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Background: Type 1 diabetes is a life-threatening, autoimmune disease commonly found in pediatric patients. Although schools
are the prominent environments in which symptoms are exhibited, studies are predominantly about dealing with an established
condition, not the discovery of this disease. This study fills an important research gap by examining the familiarity, knowledge,
and training of middle schools, as well as high schools, in Southern California about T1D.

Methods: A quantitative cross-sectional survey was conducted among practicing school nurses in Southern California using
Google Forms. Data were collected through 5-point Likert scales for demographics and self-reported levels of clinical knowledge,
preparedness, recency of training, and particular reference practices pertaining to early recognition of type 1 diabetes.

Results: Thirty-six school nurses representing twenty districts took part in this study. Most of the respondents had a moderate
to high level of comfort and knowledge with regard to recognizing warning signs. Respondents with more recent training
reported higher levels of competency. Respondents reporting higher comfort also reported a greater number of recommendations.
Nevertheless, despite their general level of comfort, many of the respondents reported their own T1D training to be minimal or
outdated. The design of this study cannot prove causation as all of the data from respondents was self-reported.

Conclusions: The findings indicate that, although the school nurses self-reported they have the competency to recognize the
early warning signs of T1D, the degree to which they are prepared to do so appears related to educational background, in other

words, nurses with more recent training generally reported higher levels of competence.
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Introduction

According to the American Diabetes Association!, there are
approximately 304,000 children, teenagers, and adolescents
in the United States that have type 1 diabetes (T1D). Type 1
diabetes is an autoimmune disease in which the body’s im-
mune system attacks the insulin-producing beta cells in the
pancreas. In type 1 diabetes, the pancreas no longer produces
sufficient insulin that is necessary to move the sugar into the
cells. About 1/300 people under the age of eighteen are di-
agnosed with this disease and there are approximately 18,000
new diagnoses of the disease in the United States every year.
Because T1D often first appears in childhood, schools are an
important setting for noticing early symptoms. The aim of this
study is to assess the level of comfort and training of Southern
California middle and high school nurses to recognize early
warning signs and identify that the student is developing type
1 diabetes. The study’s results were tied to these few main
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research questions:

How is a nurses’ preparedness connected to career recom-
mendation? How are nurses’ comfort levels connected to their
career recommendation? Is there a connection between higher
knowledge and more career recommendations? Is a higher
likelihood of recognizing T1D connected to a higher number
of career recommendations? How is training recency con-
nected to career recommendation? Is comfort level linked to
training recency? How is knowledge related to comfort levels?

Rationale for the Present Study

As school nurses interact with school age kids quite often,
they play a crucial role in the recognizing of early warning
signs and undiagnosed T1D because children spend much of
their day at school, where early symptoms may first appear.
If untreated, these children may develop ketoacidosis which
can lead to hospitalization or death if not treated promptly.
Previous research has primarily supported how school nurses
support students already diagnosed with type 1 diabetes>> as
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well as the fact that school nurses’ have the knowledge and
training to assist and help students manage their already di-
agnosed with type 1 diabetes*%. Yet, far few studies have
focused on nurse’s training or ability with recognizing early
warning signs and identifying that the student has type 1 dia-
betes. Specifically, we are unsure about the comfort of school
nurses as it pertains to early recognition and the current knowl-
edge they have about the warning signs that might lead to early
recognition. Adding to that, we don’t know how well pre-
pared school nurses are from the training they have received
to recognize these early warning signs and recommend addi-
tional evaluation. The convergence of systemic barriers, doc-
umented training and knowledge gaps, discrepancies between
perceived and actual knowledge, and the demonstrated influ-
ence of training recency collectively motivated the design of
the present study. These patterns suggest potential vulnerabili-
ties in school nurses’ preparedness to recognize early warning
signs of T1D. According to this perspective, the study inves-
tigated school nurses’ capabilities in recognizing early man-
ifestations of T1D in Southern California. Notably, most of
the existing literature has involved the management of the dis-
ease rather than the early recognition of the signs of T1D, and
the potential study should, thus, contribute to the extension of
the current literature to an important, yet relatively uncharted
field. The study outcome can, hence, serve to guide other re-
search, the learning institutions at varying levels, and the train-
ing programs designed to improve the early diagnosis of T1D.

Literature Review and Related Works

Existing literature on school nurses and type 1 diabetes (T1D)
has largely focused on the care and support of students who
have already been diagnosed, whereas there has been limited
attention to early detection and recognition of warning signs.
Patterns in the literature reveal key themes around manage-
ment challenges, nurse competencies, training gaps, and the
impact of school nurse interventions.

