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OBJECTIVE | School nurses are integral to optimizing diabetes management for students with type 1 diabetes. The aim of
this study was to describe the use of diabetes technology in schools over time and assess school nurses’ comfort level
performing diabetes management tasks.

STUDY DESIGN | From 2012 to 2019, school nurses who attended a diabetes education program completed a survey
about their experience and comfort level with diabetes management.

RESULTS | A total of 1,796 school nurses completed the survey; 56% had at least 5 years of school nursing experience.
Most (86%) had at least one student with type 1 diabetes. Among school nurses with at least one student with type 1
diabetes, 73% had at least one student using insulin pump therapy, and 48% had at least one student using continu-
ous glucose monitoring (CGM). There was no change in pump use over time, but the percentage of nurses who had a
student using CGM increased significantly from 24% in 2012 to 86% in 2019 (P <0.001). School nurses’ comfort
level using pumps remained stable over time. Overall, 47% reported being mostly/very comfortable giving boluses us-
ing a pump, and 17% reported being mostly/very comfortable troubleshooting problems with a pump. However, there
was a significant increase in school nurses reporting feeling mostly/very comfortable working with CGM devices, in-
creasing from 9% in 2012 to 44% in 2019 (P<0.001).

CONCLUSION | School nurses are an important part of diabetes management for school-aged youth with type 1 diabetes.
There is a need for additional diabetes education and support to build their confidence with diabetes management and
technology, especially with further technological advancements in management.

Young people with type 1 diabetes spend about half of their
waking hours during the week at school. Diabetes manage-
ment is complex and demanding; it requires frequent glu-
cose monitoring, insulin administration, and awareness of
carbohydrate counting and physical activity to achieve and
maintain target glycemic control (1). School nurses play a
crucial role on the health care team by ensuring attention to
all of these tasks (2,3) and thus helping to optimize students’
diabetes well-being during the school day (4–7).

Yet, the management of diabetes has changed dramatically
in the past 10 years, with the development and rapid uptake
of advanced technology, including insulin pumps, continu-
ous glucose monitoring (CGM) systems, and hybrid closed-
loop automated insulin delivery (AID) systems (8). Diabetes
technology use in school presents an opportunity to improve
collaboration with all care team members and reduce the

overall burden of diabetes management (9). However, school
nurses report challenges with effective implementation of
modern diabetes devices in the school setting, including lim-
ited access to training (10,11). Some small studies have demon-
strated that education for nurses can increase their diabetes
knowledge, confidence, and perceived competence (12–14).

The multidisciplinary team of pediatric providers at the
Joslin Diabetes Center has offered a general diabetes educa-
tion program for school nurses for more than 30 years. In
2007, in response to school nurses’ requests for more educa-
tion and hands-on training with insulin pumps, Joslin devel-
oped an insulin pump education program for school nurses.
Attendees at recent general diabetes education and pump
education programs completed an anonymous survey about
their experience and comfort level providing diabetes care
in school.
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For this project, we analyzed survey data from the years
2012–2019, when these educational programs were deliv-
ered in person, prior to the start of the coronavirus dis-
ease 2019 (COVID-19) pandemic. We aimed to describe
the use of advanced diabetes technology in schools and
assess school nurses’ comfort level working with diabetes
technology and performing various diabetes management
tasks. The goal of this work was to further clarify and
elaborate the needs of school nurses to provide optimal
diabetes care in the school setting as technology contin-
ues to advance at an expeditious pace.

Research Design and Methods

Diabetes Education Programs

Attendees at diabetes education programs for school nurses
completed a survey (Supplementary Figure S1) about their ex-
perience as a school nurse and diabetes management in their
schools. Joslin Diabetes Center’s multidisciplinary pediatric
diabetes team (physicians, nurse practitioners, nurse educa-
tors, dietitians, social workers, and psychologists) provided
three education programs for school nurses each year; two
programs provided general diabetes education for the school
setting, and one specifically focused on insulin pumps. At-
tendees pre-registered for the full-day programs (�8 hours
each), which were held at the Joslin Diabetes Center in Bos-
ton, MA (Supplementary Table S1). Although nurses could at-
tend the education programs as many times as they wished,
the majority of nurses attended a single program, with only
about one-third of program attendees reporting attendance
at a previous Joslin education program. The local nursing
credentialing board approved the curricula for continuing ed-
ucation credit of�6.5 contact hours.

