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Abstract 

Background: Growing evidence suggests that medical students and faculty preceptors have limited 
familiarity with continuous glucose monitors (CGMs), which may negatively affect how care teams 
counsel patients and monitor the use of CGMs. Although studies have shown that structured training 
for care teams may improve knowledge and comfort with various healthcare tools, to our knowledge, 
no study has attempted to do so for CGMs.  
Methods: We designed a user experience course for medical students and faculty mentors to address 
this gap at a student-run free clinic. This course allowed twenty participants to wear a CGM for two 
weeks and participate in three interactive didactic sessions and group reflections. We evaluated how 
knowledge and comfort with CGMs among participants changed after the course with a survey and 
focus group. 
Results: The cohort showed improvement in self-reported confidence in using the device, teaching 
patients how to use the device, and interpreting data (p<0.001). The majority of participants demon-
strated improvement across all survey domains with higher post-intervention scores than pre-inter-
vention scores. Qualitative analysis of group reflections elucidated three primary themes across par-
ticipant experiences: the emotional impact of wearing the device, attitude changes with prolonged 
use, and behavior modification in response to glucose data. 
Conclusion: This novel educational initiative may improve knowledge about CGMs, ability to counsel 
patients to use the device, and understanding patients' experiences among medical students and 
faculty mentors. We plan to expand this educational opportunity to additional clinic volunteers, in-
clude patient perspectives, and share the curriculum with other student-run clinics. 
 
 

Introduction 
 
     Glycemic control among Americans with dia-
betes is suboptimal. In 2020, of those receiving 
treatment, over 50% had a hemoglobin A1C 
(HbA1C) of 7.0% or greater, and 16.3% of adults un-
der 44 had an HbA1C of 10% or greater.1 

Continuous glucose monitors (CGMs) measure 
interstitial glucose and send data wirelessly to 
the wearer’s phone or reader device and also to 
their provider via a shared web portal.2 CGMs con-
fer real-time glucose monitoring, decreasing the 
need for traditional fingerstick glucose measure-
ments. CGMs have shown promise in improving 



Journal of Student-Run Clinics | Experiential Learning With Continuous Glucose Monitors: A Novel Curriculum for Volunteers 
in a Student-Run Free Clinic 

journalsrc.org | J Stud Run Clin 10;1 | 2 

diabetes management, and their use for patients 
with type 1 diabetes mellitus (T1DM) and type 2 
diabetes mellitus (T2DM) is rapidly expanding.3-6 
Randomized clinical trials have demonstrated 
improved HbA1C and fewer hypoglycemic events 
in patients with T1DM and insulin-dependent 
T2DM who use CGMs compared to traditional fin-
gerstick glucometers. In addition to clinical im-
provement, patients report better quality of life, 
treatment satisfaction, and empowerment to 
participate in disease management.7-12  
     Despite strong evidence supporting the bene-
fit of CGMs, there are barriers to their widespread 
and equitable use, including high costs, wearer 
discomfort, and social factors.13,14 For example, 
low socioeconomic status (SES) is a barrier to spe-
cialist care and preventative services. Further-
more, insurance providers maintain strict eligibil-
ity criteria, and access can vary by region within 
the US.15,16 Studies have demonstrated that some 
providers refrain from prescribing CGMs based 
on insurance status, race/ethnicity, perceived 
health literacy, and SES.17,18 Without dedicated ef-
fort by healthcare providers, new technology may 
exacerbate existing health disparities for margin-
alized patients. Finally, while primary care clini-
cians are interested in providing CGMs for pa-
tients, many report a lack of knowledge and com-
fort using the technology.19 This suggests the 
need for educational training and support for 
physicians at all stages of training and practice.  
     To facilitate equitable access to the benefits of 
CGMs among underserved patients, we imple-
mented an educational program for volunteers 
at a student-run free clinic to experience wearing 
CGMs. As we implement the use of CGMs into our 
clinical practice, our volunteers must be familiar 
with using the devices, analyzing their data, and 
advising patients on their use. This study reports 
our implementation of a program that aims to in-
crease our volunteers’ knowledge and comfort 
with CGM use through a novel, two-week user ex-
perience course with the FreeStyle Libre 2. 
 