Management and Support of Students Diagnosed with
Type 1 Diabetes

One concept that consistently appears in the literature is the
systemic and institutional challenges faced by students al-
ready diagnosed with T1D. Studies have reported insufficient
numbers of school nurses, limited availability of diabetes-
related medical supplies, and constraints on students’ abil-
ity to self-manage their condition during school hours>*7-8,
These limitations make it difficult for students to conduct es-
sential diabetes-related tasks, such as fingerstick blood glu-
cose tests and ketone measurements, both in classrooms and
the nurses’ office. Inadequate procedures for testing blood
glucose, urine, or ketone levels in school settings can increase

the risk of hypoglycemia or hyperglycemia among children
with diabetes>*>9:10,

In addition, students may experience stigma or reduced aca-
demic support due to limited understanding of diabetes in ed-
ucational environments, creating barriers to fostering a sup-
portive learning environment>~*7-11. Collectively, these stud-
ies highlight that systemic challenges play a critical role in the
effectiveness of diabetes care delivery in schools.

Despite these obstacles, school nurses are instrumental in
supporting students with T1D by providing both safe diabetes
care and emotional support. Nurses act as critical facilitators
in managing the child’s care at school, helping ensure safety
and promoting emotional well-being*!>13.

Research demonstrates that when adequate resources are
available, children experience positive outcomes, reinforc-
ing the importance of functional diabetes care frameworks in
school settings 31314, Hastings (2026) ' specifically empha-
sizes the benefits of collaborative approaches between school
nurses and local health systems, showing that empowering
nurses through structured support networks improves the qual-
ity of diabetes management in schools.

Knowledge and Training Gaps Among School Nurses

In addition to systemic issues, knowledge and training gaps
influence the capacity of school nurses to support students
with T1D. While nurses generally report confidence in rou-
tine blood glucose monitoring, they show lower confidence
and competence in performing urine ketone tests and recog-
nizing less obvious symptoms>”. These findings suggest that
nurse competencies may vary depending on task complexity
and prior training.

Studies highlight a critical need for ongoing T1D-related
education, particularly regarding contemporary treatment
methods and technology usage %1517, Recency of training is
a key predictor of diabetes-specific knowledge: nurses who re-
ceived training within the last six months demonstrate higher
levels of competence compared to those trained over a year
prior>. Uhm and Kim (2025)'® conducted a mixed-methods
systematic review, finding that while school nurses generally
demonstrate baseline competency, significant variability ex-
ists, especially in integrating technological diabetes devices

into care plans '°.

Discrepancies Between Perceived and Actual Knowledge

A recurring theme is the discrepancy between perceived and
actual knowledge, which has critical implications for clinical
judgment and safety. Kobos et al. (2020)'? observed a neg-
ative relationship between nurses’ perceived confidence and
their actual knowledge, a trend also noted in earlier studies
of healthcare professionals %2, Overconfidence without cor-
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responding competence may delay recognition of early T1D
signs, such as polydipsia, polyuria, unexplained weight loss,
and fatigue. Aligning perceived confidence with actual com-
petencies is therefore crucial for effective early identification
and safe care provision in schools.

Diabetes Management Technology and School Nurse Im-
pact

Recent literature emphasizes the growing role of technology
in diabetes management. Cangelosi et al. (2024)'5 con-
ducted a systematic review demonstrating that school nurses
who are proficient in using insulin pumps, continuous glu-
cose monitors (CGMs), and other devices significantly im-
prove glycemic outcomes among students. Similarly, Moffitt
(2025) 16 found that device knowledge and confidence among
nurses directly correlate with timely intervention and effective
care planning. These findings underline the need for training
programs that integrate both clinical and technological com-
petencies 1921,

Limited Research on Early Recognition of Type 1 Diabetes
in School Settings

Although there is substantial research on diabetes manage-
ment for diagnosed students, gaps remain in early symptom
recognition. Few studies investigate whether school nurses
are equipped to identify initial T1D signs, such as increased
thirst, frequent urination, unexpected weight loss, and abnor-
mal fatigue'!.

Much of the existing literature focuses on supporting stu-
dents after diagnosis rather than examining school nurses’
ability to recognize early symptoms that may lead to diagno-
sis, which is reflected in studies focusing on school-based di-
abetes management, nurse experiences, and support systems
for students already diagnosed with T1D813.17.19.22,

Existing research has primarily focused on hospital or clin-
ical settings rather than schools, leaving a gap in understand-
ing the early recognition capacity of school nurses. Smith et
al. (2019)% and Wilt (2021)?* also emphasizes that nurse-
to-student ratios and self-efficacy affect the ability to monitor
and support early detection, suggesting that structural and ed-
ucational interventions are necessary.