School Nurse Survey

At the beginning of each program, school nurses com-
pleted a survey asking about their experience and comfort
with diabetes management in school. The survey was de-
veloped by members of Joslin’s multidisciplinary pediatric
research and clinical diabetes team. It took �10 minutes to
complete and included questions about nursing experience,
the size and grade levels of the school(s) where the nurses
worked, the number of students with type 1 diabetes at their
schools, and their experience and comfort level with diabetes
management and devices. School nurses rated their level of
comfort for various diabetes management tasks on a 5-point
scale (not at all comfortable, just a little comfortable, some-
what comfortable, mostly comfortable, or very comfortable).

For this project, we analyzed data from surveys completed in
the years 2012–2019. Survey responses were anonymous and

did not include any questions asking for personally identify-
ing information. For the analyses, responses of “not at all
comfortable” and “just a little comfortable” were combined
and reported as not at all/just a little comfortable, and re-
sponses of “mostly comfortable” and “very comfortable” were
combined and reported as mostly/very comfortable.The Joslin
Diabetes Center’s institutional review board reviewed this
project and determined that it constituted research but did
not meet the definition of research involving human subjects.

Statistical Analysis

Analyses were conducted using SAS, v. 9.4, statistical software
(SAS Institute, Cary, NC). Categorical data are presented as
frequencies or percentages. Data for continuous variables are
summarized using appropriate measures of central tendency
and dispersion (e.g., mean ± SD or median and range).
Group comparisons were performed using x2 tests. A P value
<0.01 was used to evaluate statistical significance.

Results

School Nurse Characteristics

Across the 8 years, 1,809 of 2,118 attendees completed the sur-
vey (85% response rate). Given the anonymous nature of the
survey, we were unable to compare characteristics of the 309
survey nonresponders with those of the 1,809 responders,
nor could we identify survey responses of those who at-
tended more than one program. Thirteen surveys were ex-
cluded from analyses because the respondent was not a
school nurse, resulting in 1,796 survey responses from school
nurses. Survey completion was fairly consistent by year,
ranging from 195 to 261 surveys per year.

Table 1 presents characteristics of the school nurses. Seventy
percent of the nurses attending the in-person education pro-
gram worked in schools in Massachusetts, 28% worked in
other New England states, and the remaining 2% worked in
other states. The majority of nurses (56%) were experienced
school nurses with at least 5 years of school nurse experi-
ence. Half of the school nurses cared for#500 students, 32%
cared for 501–1,000 students, and 18% cared for >1,000 stu-
dents in their schools. Most of the school nurses (n = 1,540
[86%]) had at least one student with type 1 diabetes, and the
median number of students with type 1 diabetes was 2.

Technology Use Over Time

Among school nurses with at least one student with type 1
diabetes, 73% (n = 1,070) had at least one student using in-
sulin pump therapy. This percentage was relatively stable
over time (Figure 1). Among school nurses with at least
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one student with type 1 diabetes, 48% (n = 696) had at least
one student using CGM. However, this percentage in-
creased significantly over time (P <0.001), from 24% in
2012 to 86% in 2019 (Figure 1). Notably, >50% of school
nurses had students using CGM starting in 2016, which
was likely related to improvements in the technology and
the U.S. Food and Drug Administration’s approval of
CGM for nonadjunctive use (15).

Comfort With Diabetes Management Tasks

Overall, school nurses reported a high level of comfort with
checking blood glucose levels (95% mostly/very comfortable),
giving insulin injections (90% mostly/very comfortable), treat-
ing low and high blood glucose levels (84% and 77% mostly/

very comfortable), checking ketone levels (76% mostly/very
comfortable), and calculating insulin doses (76% mostly/very
comfortable). Comfort levels were lower for diabetes man-
agement involving insulin pumps and CGM systems (47%
mostly/very comfortable giving boluses using the pump, 17%
mostly/very comfortable troubleshooting problems with the
pump, and 22% mostly/very comfortable working with a
CGM device). School nurses with$5 years of school nursing
experience endorsed significantly greater comfort (P <0.001)
with almost all diabetes management tasks than nurses with
<5 years of school nurse experience (Figure 2). The two ex-
ceptions were checking blood glucose levels (P = 0.04), for
which there was a high level of comfort regardless of school
nursing experience, and working with a CGM device (P =
0.16), for which there was a low level of comfort regardless of
school nursing experience. Furthermore, while the majority
of school nurses with $5 years of school nursing experience
endorsed feeling mostly/very comfortable with many funda-
mental tasks, including communicating with health care pro-
viders, treating a high blood glucose level, checking ketone
levels, calculating insulin doses, calculating carbohydrate
content, and training school personnel about diabetes, nearly
one in five did not endorse such comfort with these diabetes
tasks.