Methods 
 
Study Site and Participants 
     Our interdisciplinary, student-run free clinic 
provides care to a panel of 300 uninsured pa-
tients. We currently serve 86 patients with 

diabetes mellitus: five with T1DM, and 81 with 
T2DM. Individuals who frequently participate in 
the care of patients with diabetes at our clinic 
were invited via email to participate in the CGM 
user experience program. No financial incentive 
was provided, and participation in the study did 
not impact the students’ grades or evaluations. 
Twenty volunteers, including medical students, 
pharmacists, and physicians participated in this 
program. Volunteers included the clinic’s physi-
cian and pharmacy medical directors, Patient 
Health Educators (first-year medical students as-
signed to communicate treatment plans and 
health maintenance for a panel of patients), med-
ical students who frequently volunteer to see pa-
tients at the clinic (clinical students), and medical 
students comprising the clinic’s student execu-
tive board. This project was reviewed by the Insti-
tutional Review Board, which determined the 
project to be exempt (IRB#: 222298). 
     Informed consent was obtained from all par-
ticipants. Participants were given access to their 
glucose data but could not view other partici-
pants' data. Study personnel could not view par-
ticipant data. 
     Abbott Laboratories provided the FreeStyle Li-
bre 2 sensors as part of the Abbott Professional 
Medical Education and Fellowship Grant. Analy-
sis of results and decision to publish was fully in-
dependent of any oversight or influence from Ab-
bott Laboratories.  
 
Program Details 
     Participants wore the FreeStyle Libre 2 sensor 
for two weeks and participated in three didactic 
or discussion-based educational sessions. This 
timeframe was chosen because each sensor can 
be used for two weeks, after which it must be re-
placed. Participants completed an eight-ques-
tion Likert scale pre- and post-survey designed to 
assess general knowledge about CGMs and com-
fort using the FreeStyle Libre 2 system. The sur-
vey was developed with input from a board-certi-
fied endocrinologist with clinical and investiga-
tional expertise in CGMs. The pre-survey was ad-
ministered before the first session to assess base-
line knowledge. The post-survey was adminis-
tered after the third session (Full surveys; online 
appendix A). Surveys were administered online 
using REDCap.20 Surveys were de-identified, and 
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participants were asked to input a unique code 
to allow pairing of pre- and post-surveys.  
     The first session included a lecture by a clinical 
pharmacist with expertise in population health 
and glucose monitoring systems. The lecture in-
cluded information about the function of Free-
Style Libre 2 and other glucose monitoring sys-
tems, how CGMs differ from traditional glucome-
ters, and how to use and place sensors. During 
the session, each participant configured the 
FreeStyle system on their smartphone and ap-
plied the CGM sensor to their upper arm with su-
pervision from the clinical pharmacist. 
     The second session, a semi-structured focus 
group facilitated by study personnel, occurred 
halfway through the experience after partici-
pants had used the monitor for seven days. Dur-
ing the discussion, study facilitators used five 
open-ended and more directed questions to elu-
cidate reactions, opinions, and emotions related 
to CGM use (Discussion guide; online appendix 
B). 
     The third session occurred at the end of the 14-
day experience, on the final day of monitor use. 
This session included case-based learning with a 
board-certified endocrinologist on interpreting 
CGM data, using data for clinical decision-mak-
ing, and counseling patients. 
 
Survey Data 
     Survey responses were converted to numeric 
values for analysis (1 -” strongly disagree”; 2 - “dis-
agree”; 3 - “neutral”; 4 - “agree”; 5 - “strongly 
agree”). The Mann-Whitney-U test was used to 
compare unpaired pre- and post-intervention 
survey results. Where paired pre- and post-inter-
vention data were available, we report the per-
centage of participants who improved for each 
survey item. P values <0.05 were accepted as sig-
nificant. Statistical analysis was performed using 
R 4.3.0.  
 
Focus Group Data 
     Focus groups were not recorded; study per-
sonnel transcribed notable quotations during the 
discussion. Discussion content was analyzed 
qualitatively using open coding followed by the-
matic analysis. Codes were derived directly from 
raw data using an inductive approach. Each tran-
scribed quotation was ascribed one or more 

codes. Thematic analysis was performed follow-
ing the four steps of qualitative analysis de-
scribed in the current literature: immersion in the 
data, coding, creating categories, and identifying 
themes.21 Qualitative analyses, including coding 
and thematic analysis, were performed using Mi-
crosoft Excel (2021, Microsoft Corporation, Red-
mond, Washington). 
 

Results 
 
Participant Characteristics 
     Of 20 participants, 55% (n=11) were female. Par-
ticipants included five first-year medical students 
(25%), nine upper-year medical students (45%), 
one pharmacist (5%), and three physicians (15%), 
as shown in Table 1. None of the participants had 
a diagnosis of T1DM or T2DM. 
 
