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Abstract

Background: Prevention through Intervention is a community paramedicine program developed by Birmingham Fire and
Rescue Services in Alabama. This program aims to reduce dependency on emergency medical services (EMS) for
nonemergency-related events through education and to lower the frequency of emergency calls in underserved populations. A
telehealth intervention with an emphasis on hypoglycemia was implemented to (1) tailor the intervention to meet the educational
needs of participants and (2) facilitate follow-ups. A pre-post pilot feasibility evaluation of the telehealth intervention was
conducted.

Objective: This paper describes the results of the feasibility evaluation, implementation challenges, and the lessons learned
about the deployment of a hypoglycemia prevention program in an underserved area and its evaluation.

Methods: This single-arm pretest-posttest intervention included (1) an initial in-person visit (week 1), (2) 3 weekly telecoaching
calls (weeks 2-4), (3) 1 biweekly call (week 6), and (4) a final in-person visit (week 8) for collecting posttest data from individuals
who called EMS due to hypoglycemic events. In-person visits included educational sessions conducted by EMS personnel.
Participants’ education included tailored content related to hypoglycemia. Weekly telecoaching calls focused on hypoglycemia
symptom monitoring and education reinforcement via a telehealth dashboard. The primary measures focused on feasibility
measures, and exploratory measures focused on the fear of hypoglycemia, self-efficacy, and a knowledge of diabetes.

Results: A total of 40 participants participated in the intervention. However, the study was marred with high attrition. The
various factors behind the low retention rate were discussed. There was a decreasing trend in all three subdomains of the fear of
hypoglycemia from pretest to posttest. There was also a significant increase in participants’ self-efficacy in hypoglycemia
self-management (P=.03).

Conclusions: This study shows preliminary and promising results for a community-based intervention specifically for
hypoglycemia. However, the socioeconomic setting in which the intervention was delivered may have resulted in high dropout
rates and low attendance during the intervention, which are considerations for future telehealth studies.

Trial Registration: ClinicalTrials.gov NCT03665870; https://clinicaltrials.gov/ct2/show/NCT03665870

(JMIR Diabetes 2021;6(3):e26941) doi: 10.2196/26941
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Introduction

Hypoglycemia is a common but potentially avoidable health
problem that can be a barrier to achieving good glycemic
control. Hypoglycemia is indicated by abnormally low blood
glucose concentrations (usually <70 mg/dl) and can result from
physical exercise, certain diets, the misuse of drugs, endocrine
disorders, and renal insufficiency [1,2]. However, antidiabetic
agents, which increase insulin production and exogenous insulin
levels, are the most common causes of hypoglycemia [3,4].
Although mild episodes of hypoglycemia occur 0.8 to 2 times
per week in people with type 1 diabetes and people with
insulin-treated type 2 diabetes, severe hypoglycemia rates range
from 1.4 to 1.7 episodes per year. Except for some severe events,
the majority of hypoglycemic episodes can be prevented and
easily treated at home by following simple guidelines [2,5]. If
it is not treated, hypoglycemia can have deleterious effects on
people’s quality of life [6], mortality, and morbidity [7,8]. The
unpleasant aspects of hypoglycemia may result in severe anxiety
and the fear of hypoglycemia (FH) in people with diabetes. The
FH is associated with the frequency of past hypoglycemic
episodes and can promote compensatory behaviors, such as
reducing insulin dosages to avoid hypoglycemia. This can be a
major barrier to achieving glycemic control for people with
diabetes [9-11]. In the prevention of hypoglycemia, sociocultural
health literacy and the economic status of the population are
critical components that necessitate the education of health care
practitioners and patients—a key factor in the provision of care
[12].

Inadequate health literacy is common among vulnerable
populations. It is independently associated with poor glycemic
control and an increased incidence of hypoglycemia (59%) in
patients with diabetes [13,14]. It is also linked to the higher use
of health care services, which costs the US economy between
US $106 billion and US $238 billion annually [15]. The
residents of the area served by our community paramedicine
program belong to the lowest quartile of health literacy scores
[16]. The initiation of the community paramedicine program
offers an opportunity to improve care management and health
literacy for patients with hypoglycemia. However, although
studies on community education programs have reported
successful outcomes [17-19], these studies mainly depend on
the skill and knowledge of select individuals and have not
resulted in the sustained integration of hypoglycemia
interventions into regular practice.