Viklund and Wikblad (2009)%, Teenagers’ perceptions of
factors affecting decision-making explored teenagers’ per-
spectives, highlighting that adolescents’ ability to self-manage
T1D is influenced by the quality of school nurse support and
guidance. Together with Uhm and Kim (2025) '® and Hastings
(2026) '4, these studies suggest that empowering school nurses
through education, structured collaboration, and competency
development can improve both early recognition and ongoing
management of T1D in school settings.

Methods

Sample

The research question of this study was “How comfortable are
Southern California Middle and High school nurses with rec-
ognizing early warning signs and identifying that the student
is developing Type 1 Diabetes?”. To answer this question, sur-
veys were sent out to nurses across Southern California.

Recruitment

The emails of the school nurses were obtained from their re-
spective school websites, approximately 120 school nurses re-
ceived the email and only about 36 responded to the survey.
To be invited to participate in the study, respondents had to
be practicing school nurses in middle and high schools, which
means school nurses in colleges, preschools, or elementary
schools were excluded as well as nurses that work in hospi-
tals or clinics. The interface used for the survey was google
forms. The relevance of the data collected improved as the
participants were all licensed nurses with experience in the
field of nursing and medicine for minors (students).

Data Analysis

Survey responses were analyzed using descriptive statistics
only. For Likert-scale items (1-5), including knowledge
scores and comfort levels, average scores were calculated for
each question within each group. The average number of ca-
reer recommendations was also calculated by group for the
relevant survey item.Categorical variables (e.g., training re-
cency, preparedness level) were summarized using frequen-
cies and percentages. Missing responses were excluded on a
per-question basis (i.e., analyses were conducted using avail-
able data for each item).No inferential statistical analyses were
conducted.

Ethical Considerations

The participants were contacted by email and were given an
explanation of the study’s purpose, procedures, time commit-
ment, risks and benefits, and confidentiality protections. To
ensure consent, all participants were required to print their
names before continuing on to fill out the survey. This sur-
vey was completely voluntary and had possible self-selection
bias with the responses. All personally identified information
was kept confidential. After the publication of this survey,
the online version of the personal information of the partici-
pants was deleted. This study was reviewed and approved by a
human-subjects high-school IRB board following the federal
guidelines. All materials were reviewed and approved prior to
the conduction of this study.
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Measures

Survey items were grouped into the following constructs:
training and training recency, recognition, likelihood of diag-
nosis, knowledge, comfort, preparedness, and perceived im-
portance.

Most items were measured using 5-point Likert scales, with
higher values indicating greater levels of the construct (e.g.,
higher knowledge, comfort, or likelihood). For each Likert-
scale item, responses ranged from 1 to 5 with anchors appro-
priate to the question (e.g., “not at all” to “very,” or “low like-
lihood” to “high likelihood”).

Training and Training Recency

Participants reported whether they had received formal train-
ing on recognizing early signs of undiagnosed Type 1 Diabetes
(e.g., within the past 2 years, prior to 2023, never, or unsure).
Additional items assessed perceived adequacy of training and
resources.

Recognition

Recognition was assessed using items asking whether partici-
pants had ever identified or referred a student for possible un-
diagnosed Type 1 Diabetes (yes/no/unsure).

Likelihood of Diagnosis

Items measured how likely participants were to recommend
further evaluation when students presented with symptoms
(e.g., excessive thirst, weight loss), as well as how frequently
they considered Type 1 Diabetes in relevant cases.

Knowledge, Comfort, Preparedness, and Importance

These constructs were each assessed using single-item Likert
measures evaluating self-reported knowledge of early warning
signs, comfort in recognizing symptoms, preparedness from
prior training, and perceived importance of recognizing undi-
agnosed Type 1 Diabetes.

Open-Ended Responses

The survey also included open-ended questions asking partic-
ipants to describe their experiences recommending evaluation,
sources of knowledge, and resources that would improve their
confidence or effectiveness in identifying potential cases.
Some of the questions in the survey involved demographics
such as: the district they work in, the number of years they
had been working as a school nurse, the number of students
that attend their school and the number of students they in-
teracted with on a daily basis. Other questions regarded their

comfort with and their knowledge of warning signs of T1D,
for example: their comfort level as it pertains to the recog-
nition of the early warning signs of T1D, their knowledge-
able with the warning signs, and if they believe their health-
care training has prepared them well for recognizing undiag-
nosed T1D. For each of these abstract topic of level of com-
fort, knowledge and preparedness, a scale from 1-5 was used,
with five being “very” and one being “not at all”’. These terms
were also defined as comfortable would be feeling confident
enough to undoubtedly recognize early warning signs, knowl-
edgeable would be able to recognize the main four early warn-
ing signs to be aware of (frequent urination, excessive thirst,
unexplained exhaustion, and unexplained weight loss), and
preparedness would be whether or not they learned about the
warning signs of T1D and what to look out for through differ-
ent titles like Registered Nurse(RN) and Bachelor of Science
in Nursing (BSN).