Survey Results 
     Twenty participants completed the pre-sur-
vey, and 19 participants completed the post-sur-
vey. Of 19 responses, 11 could be paired based on 
identifying codes. Eight sets of responses could 
not be paired as participants did not enter an  
 
Table 1. Characteristics of program participants, 
including gender, occupation, and role at the free 
clinic 
 

Characteristic n (%) 

Gender  

     Female 11 (55) 

     Male 9 (45) 

Occupation  

     1st year medical student 5 (25) 

     3rd year medical student 7 (35) 

     4th year medical student 2 (10) 

     G-phase medical student 2 (10) 

     Pharmacist 1 (5) 

     Physician 3 (15) 

Role  

     Patient Health Educator 5 (25) 

     Clinical Student 5 (25) 

     Executive Board member 6 (30) 

     Pharmacy director 1 (5) 

     Medical director 3 (15) 

G-phase: graduate student in PhD program; PhD: Doctor of 
Philosophy. 
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Table 2. Aggregate and paired pre- and post-intervention survey data 
 

Question 

Aggregate Paired (n = 11) 

Pre-survey 
median  
(n = 20) 

Post-survey 
median  
(n = 19) 

p-value 
% that showed 
improvement 

What is a CGM 3.0 4.0 <0.001* 81.8 

How to use CGM 1.0 4.0 <0.001* 100 

How CGM system works 2.5 4.0 <0.001* 100 

A CGM sensor is easy to apply 2.0 4.0 <0.001* 100 

Instructing a patient to apply the sensor 1.0 4.0 <0.001* 100 

Comfortable using CGM data portal 1.0 4.0 <0.001* 81.8 

Instructing a patient on using CGM phone application 1.0 4.0 <0.001* 100 

Comfortable making clinical decisions with CGM data 2.0 4.0 <0.002* 54.5 

*indicates statistical significance. 
CGM: continuous glucose monitor. 

identifying code on the post-survey or entered a 
code that did not correspond to a code on the 
pre-survey. 
     For all survey questions, there was an increase 
in the median level of agreement between the 
pre- and post-surveys (Table 2). For each ques-
tion, this increase was statistically significant 
(p<0.01). 
     For paired surveys (n=11), all or most partici-
pants had higher post-intervention scores than 
all survey items. All respondents demonstrated 
an improved understanding of how a CGM works, 
how to use it, and how to instruct a patient to ap-
ply the sensor and use the phone application. Ad-
ditionally, all participants demonstrated im-
proved comfort applying the sensor on their own. 
81.8% of respondents reported an improved un-
derstanding of a CGM device and comfort using 
the portal to access data. Over half (54.5%) of re-
spondents reported improved comfort in making 
clinical decisions based on CGM data. 
 
Qualitative Analysis of Focus Group 
     Through analysis of focus group discussions 
and free text responses on the post-survey, three 
primary themes emerged across participant ex-
periences: the emotional impact of wearing the 
device, attitude changes with prolonged use, and 
behavior change in response to glucose data. 
 
Theme 1: Emotional Impact 
     Participants reported anxiety about keeping 
blood glucose levels in the target range. 

I found myself getting concerned about 
low numbers despite not having any symp-
toms. (Patient Health Educator) 

It feels very good to be in the “green,” 
and “red” makes me feel bad. (Physician) 

 

     Reflecting on the emotional impact of glucose 
awareness as people without diabetes, some par-
ticipants shared how they imagined constant ac-
cess to blood sugar readings must feel for pa-
tients with diabetes, especially those with poor 
glycemic control. 
 

My glucose feels more out of my control 
than I expected. It makes me wonder 
what must it be like for a patient with fully 
dysregulated glucose metabolism. (Up-
per-level student) 

 

It made me appreciate the anxiety that 
patients may experience as they track 
their glucose, especially watching it go up. 
(Physician) 

 
Theme 2: Attitude changes with prolonged use 
     Participants reported annoyance or other neg-
ative attitudes with prolonged use of the sensor. 
The Libre 2 phone application is programmed to 
alarm when a high or low glucose threshold is 
met. 
 

Even after just one week I was so tired 
of the alarms and I had to turn them off. 
(Patient Health Educator) 
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     This comment precipitated a discussion about 
silencing glucose alerts. Some stated that the 
phone application did not allow alerts to be si-
lenced, and one participant shared tips instruct-
ing others about how to alter phone settings to 
prevent alarms from sounding. Annoyance 
around glucose alerts was the primary source of 
sensor fatigue. Participants also remarked on 
waning excitement and interest after prolonged 
use. As enthusiasm for the new device waned, 
participants said they forgot to scan their moni-
tors every 6-8 hours, which is necessary to pre-
vent data loss. 
 

I found that by the end, I was less ex-
cited about the novelty of having it, so it 
was harder to remember to scan the 
monitor for readings. So I can see how 
long-term use is less fun than the initial 
days I had it on. (Clinical student) 

 
Theme 3: Behavior Changes 
     Participants reported changes in dietary and 
exercise behavior in response to continuous glu-
cose monitoring. 
 