School nurses who had at least one student using pump ther-
apy or CGM reported greater comfort with these devices than
nurses who did not have a student using them. For the task of
giving boluses using the pump, 56% of nurses with a student
using pump therapy reported being mostly/very comfortable
compared with 31% of nurses without a student using pump
therapy (P <0.001). For troubleshooting problems with the
pump, 21% of nurses with a student using pump therapy re-
ported being mostly/very comfortable, compared with 11% of
nurses without a student using pump therapy (P <0.001). For
working with a CGM device, 42% of nurses with a student us-
ing CGM reported being mostly/very comfortable, compared
with 9% of nurses without a student using CGM (P<0.001).

Comfort Using Technology Over Time

School nurses’ comfort level with insulin pumps was stable
over time, but school nurses were more comfortable delivering
an insulin bolus using a pump (range 42–54% mostly/very
comfortable [Figure 3A]) than troubleshooting problems with
an insulin pump (range 15–19% mostly/very comfortable [Fig-
ure 3B]). In contrast, there was a significant increase in school
nurses reporting feeling mostly/very comfortable working
with CGM devices (P <0.001), increasing from 9% in 2012 to
44% in 2019 (Figure 3C). Despite this significant increase in
comfort over time, still less than half of the school nurses re-
ported feeling mostly/very comfortable working with CGM

TABLE 1 Characteristics of School Nurses Completing
the Survey (N = 1,796)

Characteristic % or Median (IQR)

Experience as a school nurse, years
<5
5–10
>10

44
21
35

School practice setting
Elementary school (kindergarten to 5th grade)
Middle school (6th to 8th grade)
High school (9th to 12th grade)
Multiple grade levels

37
14
13
36

Number of students in school(s)
#500
501–1,000
>1,000

50
32
18

Have at least 1 student with type 1 diabetes 86

Number of students with type 1 diabetes 2 (1–4)

IQR, interquartile range.

FIGURE 1 Percentage of school nurses with $1 student using
an insulin pump or CGM system over time from 2012 to 2019.
The denominator is school nurses with$1 student with type 1
diabetes.
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devices in the most recent years. There were no significant
changes in comfort level over time for any of the other diabe-
tes management tasks.

Discussion

School nurses must manage the health care needs of many
students, including the often complex medical needs of stu-
dents with chronic health conditions such as type 1 diabetes.
Among the school nurses who attended the Joslin diabetes
education programs for school nurses from 2012 to 2019,
86% had at least one student with type 1 diabetes. Given that
this was a specialized school nurse education program for
diabetes, it is not surprising that school nurses caring for
students with diabetes would elect to attend such a program.
In contrast, in a survey about medication management com-
pleted by >5,000 school nurses, 59% of school nurses re-
ported administering insulin daily (16). Importantly, the care
provided by school nurses has become increasingly complex,
with most nurses in this sample reporting having at least one
student using insulin pump therapy and a rapidly increasing
number of students using CGM.

School nurses must constantly adapt to the ever-changing
landscape of diabetes management, particularly with regard
to diabetes technology. Insulin pump therapy can be compli-
cated, especially the task of troubleshooting issues such as
pump site failures and error messages or managing ketones.
A previous study highlighted how school nurses reported lim-
ited knowledge of insulin pump use (17), and an additional
qualitative report revealed that nurses felt “scared” when us-
ing insulin pumps (18). Our analysis demonstrated that fewer
than one in five school nurses felt comfortable with trouble-
shooting an insulin pump. Furthermore, nearly one in five
did not endorse comfort with fundamental diabetes tasks.

Notably, insulin is considered a high-alert medication given
that it can cause serious harm if used incorrectly, and it is
known that dosing errors occur commonly in the hospital
setting (19–21). Thus, it is not surprising that nurses may feel
less comfortable using and troubleshooting a device that de-
livers insulin compared with other diabetes devices.This dis-
tinction is important and underlines the need for continued
support and education for school nurses as diabetes technol-
ogy advances, and particularly with the dissemination of

FIGURE 2 Comfort level with diabetes management tasks by years of school nurse experience. *P<0.001.
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hybrid closed-loop AID systems, for which an insulin pump
is fundamental to their operation and with which nurses
may have less control over automated insulin dosing deci-
sions during the school day.