As a model of mobile integrated health care programs,
community paramedicine is an evolving community-based
health care design that ultimately aims to increase access to
basic paramedic services by integrating the services of multiple
disciplines [20-22]. Through partnerships with local emergency
medical services (EMS) and other health care services, mobile
integrated health care–based community paramedicine programs
deploy trained paramedics to help patients with complex chronic
conditions at home. By visiting frequent users of the 911 system,
these programs reduce the number of unnecessary emergency
department transports and the number of nonemergency phone
calls, thereby improving care management through patient
education, advocacy, and navigation [23,24]. Fire departments

receive thousands of “essentially preventable” medical
emergency calls related to chronic conditions, including
hypoglycemia [25-27].

A community paramedicine program, Prevention through
Intervention, was initiated by the Birmingham Fire and Rescue
Department in Alabama. This community paramedicine program
attempts to expand access to health services for underserved
rural populations who lack consistent primary care or preventive
services and therefore frequently seek nonurgent care. The
program involves educational home visits that are conducted
by 1 paramedic who is assigned full-time to the program and
provides services such as wellness and medication checks, safety
assessments, and services for connecting people to primary care
when such care is needed. This study was conducted as part of
the Prevention through Intervention program. This study aimed
to use telehealth to facilitate the tailoring of a telehealth
intervention to meet the precise educational needs of
participants, enable follow-ups, and perform a preliminary pilot
feasibility and acceptability evaluation of the program.

Methods

Study Design
A single-arm pretest-posttest intervention group was used to
test various outcomes (see Measures section). Due to our
community partner expressing ethical concerns about including
a control group without an intervention, it was not possible to
establish an untreated control group. Therefore, a pretest-posttest
design was chosen. This was also recommended by our
community partner—the Fire and Rescue Department (ie, where
this study was conducted). A total of 40 people enrolled in this
study.

Participant Eligibility, Recruitment, and Enrollment
The home of the community paramedicine program, which was
where this study was conducted, receives about 1000
hypoglycemia-related EMS calls on an annual basis. All patients
who called 911 due to hypoglycemia-related events were
screened based on the following inclusion criteria: (1) residents
in the service area of the fire district, (2) individuals aged ≥18
years, (3) individuals receiving intravenous 50% dextrose
(intravenous treatment for hypoglycemia provided by EMS
personnel), and (4) individuals who are not enrolled in any
diabetes-related educational programs. All successfully screened
participants were provided with an informed consent form.
Participants were only enrolled in this study after they provided
consent. Any resident who met the first 3 inclusion criteria based
on EMS records (prescreening) was contacted via telephone by
EMS personnel to assess their interest in participating in this
study. If they were interested and were successfully screened
for the last inclusion criterion, the resident was scheduled for
an in-person consenting and baseline data collection session.
This was done sequentially until 40 participants were enrolled
in this study.

Unlike paramedics, emergency medical technicians in fire
departments are not allowed to administer glucagon in
prehospital settings [28]. They usually respond to hypoglycemic
events by using intravenous 50% dextrose. Therefore, we did
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not include glucagon administration as part of the inclusion
criteria.

Intervention
The intervention included an initial in-person visit (week 1),
which was followed by 3 weekly telecoaching calls (weeks 2-4),
1 biweekly call (week 6), and a final in-person visit in week 8
to perform posttest data collection (Figure 1). Anecdotal
evidence from our community partner and related literature [29]
indicated that having a lack of blood sugar and other vital sign
monitoring devices and not visiting primary care physicians (to
reevaluate prescriptions) often contributed to hypoglycemia
episodes. To encounter these scenarios, health and wellness kits
that included blood glucose meters, a blood pressure monitor,
and oral dextrose gels were provided as an incentive to the
participants.

During weeks 1 and 6 of this study, EMS personnel visited the
homes of the recruited participants. During the week 1 visit, the
EMS personnel used tablet computers to educate the participants.