It definitely changed the way I ate and 
exercised. I hated getting the alarms and 
seeing the spikes, so I tried to walk a lot af-
ter meals. (Clinical student)  

 

     Another participant reported that constant ac-
cess to their data encouraged them to be more 
mindful and pay closer attention to their eating 
and physical activity. Many in the group voiced 
agreement with this sentiment. 
 

Discussion 
 

     To our knowledge, this is the first CGM curricu-
lum to be implemented among student-run free 
clinic volunteers. Our findings suggest the curric-
ulum may improve participant knowledge and 
comfort with CGM use. Prior studies investigating 
graduate and post-graduate medical education 
revealed that a minority of residents and physi-
cians felt prepared to use CGMs or CGM data in 
clinical decision making.22,23 There is a need for 
medical education initiatives throughout all 
training levels focused on health technologies for 
diabetes care. Our findings provide preliminary 

evidence that the program addresses these basic 
training needs while preparing volunteers to 
bring new technology to the care of underserved 
populations. 
     Overall, program participants demonstrated a 
robust improvement in self-reported parameters 
of CGM knowledge. Before the course, partici-
pants generally understood CGM devices but 
were less comfortable interpreting clinical data, 
making clinical decisions based on the data, and 
counseling patients. After the intervention, par-
ticipants showed improved understanding of 
CGM data and comfort with clinical manage-
ment. Our data strongly support the value of the 
user experience in conjunction with didactic 
teaching sessions for improving participant 
knowledge. Most participants for whom paired 
data were available showed improvement across 
all survey items. “Confidence in making clinical 
decisions” showed the least significant improve-
ment (54.5% of participants). Given that most par-
ticipants were trainees, comfort with clinical de-
cision making is expected to require more than 
two weeks of experience. This finding suggests 
medical students may benefit from using CGM 
devices in additional clinical settings throughout 
their training. 
     Qualitative analysis of group discussions al-
lowed for a more nuanced analysis of the pro-
gram’s impact. Three themes that emerged (the 
emotional impact of wearing the device, changes 
in attitude towards the device with prolonged 
use, and behavioral changes in response to glu-
cose data) illuminate how participants better un-
derstood the patient experience with CGMs. Neg-
ative emotional reactions to glucose levels and 
alarms and forgetting to scan the sensor were all 
identified as potential barriers to optimal use of 
the FreeStyle system. This theme is consistent 
with the current literature in which patients de-
scribe alarm fatigue24 and feeling overwhelmed 
by the data provided by their devices.25 Similarly, 
as the novelty of the monitor wore off, partici-
pants forgot to scan the sensor frequently 
enough to maintain all data. Concordance of fo-
cus group themes and existing literature describ-
ing patient experience suggests that the pro-
gram’s potential to cultivate an improved under-
standing of patient perspectives. Whether and 
how this enhanced understanding translates into 
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enhanced communication skills, patient counsel-
ing, and patient outcomes warrants investigation 
in future studies. 
     Understanding and enhancing the patient ex-
perience is a critical skill in medical education 
and a core component of the Quadruple Aim of 
healthcare.26 Our experiential educational model 
allows participants to encounter behavioral 
change challenges. Appreciating these barriers is 
especially important in a free clinic setting with 
uninsured patients for whom social drivers of 
health play a significant role in health outcomes. 
For example, participants reflected on patients' 
waning motivation to maintain recommended 
behavioral changes such as postprandial exercise 
and consuming low-carbohydrate foods. These 
challenges are exaggerated for patients with re-
duced access to healthier food options and re-
sources for exercise. 
     This study is limited by a small sample size of 
20 participants. Furthermore, all participants ex-
pressed interest in this topic and motivation to 
learn about the technology, which may introduce 
self-selection bias. Additionally, the decrease in 
the number of paired surveys does impact the 
ability to assess individual improvement. Finally, 
this study used the FreeStyle Libre 2, so our par-
ticipants did not gain experience using other de-
vices. However, the core principles from the expe-
rience apply to any currently available continu-
ous glucose monitoring system. 

 
Conclusion 

 
     Diabetes technology is rapidly evolving, and 
novel educational methods are needed to ensure 
that providers are well-equipped to translate 
these advances into practice. We demonstrated 
the value of experience based CGM training for 
the volunteer workforce that cares for uninsured 
patients with diabetes within one free clinic. 
Teaching providers early in their training sets the 
stage for adopting new technologies and adapt-
ing to new practice elements throughout their 
careers, including for marginalized populations. 
In the future, we plan to broaden the reach of this 
program by offering it to more clinic volunteers, 
incorporating patient input into discussion-
based sessions, and sharing the curriculum avail-
able with other student-run free clinics. In 

addition, further study may include a control 
group that does not participate in the user expe-
rience to evaluate improvements in knowledge 
and comfort of use with CGM. 
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