Furthermore, recent reports reveal an eightfold or higher
increase in the use of CGM in young people with type 1 di-
abetes (8). Real-time CGM provides glucose trend information
and allows for remote monitoring of glucose levels—features
that can be vitally important to help diabetes management
at school (9,22). The use of CGM and insulin pumps will

likely continue to increase as new integrated algorithms are
developed and approved for use, contributing to the com-
plexity of diabetes management in schools.

As expected, in our sample, school nurses with students us-
ing insulin pumps or CGM systems were more comfortable
using those devices, similar to the experience described by
March et al. (10), in which nurses with real-world practice us-
ing diabetes devices became more comfortable over time.
Additionally, our analysis demonstrated that, as more stu-
dents used CGM, nurses’ comfort with the devices also in-
creased. However, in the most recent years, less than half of
the school nurses reported feeling comfortable using CGM,
and there was no significant difference in comfort between
nurses with less experience and those with more experience.

A major strength of this work is the collection of data over
an 8-year time span, during which the use of diabetes tech-
nology in the pediatric population greatly expanded, thus al-
lowing this analysis to assess school nurses’ comfort level
with diabetes management in relation to these advances in
diabetes technology over time. However, there remain a few
limitations. School nurses who completed the survey were
attending a diabetes education program and therefore may
not represent all school nurses caring for young people with
type 1 diabetes. In addition, most of the school nurses were
from one geographic region. Therefore, the results may not
be generalizable to the rest of the United States or abroad.
Furthermore, future efforts can include a validated survey
such as the recently published Diabetes Device Confidence
Scale for school nurses (23). Finally, these data reflect the
school nurse education programs delivered before the start
of the COVID-19 pandemic, which required a rapid transi-
tion from in-person to virtual school nurse education pro-
grams that did not include survey collection. Therefore,
additional evaluation of school nurse education is needed
for the pandemic period, which parallels the increased avail-
ability of hybrid closed-loop AID systems.

Conclusion

School nurses are an integral part of the diabetes manage-
ment team for young people living with type 1 diabetes
and hold a primary responsibility for the coordination
and provision of diabetes care during the school day. This
analysis revealed that school nurses’ comfort with diabe-
tes management is not universal and may be especially
limited with respect to advanced diabetes technology use.
Thus, there is an urgent need for additional support, education,
and re-education for school nurses to increase their comfort
with diabetes management in general and diabetes devices in

FIGURE 3 Comfort level for diabetes technology–related tasks from
2012 to 2019: giving boluses using the pump (A), troubleshooting
problems with the pump (B), and working with a CGM device (C).
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particular, especially as technology advances and school nurses
must adapt to the dynamic nature of diabetes care.

FUNDING

K.W.’s work was supported in part by National Institutes of Health
Training Grant No. T32DK007260. This work was supported by
the Maria Griffin Drury Pediatric Fund and the Eleanor Chesterman
Beatson Fund.

DUALITY OF INTEREST

No potential conflicts of interest relevant to this article were
reported.

AUTHOR CONTRIBUTIONS

A.G. contributed to data visualization, performed formal data analysis,
and wrote, reviewed, and edited the manuscript. K.W. wrote, reviewed,
and edited the manuscript. L.A.H. participated in the study conceptual-
ization, reviewed and edited the manuscript, and handled project ad-
ministration. L.K.V. participated in the study conceptualization,
developed the methodology, performed formal data analysis, and re-
viewed and edited the manuscript. L.M.L. participated in the study
conceptualization, developed the methodology, performed formal data
analysis, reviewed and edited the manuscript, and acquired funding
for the project. L.M.L. is the guarantor of this work and, as such, had
full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

PRIOR PRESENTATION

Portions of this article were presented at the virtual 47th Annual
Conference of the International Society for Pediatric and Adolescent
Diabetes in October 2021.