Other questions involved the kind of symptoms that may be
a sign of diabetes, some of which included questions like: If
a student came in presenting signs such as (excessive thirst,
unexplained weight loss, abdominal pain and frequent urina-
tion) what is the likelihood you would recommend additional
evaluation for students with undiagnosed type 1 diabetes, how
many times in their career have they recommended additional
evaluation due to them suspecting undiagnosed T1D, and how
often they consider T1D when a student present general symp-
toms. To further evaluate their knowledge of the disease, the
survey included questions about what other resources would
expand their knowledge or reinforce it. Some of which we
question along the lines of: What resources or training would
increase your confidence in recognizing early signs of type 1
diabetes. If you are already confident, what resources would
you recommend or would be beneficial to you, and is there
anything else you’d like to share about recognizing or manag-
ing undiagnosed type 1 diabetes in your school setting. The
data was then analyzed for common trends.

Results

General Demographic Information About Participants

The survey was filled out by thirty six school nurses, in twenty
school districts across Southern California. On average, the
participants interact with about thirty students per day. On
average, the participants also have been working as school
nurses for around eleven years, with some working as many as
23, 24, and 28, while others only 1, 2 or 4 years. The partici-
pants on average worked at schools with approximately 2800
students. There are about four or five participants who cover
multiple sites (schools) or entire districts, and there are about
600, 1800 or 3800 students attending all of the schools they
cover.
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As can be seen from Figure 1, when asked if they have re-
ceived any specific/formal training on recognizing the early
warning signs of undiagnosed type 1 diabetes, fifty-three per-
cent of school nurses said they had within the last two years.
However, in the same graph, about nineteen percent said they
have never received any training and another nineteen percent
said they had but it was before 2023 (two years ago). Addi-
tionally, nine percent of participants answered with “unsure”
or “can’t recall”’. They were also asked questions involving
their prior education. About 19.4 percent of participants have
a MSN (Master of Science in Nursing), 13.9 percent have a
BSN (Bachelor of Science in Nursing) with school nursing,
another 13.9 percent have a master’s degree and 5.6 percent of
participants have a doctoral level (D.N.P(Doctor of Nursing
Practice) / M.D. (Doctor of Medicine).

(n=7)

19.4%

When did you last
receive training on
Type 1 Diabetes (T1D)?
{n=36 school nurses)

Yes, before 2023
(n=T)
19.0%

Figure. 1 Last Received Training - Training Recency of Type 1
Diabetes (T1D) for School Nurses (Total n=36). This chart illus-
trates survey responses on how recently school nurses received spe-
cific training on T1D. A significant majority of nurses (72.2%) had
training within the last two years or before 2023, indicating a good
level of current and historical preparedness. Specifically, the major-
ity (52.8%) were trained within the last two years.

Results From Data

When asked whether they felt comfortable recognizing the
early warning signs of type 1 diabetes, approximately thirty-
nine percent of participants said they felt “very comfortable”
and together, forty four percent said they were “comfortable
or somewhat comfortable”. Figure 2 displays the level of
comfort rating respondents felt about recognizing the early
warning signs of T1D by the training recency whether that
be within in the last two years, before that, never, or unsure.
As can be seen from Figure 2, respondents with more recent
training reported higher comfort levels. Figure 3 displays the
median number of recommendations for further student evalu-
ation, stratified by nurses’ self-reported comfort levels in rec-
ognizing early warning signs of type 1 diabetes. Higher com-
fort levels, i.e., levels 4 and 5, are generally associated with
higher median recommendation counts.
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Figure. 2 Level of Comfort by Training Recency - The nurses’ rel-
ative comfort level increases for those who have had more recent

training
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Figure. 3 Median # of Recommendations By Level of Comfort -
Nurses that have a higher level of comfort with the signs of T1D tend
to recommend further evaluation more frequently

As can be seen in Figure 3, level of comfort rating and
the median number of recommendations appears associated
meaning nurses with a higher level of comfort may make more
recommendations. Figure 4 displays the average knowledge
score respondents reported of the warning signs of T1D by the
level of comfort rating which again represented nurses’ level
of comfort for recognizing the warning signs. Respondents re-
porting higher comfort also reported higher knowledge scores
(*These counts could also be influenced by a nurse’s years of
experience and student exposure*).