Their education involved the retrieval of tailored multimedia
content, which was shown as a part of the verbal education
provided on topics related to hypoglycemia. Based on an
assessment of participants’ diabetes literacy, numeracy [30],
and knowledge [31], appropriately tailored content that matched
participants’ needs from the Diabetes Literacy and Numeracy
Education Toolkit (DLNET) was provided by the telehealth
platform. The DLNET is a comprehensive platform that was
designed to facilitate diabetes education for patients with
diabetes, especially for those with low health literacy. The
DLNET provides 24 interactive modules that consist of diabetes
care topics, such as blood glucose monitoring, exercise, and
dietary instructions.

Student volunteers and EMS personnel used a telehealth
dashboard, which was designed for this study, to coach and
monitor participants over the phone during weeks 2, 3, 4, and
6. These calls focused on the active monitoring of
hypoglycemia-related symptoms and the reinforcement of any
education that participants received during week 1.

Figure 1. Study intervention design. EMS: emergency medical services.

Telehealth Platform
The telehealth platform was built by repurposing, refining, and
customizing a proven technical infrastructure that is currently
being used by multiple projects (Figure 2). The platform used
an Apache server (Apache Software Foundation) that runs a
CakePHP back end that is connected to an Angular/Ionic
framework–based front end. This enabled the telehealth platform
to be delivered as both a web application and a hybrid mobile
app with very minimal changes.

The telehealth dashboard automatically scheduled all of the
recurring coaching calls for times that were convenient to the
participants and in line with the intervention protocol. The
community paramedicine personnel received alerts when it was
time to call a participant and were able to mark the success or
failure of completing the calls. When the calls were not
successful, the calls could be rescheduled. It was also possible
to perform weekly data collection and take notes during calls.
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Figure 2. Telehealth dashboard.

Measures

Primary Measures
The primary focus of this study was evaluating the feasibility
of recruitment, intervention delivery, retention, and data
collection.

Exploratory Outcome Measures
One of the most important impacts of hypoglycemia is
noncompliance with diabetes treatment due to the FH. This was
measured by using the Hypoglycemia Scale: FH-15
questionnaire, which includes 15 items (5-point Likert scale)
[32]. The response options were 1 (never), 2 (almost never), 3
(sometimes), 4 (almost always), and 5 (every day). A total score
of ≥28 indicated that participants had an FH.

Self-efficacy in hypoglycemia self-management was assessed
with the Perceived Diabetes Self-Management Scale (PDSMS)
[33]. The questionnaire includes 8 items that are rated on a
Likert 5-point scale (1=‘‘Strongly Disagree’’; 5=‘‘Strongly
Agree’’). Higher scores represent higher levels of self-efficacy
of hypoglycemia.

The Spoken Knowledge in Low Literacy Diabetes (SKILLD)
[31] scale was used to assess participants’ diabetes knowledge.
This 10-item questionnaire includes diabetes self-care–related
questions, such as questions about glucose management and
lifestyle modifications, for evaluating diabetes knowledge.

Data Collection
All data pertaining to the exploratory measures were collected
during the in-person visits conducted in week 1 and week 8 of
this study. The data were directly entered into the tablet
computer that was carried by the EMS personnel.

Statistical Analysis
Participant attrition, session attendance, and overall instrument
completion were recorded and analyzed by using descriptive
statistics. We tested the pre-post exploratory measures by using
simple parametric tests (one-tailed Student t test) after testing
the normality of the data obtained. All statistical analyses were
conducted by using SAS 9.4 (SAS Institute), and statistical
significance was set at P<.05.

Results

Summary of Results
The findings from this study fell into 2 categories. First, we
focused on the feasibility-related aspects of this study. Second,
we focused on the exploratory outcomes. The lessons learned
and challenges in implementing this study are presented in the
Discussion section.

A total of 40 participants enrolled in this study. The mean age
of participants was 67.13 years. The average age of males (n=18)
was 69.33 years, and the average age of females (n=22) was
65.32 years.