REFERENCES

1. American Diabetes Association Professional Practice Committee.
Introduction: Standards of Medical Care in Diabetes–2022.
Diabetes Care 2022;45(Suppl. 1):S1–S2

2. Wagner J, Heapy A, James A, Abbott G. Brief report: glycemic
control, quality of life, and school experiences among students
with diabetes. J Pediatr Psychol 2006;31:764–769

3. Jackson CC, Albanese-O’Neill A, Butler KL, et al. Diabetes care
in the school setting: a position statement of the American
Diabetes Association. Diabetes Care 2015;38:1958–1963

4. Driscoll KA, Volkening LK, Haro H, et al. Are children with type 1
diabetes safe at school? Examining parent perceptions. Pediatr
Diabetes 2015;16:613–620

5. Kise SS, Hopkins A, Burke S. Improving school experiences for
adolescents with type 1 diabetes. J Sch Health 2017;87:363–375

6. Peery AI, Engelke MK, Swanson MS. Parent and teacher
perceptions of the impact of school nurse interventions on children’s
self-management of diabetes. J Sch Nurs 2012;28:268–274

7. Nguyen TM, Mason KJ, Sanders CG, Yazdani P, Heptulla RA.
Targeting blood glucose management in school improves

glycemic control in children with poorly controlled type 1
diabetes mellitus. J Pediatr 2008;153:575–578

8. Foster NC, Beck RW, Miller KM, et al. State of type 1 diabetes
management and outcomes from the T1D Exchange in
2016–2018. Diabetes Technol Ther 2019;21:66–72

9. Erie C, Van Name MA, Weyman K, et al. Schooling diabetes: use
of continuous glucose monitoring and remote monitors in the
home and school settings. Pediatr Diabetes 2018;19:92–97

10. March CA, Nanni M, Kazmerski TM, Siminerio LM, Miller E,
Libman IM. Modern diabetes devices in the school setting:
perspectives from school nurses. Pediatr Diabetes 2020;
21:832–840

11. March CA, Oyetoro R, Adams J, Rodriguez H, Albanese-O’Neill
A. School nurse perspectives on do-it-yourself automated
pancreas systems in the school setting. Diabetes Technol Ther
2021;23:705–709

12. Smith CT, Chen AM, Plake KS, Nash CL. Evaluation of the
impact of a diabetes education curriculum for school personnel
on disease knowledge and confidence in caring for students.
J Sch Health 2012;82:449–456

13. Bullock LF, Libbus MK, Lewis S, Gayer D. Continuing
education: improving perceived competence in school nurses.
J Sch Nurs 2002;18:360–363

14. Faro B, Ingersoll G, Fiore H, Ippolito KS. Improving students’
diabetes management through school-based diabetes care.
J Pediatr Health Care 2005;19:301–308

15. FDA advisory panel votes to recommend non-adjunctive use of
Dexcom G5 mobile CGM. Diabetes Technol Ther 2016;18:512–516

16. Maughan ED, McCarthy AM, Hein M, Perkhounkova Y, Kelly
MW. Medication management in schools: 2015 survey results.
J Sch Nurs 2018;34:468–479

17. Kobos E, Imiela J, Kryczka T, Szewczyk A, Knoff B. Actual and
perceived knowledge of type 1 diabetes mellitus among school
nurses. Nurse Educ Today 2020;87:104304

18. Darby W. The experiences of school nurses caring for students
receiving continuous subcutaneous insulin infusion therapy.
J Sch Nurs 2006;22:336–344

19. American Diabetes Association Professional Practice Committee.
16. Diabetes care in the hospital: Standards of Medical Care in
Diabetes—2022. Diabetes Care 2022;45(Suppl. 1):S244–S253

20. Institute for Safe Medication Practices. High-alert medications
in acute care settings. Accessed 30 January 2023. Available
from https://www.ismp.org/recommendations/high-alert-
medications-acute-list

21. Amori RE, Pittas AG, Siegel RD, et al. Inpatient medical errors
involving glucose-lowering medications and their impact on
patients: review of 2,598 incidents from a voluntary electronic
error-reporting database. Endocr Pract 2008;14:535–542

22. Benassi K, Drobny J, Aye T. Real-time continuous glucose
monitoring systems in the classroom/school environment.
Diabetes Technol Ther 2013;15:409–412

23. March CA, Hill A, Kazmerski TM, et al. Development and
psychometric analysis of the Diabetes Device Confidence Scale
for school nurses. Pediatr Diabetes 2022;23:820–830

FEATURE ARTICLE School Nurses’ Comfort With Diabetes

210 DIABETESJOURNALS.ORG/SPECTRUM

https://www.ismp.org/recommendations/high-alert-medications-acute-list
https://www.ismp.org/recommendations/high-alert-medications-acute-list
https://diabetesjournals.org/spectrum