Figure 5 displays the knowledge rating by the average num-
ber of career recommendations, a self-reported number, that
represents the number of times respondents have recognized
the early warning signs of T1D and referred the student for
additional evaluation. Again, we see that the number of ca-
reer recommendations and the nurse’s knowledge appear as-
sociated with each other. It is equally important to consider
the implication of those with greater self-perceived knowledge
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Comfortability Rating (1-5)

Average Knowledge Score

Figure. 4 Knowledge by Level Of Comfort - Nurses knowledge
seems to correlate with nurses comfort level

not necessarily having greater true knowledge or requiring fur-
ther exploration to distinguish whether it is knowledge, confi-
dence, or guidance systems associated with more paths.

7.0
n=14

5.0 5.83
5.0

4.0
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n=3
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1 2 3
Knowledge Rating (1-5)

Average # Of Recommendations

Figure. 5 Knowledge by Average Career Recommendations - Nurses
that have a higher degree of comfort tend to make more recommen-
dations for further evaluation of students that may be exhibiting signs
of T1D

Forty-three percent of school nurses responded to “How
knowledgeable are you with the early warning signs of un-
diagnosed type 1 diabetes?” that they were somewhat knowl-
edgeable or not very knowledgeable. To that same question,
thirty-six percent that they were very knowledgeable with the
early warning signs of T1D. Forty-three percent of school
nurses responded to a question on how well prepared they
felt from healthcare training for recognizing undiagnosed T1D
with somewhat prepared, very or not prepared. Again, thirty-
six percent said that they were very prepared to recognize un-
diagnosed T1D. Many school nurses do believe that it is im-
portant that they can recognize early warning signs, which can
be seen with the fact that ninety-five percent said they thought
it was “important or very important”.

To specifically answer the research question, the partici-
pants were asked if a student of theirs presented signs of type 1
diabetes, what would be the likelihood of them recommending
additional evaluation for undiagnosed type 1 diabetes. Fig-
ure 6 displays how likely the respondent felt they would rec-
ommend additional evaluation for undiagnosed T1D when a
student came in presenting the warning signs, by the num-
ber of career recommendations the respondents had made. A
higher likelihood generally indicates higher recommendation
accounts.

Approximately sixty percent of school nurses said there
would be a high likelihood they would recommend additional
evaluation and about twenty-eight percent of the participants
said that there was a moderate likelihood. This also generally
hints that nurses again may feel comfortable recognizing early
warning signs, and then refer the student for evaluation.

5.0 n=22
4.5 4.37
4.0
3.5
3.0
2.5
2.0

n=10
1.5

1.13

1.0
05 n=0 n=2 n=z2
0.0 - =

1 2 3 4 5
Likelihood Rating (1-5)

Average # Of Recommendations

Figure. 6 Likelihood vs. Average Career Recommendations - Nurses
that have made more recommendations in their past tend to have a
higher likelihood of doing so

Participants were also asked how many times they have rec-
ommended additional evaluation after recognizing early warn-
ing signs. Forty-four point four percent of participants said
they have never done it. About 8.6 percent also answered five
times and another 8.6 percent answered two times. However,
there were some anomalies. 2.9 percent answered they have
done it approximately ten times, another said they had done
it thirty times. Participants were also asked further questions
about whether or not they were able to recognize early warn-
ing and connect that the student may have undiagnosed T1D.
Specifically, when asked if a student presented general symp-
toms (that coincide with the warning signs of T1D) that could
be mistaken for something else, forty-one percent said they
would “often” consider it to be T1D. Furthermore, twenty-
seven percent said they would sometimes consider it to be
T1D. There were also questions that pertained to whether they
felt the training and resources enabled them to better recog-
nize the early warning signs of T1D. When asked, forty-seven
percent answered with “yes” and fifty percent answered with
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“somewhat” or “no”.

Figure 7 displays the training recency rating (training re-
sponse) and the average number of recommendations made by
respondents. Respondents with more recent training tended to
report a higher average number of recommendations.