Feasibility Metrics

Recruitment
For recruitment, we relied on EMS personnel to review EMS
records and screen participants. Of the 92 people who were
identified (prescreened) in a 6-month period, we were able to
contact 52 (57%). Of the 52 people contacted, 40 (77%) fully
qualified for and agreed to participate in this study (Figure 3).
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Figure 3. Participant enrollment flowchart.

Intervention Delivery and Retention
The first step of the intervention was an in-person visit, which
was by the EMS personnel, to the participants’ homes. This
session focused on obtaining consent, collecting baseline data,
and educating participants. All 40 people who agreed to

participate in this study made it through this session. However,
as shown in Table 1, in the subsequent weeks that involved
intervention sessions that were delivered over the telephone,
we experienced a constant reduction in the number of people
reached. For the final visit, which was again conducted in
person, only 13 people were reachable.

Table 1. The number of participants who were reached via telephone.

Participants, n (%)Time point

25 (62)Week 2

15 (37)Week 3

13 (32)Week 4

9 (22)Week 6

Data Collection
The pretest and posttest data were collected with the tablet
computers that were provided to the EMS personnel during the
in-person visits. The outcome assessment measures were
embedded in the telehealth dashboard. This resulted in no
missing or incomplete data, and little to no cleanup was required
during the data analysis phase.

Exploratory Measures

The FH
The FH survey results revealed a decreasing trend in the overall
average scores for all three subdomains—the average scores
for fear (mean 13.78, SD 6.3 vs mean 9.38, SD 1.19), avoidance
(mean 8.19, SD 4.42 vs mean 6.08, SD 4.37), and interference
(mean 10.97, SD 5 vs mean 7.92, SD 1.55). The sum of the
scores in the pretest scale was 32.95. This decreased to 23.38

after the intervention. However, no significant decrease in
posttest scale scores was identified (P=.90).

Self-efficacy
The one-tailed paired t test analysis revealed that the intervention
resulted in significant improvements in participants’
self-efficacy in hypoglycemia self-management. Among the 13
participants who completed both the pre- and postsurvey, the
average total PDSMS score significantly increased (mean 6,
SD 8.59; P=.03). According to the results, the participants
appeared to have significantly more confidence in the topic “No
matter how hard I try, managing my diabetes doesn’t turn out
the way I would like” and tended to exhibit an increase in scores
for the “I am able to manage things related to my diabetes as
well as most other people” topic. The scores for these topics
increased by an average of 1.3 points (SD 1.11; P<.001) and 1
point (SD 1.73; P=.06), respectively.
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Knowledge of Diabetes
The SKILLD survey results also showed improvements in
participants’ knowledge of the complications of diabetes. The
mean difference between the pre- and postsurvey scores was
0.5 (SD 0.65; P=.01). Although not significant, improvements
in knowledge regarding symptoms of hypoglycemia (P=.33)
and in normal hemoglobin A1c levels (P=.27) were seen in the
posttest scores.

Discussion

Study Overview
To our knowledge, this is the first study to conduct a community
paramedicine and mobile integrated health care intervention
[34] with a specific focus on hypoglycemia by using a telehealth
platform. Working with a community partner enabled us to
establish a smooth enrollment process for the intervention.
However, the low retention rate was an important problem
during intervention delivery and data collection. These should
be explored in the context of this study to better understand and
interpret the intervention outcomes.

Factors That Lead to Low Retention
Residents of the area that was served by this project belong to
the lowest quartile of health literacy scores [16]. Although we
included 40 participants, relatively high dropout rates and low
attendance rates were observed due to the participants’ low
economic and educational statuses. As noted by our community
health partner, most residents do not have a permanent phone
number and use pay-as-you-go phones. Although participants
were available for the baseline visit in week 1, they were not
reachable for the final visit in week 8 for scheduling an in-person
appointment. Tracking the participants via telephone was, by
itself, challenging, and the lack of a permanent phone number
made the process even more complicated. The results of this
study show early promise, despite the challenging environment
of the intervention. However, repeating this study in other
socioeconomic settings or neighborhoods is needed to evaluate
the intervention for its fullest potential. Additionally, other
strategies for improving patient outreach and retention are
needed to test this type of intervention.

