery (78.14 ± 10.09), oncology (76.89 ± 
12.70) and pediatrics (73.35 ± 19.04) (Table 1).

Discussion
This cross-sectional study demonstrated limited knowledge of the application and management of insulin pumps among 
nurses, although they had a positive attitude and attached importance to the management of insulin pumps. In clinical 
practice, they could follow the norms of insulin pump management in most cases.

Insulin pump therapy is an insulin treatment method that uses an artificially intelligent controlled insulin input device 
to achieve better glycemic control by continuous subcutaneous insulin infusion, which maximally mimics the physio-
logical secretion pattern of insulin.9 It is currently the most physiologically appropriate infusion method to control blood 
glucose to normal, and it is accepted by most patients as it reduces the pain associated with repeated punctures compared 
to the insulin pen.15 The American College of Endocrinology’s clinical resource, Clinical Practice Guidelines for 
Hyperglycemia in the Non-Emergency Inpatient Setting,16 suggest basal and prandial insulin injection as a standard 
treatment, but in those patients who use insulin pump therapy in an outpatient setting, it can be considered to continue 
using insulin pump in the inpatient setting if the patients have the mental and physical capacity to do so. Some studies 
showed that insulin pumps were effective in controlling blood glucose levels in patients with DM17–19 and were 
particularly effective in controlling blood glucose in patients with type I DM.20,21

Table 2 Knowledge Items with Low Correct Rate in Different Departments

Items Incorrect 
Response, n (%)

Surgery, n=235

Types of insulin used in insulin pumps 132 (56.17)

How insulin is administered by the insulin pump 96 (40.85)
Common types of alarms 86 (36.60)

Internal medicine, n=513

Types of insulin used in insulin pumps 189 (36.96)
How the insulin pump is administered 153 (29.96)

Site of insulin pump implantation 153 (29.96)
Oncology, n=96

Types of insulin used in insulin pumps 52 (54.17)

How insulin is administered by the insulin pump 52 (54.17)
Glycemic control goals for patients with type 1 DM, type 2 DM, 

and gestational DM treated with an insulin pump

34 (35.42)

Gynecology, n=127
Types of insulin used in insulin pumps 37 (29.13)

Site of insulin pump implantation 27 (21.26)

How the insulin pump is administered 26 (20.47)
Pediatrics, n=147

How insulin pumps are administered 50 (34.01)

Types of insulin used in insulin pumps 41 (27.89)
Common types of alarms 30 (20.41)
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It has been 20 years since insulin pump therapy was introduced in China at the beginning of the 21st century. Nearly 
50,000 people with DM at home are long-term pump users. There are more than 3000 hospitals that conduct and use 
insulin pump therapy. Approximately more than 500,000 patients receive short-term intensive insulin pump therapy 
during hospitalization each year.14 However, there are still many problems in clinical application, such as abnormal 
hyperglycemia and hypoglycemia in patients using insulin pumps, infusion disorders, and skin abnormalities at the 
infusion site due to its complicated operation and other reasons.22,23 Western studies showed that insulin pump devices 
are associated with many pump-related adverse events and can lead to life-threatening or unexplained hyperglycemia in 
patients.24,25 A study by Xu26 and Tao27 also showed that with the widespread use of insulin pumps for hyperglycemic 
patients throughout the hospital, there were certain common problems in the management of insulin pumps in all 
departments. Thus, the role and significance of standardized management of patients on insulin and standardized 
evaluation of insulin pump caregivers during in-hospital use of insulin pump therapy are significant. Nevertheless, non- 
endocrinology healthcare professionals have limited knowledge of the working principles and operational procedures of 
insulin pumps and also experience in the management of DM due to the limitations of the specialty.

The knowledge of insulin pumps was low among nurses who participated in this study. Another study of DM liaison 
nurses in China revealed that even DM liaison nurses had a poor KAP of insulin pumps.13 Therefore, if DM liaison 
nurses had a low KAP of the insulin pump,13 it could be expected that nurses not directly involved in DM care would 
have even lower scores, as observed in the present study. According to the KAP theory, spreading knowledge about 
insulin pumps was an essential measure that would contribute significantly to the correct implementation of insulin pump 
operation and management since there were several models available.10 Nevertheless, the results indicate that the nurse 
training is not strong enough. From a clinical point of view, since the knowledge component of nurses in the survey was 
low, safety issues probably arose during the use of insulin pumps.28 Although such events were not analyzed in the 
present study, future studies should look at correlations between insulin pump KAP and safety issues.

In terms of attitudes, the oncology nurses had the lowest score. For example, some nurses answered that they never 
inform the supervising physician and the endocrinology nurse when hyperglycemia (≥ 16.7 mmol/L, a critical bedside 
value1) occurs. It was probably related to individual nurses’ limited understanding of specialist techniques. Therefore, 
provided that the number of years of service cannot be changed, the knowledge of clinical nurses in non-DM specialties 
can be improved by developing effective and targeted training about DM and insulin pumps.

In terms of practice, on the practice scale for insulin pump use, pediatric nurses had the lowest score, which could be 
related to a limited understanding of specialist techniques. Insulin pumps are increasingly used in many departments in 
China but not in specific practice and management.29 The results of this study helped express that nurses should 
standardize the management of insulin pumps, assess current knowledge about insulin pumps as it relates to an 
individual’s healthcare role, and assist in identifying training programs needed for hospital-wide education programs 
to ensure the successful implementation of glucose-lowering regimens using insulin pumps. Despite the limited knowl-
edge of insulin pump management compared to clinical best practices, the survey highlighted the most important areas of 
concern and provided a platform to successfully create targeted training programs before optimizing current glycemic 
protocols and providing a basis for developing a reasonable and effective insulin pump training program.

To our knowledge, this study investigated KAP towards insulin pumps among non-endocrinology nurses in southern 
China for the first time. However, this study also had some limitations. Even though the sample size was large, the results 
apply to a single region in China. In addition, the KAP questionnaire was self-made and probably reflected the local 
practice, with limited generalizability. Convenience sampling was used, which can result in bias. Safety events were not 
examined during the study period.

In conclusion, there was limited knowledge regarding insulin pumps among nurses, although they had a positive 
attitude and attached importance to the management of insulin pumps. Training programs should be implemented to 
improve the knowledge of non-endocrinology nurses about insulin pump application.

Data Sharing Statement
All data generated or analyzed during this study are included in this published article.
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