6.0

n=20
5.0 4625
4.0
3.0

2.0

- . . I
0.0
1 3

Average # Of Recommendations

Recency of Training

Figure. 7 Training Recency vs. Career Recommendations - Nurses
that had more recent training tend to make more recommendations
for further evaluation

Qualitative Data from Survey

To further our understanding of this topic, participants were
asked where them as school nurses had received the spe-
cific training or resources from. To sum up the responses,
a couple of participants said they received it from BSN or
RN programs, many answered nursing school in general, and
the rest answered about experience from working in the field
or from hospitals like CHOC (Children’s Hospital of Orange
County) and diabetes-related or nurse conferences. If partici-
pants didn’t feel like they had been adequately trained to rec-
ognize the early warning signs of T1D or wanted to feel even
more confident about it, the questionnaire asked what would
further their confidence or what they would recommend to fur-
ther other’s confidence. Answers to this question were derived
as more recurring and frequent training that is easily accessi-
ble and collaboration with hospitals and other institutions for
education and support. Other themes included: preference and
recommendation of training formats like case-studies, simula-
tions, seminars and conferences and other other training activ-
ities in collaboration with CHOC and PADRE (Pediatric Ado-
lescent Diabetes Research and Education). Many participants
also requested things like updated diabetes information and
practical tools like handouts or checklists that outline the var-
ious warning signs of undiagnosed T1D. While the final ques-
tion included any other information they would like to add
about recognizing and/or managing T1D in a school setting,
many of the responses coincided with the ones from the previ-
ous question. Responses restated the need for yearly or recur-

ring training but also standardized training and the importance
of recognizing the early warning signs. Further information
included better communication with parents of student switch
potential undiagnosed T1D as well as healthcare providers,
as well as written materials for families and staff that explain
symptoms and further steps to take. Many requested Spanish-
language materials to serve the population.

Discussion

Key Takeaways

These trends don’t establish directionality between values nor
the causation of certain trends. Across the measured domains,
respondents reporting higher preparedness also reported more
recommendations. Respondents who reported higher levels
of comfort in considering type 1 diabetes when students pre-
sented with general or nonspecific symptoms demonstrated
a higher average number of career recommendations com-
pared to those reporting lower levels of comfort. Similarly, re-
spondents with higher self-reported knowledge levels showed
greater average numbers of recommendations, whereas those
reporting lower knowledge levels rarely reported making rec-
ommendations (*These counts could also be influenced by a
nurse’s years of experience and student exposure*). When
evaluating likelihood of considering type 1 diabetes in the
presence of warning signs, respondents selecting higher rat-
ings again demonstrated the greatest average number of rec-
ommendations, suggesting a strong alignment between self-
reported likelihood and clinical action. In addition, respon-
dents who reported receiving training within the last two years
demonstrated a substantially higher average number of career
recommendations compared to those trained prior to 2023,
those unable to recall their training, or those who reported
never receiving training, however these counts could also be
influenced by a nurse’s years of experience and student ex-
posure. Collectively, these trends suggest, despite their self-
reported and descriptive nature, that increased levels of com-
fort, knowledge, likelihood, and recent training are associ-
ated with greater identification and referral behaviors related
to type 1 diabetes, though findings should be interpreted de-
scriptively given variability in respondent distribution.

The findings of this study both extend and complicate prior
research done in topics surrounding those discussed in this
study. Many nurses lack the knowledge and training for
diabetes-related tests, in this study, school nurses generally do
have the knowledge and training to recognize early warning
signs but not necessarily perform diabetes-related tests>!0. Tt
refutes the claim as school nurses do have the knowledge to
recognize early warning signs, knowledge that is also not per-
ceived as other studies ' claimed it would be. It does not di-
rectly support the claims concerning school nurses’ prepared-
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ness to carry out diabetes-related tests but rather focuses their
ability to identify early warning signs, which has not been ad-
dressed previously in the literature. Prior work has also come
to see that school nurses have perceived knowledge *>10:11.20,
We can see through the data collected in this study that prior
research is complicated, with the fact that 55% of the 36 re-
spondents self-reported that they were either “knowledgeable”
or “quite knowledgeable” with the warning signs of T1D.
As can be seen from Figure 1, school nurses that have been
trained within the last two years have higher levels of comfort
scores than those who had done it prior which somewhat ex-
tends previous findings as it leads to higher levels of comfort.
Moreover, the higher the levels of comfort score, the higher
the knowledge score answered by respondents, which can be
found from the graph of Figure 3 which again corroborates the
relationship between training recency versus knowledge made
earlier.