Study Personnel
This study helped us learn about several other aspects about the
involvement of EMS personnel in community paramedicine
programs. During our intervention, we experienced some
challenges with completing the in-person visits. Due to safety
concerns, EMS personnel carried out the visits at their
convenience. Relying on EMS personnel hindered the collection
of the data and the completion of this study. Additionally,
because of the nature of this pilot study, we were unable to have
exclusive staff join the EMS personnel during the in-person
visits. Moreover, the EMS staff in this study changed several
times during the intervention due to organizational reasons.
Future studies should consider including exclusive staff to
ensure protocol fidelity. Another solution is employing the
temporarily injured employees of fire departments. Employees
who are unable to actively return to fieldwork are often available
in fire stations and are best suited for telehealth calls. Future

research should consider using protocols for including injured
EMS personnel who could actively participate as health coaches
in studies.

Importance of Trust
Another valuable insight we learned from this intervention was
about the impact that EMS personnel’s attire had on the
participants’ confidence and trust. We observed that wearing a
professional uniform favorably influenced participants’ trust
and confidence in the paramedics. Participants also expressed
the most confidence when the same EMS personnel attended
to their emergency medical needs. Future studies that try to
evaluate community paramedicine or telehealth need to ensure
that such factors of trust are considered in the intervention
design.

We designed a telehealth dashboard that the EMS personnel in
this study could use to coach and monitor participants with
hypoglycemia over the phone. At the end of the 8-week
intervention period, nonsignificant improvements were found
across various knowledge domains and subdomains (fear: P=.74;
avoidance: P=.60; interference: P=.88) of the FH. The
intervention resulted in significant improvements in participants’
self-efficacy in hypoglycemia self-management and improved
their knowledge of the complications of diabetes, which was
measured by using the SKILLD scale. The lack of significant
FH-related results might have been due to the very low
completion rate (retention), as only 13 out of the 40 participants
had posttest data. To interpret the results of this study in the
right context, the challenges faced and the lessons learned during
this study must be considered.

Although hypoglycemia can usually be safely and
cost-effectively treated by paramedics, EMS protocols have
been developed independently. This has led to variations in
protocol content and formats, which can result in varying
standards of care. However, the clinical practices of paramedics
and emergency care protocols should be evidence-based and
reflect common standards of care, formats, and content [35]. A
standardized protocol can be easily accessed through a telehealth
platform and can be used to provide guidance and education to
patients. Therefore, by using a platform with evidence-based
content and a standardized protocol, our study established an
example of a telehealth-supported community service that can
equally benefit people in need.

Limitations
Although we wanted to conduct a randomized feasibility study,
the establishment of an untreated control group was not accepted
by our community partner due to ethical concerns. Therefore,
we chose a pre-post study design. Future studies should consider
using designs that involve either simple randomization (by
individuals) trials or cluster randomization (by fire districts)
trials to understand our intervention’s broader impacts. Although
this pilot study was limited to a sample size of 40, future studies
should also consider having larger sample sizes. Given the high
attrition and the challenging socioeconomic settings in which
this study was conducted, the findings of this study cannot be
generalized. Similar studies should be conducted across areas
with different socioeconomic populations. Finally, we offered
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health kits that were comprised of blood glucose test kits, blood
pressure cuffs, and dextrose gels. However, it should be noted
that these kits could have had a confounding effect on the
outcomes of this study, as there is evidence suggesting that the
mere presence of self-monitoring equipment can influence
diabetes-related outcomes [29].

Conclusions
Our study shows early promising results for a community-based
hypoglycemia prevention intervention. However, our pilot study
has several limitations. We comprehensively presented the
challenges we faced and the lessons we learned throughout this
study, and these should be considered when designing future
studies.
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Abbreviations
DLNET: Diabetes Literacy and Numeracy Education Toolkit
EMS: emergency medical services
FH: fear of hypoglycemia
PDSMS: Perceived Diabetes Self-Management Scale
SKILLD: Spoken Knowledge in Low Literacy Diabetes
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