Limitations and Weaknesses of the Study

The fact that all of the information represented in this study
was subject to recall bias meaning that the respondents accu-
racy of their memory or feeling could be less accurate. Specifi-
cally, this bias could have affected aspects of levels of comfort,
knowledge, training recency, and the number of recommen-
dations. There was also no quantitative assessment of their
knowledge or training, all of the questions given to the respon-
dents was their perception of how they were in these different
areas involving T1D warning signs and school nurses. A po-
tential follow-up study in the model of a short quiz or case
study could accurately inform the true knowledge of school
nurses involving the warning signs of T1D. The number of
recommendations by the respondents could have also been af-
fected by the different variables like longevity of their career,
the size of the school they work at, the number of students
that both attend the school and how many students they inter-
act with on a daily basis. The terms used in the survey could
have also affected the data and responses given, things like:
“comfortability”, “knowledge” and “adequate training” are all
abstract and can be interpreted differently from respondent to
respondent. This study was also limited to the geographical
area of Southern California and didn’t include respondents
from every single district. The data also might be different
across different states and regions in California. All in all,
recall bias and self-reported nature of this data are consequen-
tial to the interpretation as all findings were from the percep-
tion of the respondents and therefore it could inherently be
an over or underestimation of their various skills and knowl-
edge which could in turn potentially affect the accuracy of the
data. Another consequential limitation was how ambiguous
the survey terms were, many questions involved nurses self-
reporting on various skills and knowledge with terms such as

“comfortable” and “knowledgeable” which can be interpreted
differently between respondents which makes comparing re-
sponses across districts more difficult. There were also other
variables that weren’t accounted for in this study, such as the
experience(number of years) respondents have been working
as school nurses, the size of the school they work at, and nurse
to student ratios all of which could have affected the number
of recommendations and the potential likelihood of recogniz-
ing T1D due to experience working as a school nurse. Another
potential factor affecting likelihood could also be their greater
experience allowing them to have the prior experience recog-
nize the early warning signs and recognize it again.

Potential Follow-Up Research Studies

Potential follow-up studies could use the same model as this
study with the type of questions but apply it to other regions
in California and other states in the U.S. Other studies could
specifically test knowledge before, immediately after and a
year or two after, to test the effect of training on the knowledge
of school nurses and potentially the number of recommenda-
tions as well. While this study only focused on school nurses
from middle and high schools, the levels of comfort, knowl-
edge, number of recommendations, etc., could be evaluated
for other institutions like colleges and elementary schools.
Another aspect not evaluated in this study was the quality of
the training school nurses are receiving and whether or not it
is actually beneficial or just a formality. One abstract aspect
of this study that was formally stated to the respondents was
“self-reported recommendation” compared to documented re-
ferrals or diagnosis that were actually completed. Future stud-
ies could evaluate whether these referrals result in a diagnosis.
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Appendix

Breakdown of Districts by Number of Respondents

District 1: 5 District 2: 4 District 3: 5 District 4: 1 District 5: 2 District 6:
1 District 7: 2 District 8: 1 District 9: 2 District 10: 1 District 11: 1 District
12: 1 District 13: 1 District 14: 2 District 15: 1 District 16: 1 District 17: 1
District 18: 1 District 19: 1 District 20: 1

Supplementary Analysis

The trends of different aspects of the early warning signs across different
districts were evaluated by examining the relative distribution of responses
within each district. Responses were then grouped by high responses (4s and
Ss, indicating “quite” or “very”) and low ratings (Is and 2s, indicating “not
at all” or “very little”) to allow for comparison even though there were a dif-
ferent number of responses from each district. In terms of levels of comfort,
Districts 1, 2, 3 and 14 demonstrated the highest proportion of respondents
that responded with 4s and S5s, whereas respondents from Districts 2, 5 and 9
displayed the greatest relative proportion of responses of 1s and 2s. Similar to
the trend of levels of comfort, for knowledge, Districts 1, 2, 3 and 14 demon-
strated the highest proportion of respondents that responded with 4s and 5s,
while respondents from Districts 2, 3 and 9 exemplified higher proportions of
Is and 2s. In regard to the respondents’ preparedness to identify T1D, Dis-
tricts 1,2 and 14 showed the strongest relative proportion of 4s and Ss, on
the opposite side, Districts 1,2,3, 9 and 12 demonstrated the greatest relative
frequency of low preparedness responses of 1s and 2s. After evaluating train-
ing adequacy and how adequate the resources were, Districts 1, 2 and 14 had
the highest relative proportion of affirmative responses (“yes”s and “some-
what”’s). While overall the reports of inadequate training or resources were
infrequent, District 1, 3, 9, 12, 13 demonstrated the highest relative occur-
rence of “no” as the response. For questions related to identification, Districts
1, 2, 3, 7, and 14 demonstrated the highest relative confirmation of consid-
ering type 1 diabetes when faced with students that present warning signs or
non-specific symptoms. On the other hand, lower relative confirmation pat-
terns were most frequently observed in Districts 2 and 9. Trends in the num-
ber of times respondents have recommended additional evaluation for type 1
diabetes varied across districts, with Districts 1 and 2 reporting the highest
cumulative number of recommendations. However, because recommendation
counts reflect cumulative career experience and district sample sizes varied,
these findings are interpreted as descriptive rather than directly comparative.

Full Survey

School Health Office Staff And Undiagnosed Type 1 Dia-
betes

DESCRIPTION: You are invited to participate in a research study aimed to
understand nurses’ current knowledge and confidence in identifying early
signs of Type 1 Diabetes in students. You will be asked to take a brief survey.
Participation in this research is voluntary, and you are free to withdraw your
consent at any time. TIME INVOLVEMENT: Your participation will take
approximately 8 minutes.

RISKS AND BENEFIT ANALYSIS: There are no physical risks to partic-
ipating in this study. Some potential risks of participation are discomfort (e.g.,
feeling unsure, selfcritical, or judged based on knowledge gaps). Because the
survey is designed to be anonymous, and no identifying information will be
collected, the risk of loss of confidentiality is minimal.The expected benefits
for the participants is the increase of awareness and potential education of the
early warning signs of Type 1 Diabetes (T1D), which could help the nurses
increase their knowledge and ability. The study may also contribute to im-
proved screening and earlier recognition of undiagnosed T1D among students
if findings are shared with the nursing or education community. While this
is an exploratory study, its findings could inform future training efforts and
potentially contribute to better student health outcomes over time.

CONFIDENTIALITY: Your individual privacy will be maintained during
the research and in all published and written data resulting from the study.
Study data will be stored securely, minimizing the risk of confidentiality
breach.

QUESTIONS: If you have any questions, concerns or complaints about
this research, its procedures, risks and benefits, contact the Protocol Director,
Quinn Conroy, quinnmichaelconroy @gmail.com By clicking “Next”, I con-
sent to participate in this study. 3/31/26, 7:19 AM School Health Office Staff
And Undiagnosed Type 1 Diabetes

Background Questions:

Openended:

What district do you work in? How many years have you been working as a
school health office staff in your career? Approximately how many students
do you interact with on a daily basis? Approximately how many students at-
tend your school? Are you a nurse at a middle or high school? What is your
highest level of education? Multiple Choice: Have you received any spe-
cific/formal training on recognizing the early warning signs of undiagnosed
type 1 diabetes? Yes, within the last 2 years Yes, before 2023 No, never Can’t
recall/Unsure 8.

T1D Related Questions:
Multiple Choice:

How comfortable are you with recognizing early warning signs of undiag-
nosed Type 1 Diabetes?

(Not at all comfortable)1 2 3 4 5(Very comfortable)

How knowledgeable are you with the early warning signs of undiagnosed
Type 1 Diabetes?

(Not knowledgeable at all) 1 2 3 4 5 (Very knowledgeable)

How well prepared has your healthcare training been for recognizing un-
diagnosed Type 1 Diabetes?

(Not prepared) 12 3 4 5 (Very prepared)

How important do you believe it is that school health office staff can rec-
ognize early warning signs of undiagnosed Type 1 Diabetes?

(Not important at all) 1 2 3 4 5 (Very important)

If a student came in presenting signs such as (excessive thirst, unexplained
weight loss, abdominal pain and frequent urination) what is the likelihood you
would recommend additional evaluation for students with undiagnosed Type
1 Diabetes?

(Low likelihood) 1 2 3 4 5 (High likelihood)

How often do you consider Type 1 Diabetes when a student presents with
general symptoms like excessive thirst, frequent urination etc.?

(Never)1 2 3 4 5 (Often)

Have you ever identified a student with undiagnosed Type 1 Diabetes or
referred a student for evaluation?

Yes, No, Not sure/can’t recall

Do you feel you have adequate resources or training to recognize early
signs of Type 1 Diabetes?

Yes, Somewhat, No, Not sure

Open-ended:

How many times have you recommended additional evaluation for undiag-
nosed Type 1 Diabetes after recognizing early warning signs?

If you answered * Yes’ or ’Somewhat’ on the last question(“Do you feel you
have adequate resources or training...... ?”), where did you get your knowl-
edge from?

What resources or training would increase your confidence in recognizing
early signs of Type 1 Diabetes?

If you are already confident, what resources would you recommend or
were beneficial to you?

Is there anything else you’d like to share about recognizing or managing
undiagnosed Type 1 Diabetes in your school setting?
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If you are willing to participate in a short follow-up phone interview, please
write your name and phone number below
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