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Abstract

Continuous glucose monitors (CGMs) improve glycemic outcomes and quality of life for many people with diabetes. Research
and clinical practice efforts have focused on CGM initiation and uptake. There is limited understanding of how to sustain
CGM use to realize these benefits and limited consideration for different reasons/goals for CGM use. Therefore, we apply
the Information-Motivation-Behavioral Skills (IMB) model as an organizing framework to advance understanding of CGM
use as a complex, ongoing self-management behavior. We present a person-centered, dynamic perspective with the central
thesis that IMB predictors of optimal CGM use vary based on the CGM use goal of the person with diabetes. This reframe
emphasizes the importance of identifying and articulating each person’s goal for CGM use to inform education and support.
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Introduction

Continuous glucose monitors (CGMs) have transformed dia-
betes self-management, with access to real-time glucose lev-
els, viewable patterns over time, alerts to cue behavioral
responses to prevent/manage hypo/hyperglycemia, and abil-
ity to share data with others including clinicians, family, and
friends.! In the United States, CGM is standard of care for
type 1 diabetes,?> and uptake is rapidly increasing for type 2
diabetes across medication regimens.* Consistent CGM use
is required to realize the benefits of automated insulin deliv-
ery (AID) systems,®> and CGM use without AID can improve
adults’ hemoglobin Alc (HbAlc), time in range (TIR),
reduce hypoglycemia, and improve quality of life.5-!!
However, outcomes do not improve universally and sub-
stantial interindividual variability in CGM wearing and
viewing CGM data likely drive variability in benefits.'"!4
Complex ongoing behaviors have different predictors than
one-time actions like filling the first CGM prescription.
The Information-Motivation-Behavioral ~Skills (IMB)
model'> has been successfully applied to explain and
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promote ongoing health behaviors in diabetes'®?3 and other

contexts.'>?%2* Herein, we apply the IMB model to under-
stand CGM use as a complex ongoing self-management
behavior and propose meaningful additions to include CGM
use goals (i.e., why an individual is using CGM and what
they hope to gain from it). These goals vary across individu-
als and time and can help define education/behavioral sup-
ports and operationalize CGM use. Centering CGM use
goals creates a framework that is applicable across diabetes

types.

IMB Model for CGM Use

The IMB model'’ stipulates that to consistently perform a
health behavior, an individual needs behavior-specific infor-
mation, personal and social motivation, and behavioral
skills.'>19-2427 The primary outcome for the IMB model is the
behavior. Here, that behavior is CGM use conceptualized as
a continuous variable, least to most optimal (in contrast to a
dichotomous variable, using vs. not). For instance, wearing a
CGM for a higher proportion of time is associated with better
diabetes outcomes, although exactly how much wear time is
necessary for benefits is undetermined.?®*° Sustained CGM
wearing requires behaviors to navigate barriers related to
adhesive, skin issues, insurance coverage, and ensuring sup-
plies are available when needed. Particularly among CGM
users not using an AID system, additional behaviors are a
necessary part of beneficial CGM use including checking
CGM data throughout the day, viewing data trends, and
responding to data and alerts.

In addition to defining “CGM use” as a complex ongoing
behavior, our application of the IMB model categorizes dif-
ferent determinants of sustained CGM use and highlights
their interrelatedness. Table 1 includes specific examples of
barriers and facilitators of CGM use, organized by IMB
domain. The model stipulates that more optimal CGM use
should be associated with favorable health outcomes
(Figure 1) which, in turn, contribute to increased informa-
tion, motivation, and, by extension, behavioral skills over
time via a feedback loop.

Given that CGM use itself provides frequent feedback,
we propose a new second feedback loop from CGM use back
to information and motivation capturing the learning and
increased motivation that comes from seeing changes in glu-
cose levels or TIR in response to behaviors or medication
changes. We also propose a new overarching frame for the
model which acknowledges each person’s goal for CGM use
and its influence on IMB components and the definition of
“optimal” use (Table 2). Relationships between the IMB
model components (solid lines; Figure 1) are expected to
remain as hypothesized regardless of CGM use goal. The
IMB model already allows for each component of the model
to vary—we add CGM use goal to organize that variation
and suggest optimal CGM use and intended health outcome(s)
may be different based on one’s goal. A new third feedback

loop from outcomes to CGM use goal allows for goals to
change over time.

Information

CGM use information includes accurate knowledge about
wearing a CGM, viewing and interpreting data, and respond-
ing when challenges arise. It also includes having accurate
heuristics and theories that support CGM use as opposed to
inaccurate heuristics (e.g., any glucose variation is harmful).
Knowledge of how and when to read CGM data and respond
to alerts requires general diabetes education and knowledge
about in-range and out-of-range glucose values, the meaning
of trend arrows, and how to access and interpret trend data.
Certain information and heuristics are essential for enhancing
trust in the CGM glucose values: knowing about false lows
due to compression of the device, understanding discrepancies
between CGM values and fingerstick values, and knowing
how long it takes for insulin administration to affect values.
Knowledge that uncontrollable factors (hormonal changes,
weather, illness, stress) affect glucose may be necessary when
accessing continuous glucose data. Per the IMB model, levels
of information are associated with levels of motivation.
Information and motivation directly impact behavioral skills
and indirectly impact CGM use.

Motivation

Personal motivation reflects individuals’ attitudes about
CGM use which are based on beliefs or expectations that
CGM can benefit them, and perceptions of the information
provided by the CGM as helpful. A person’s overall percep-
tion of knowledge about their diabetes-related numbers can
range from useful and informative to distressing, anxiety-
inducing, or shame-inducing. Continuous glucose monitors
can exacerbate or challenge these existing perceptions,
impacting motivation for ongoing use. Other relevant beliefs
are the meaning of “needing” a medical device or technology
and of wearing a device on the body. Relevant expectations
require balancing positive expectations of how CGM can
provide benefit with realistic expectations about potential
burdens of CGM use. Maintaining CGM use may require
realistic expectations that include experiences of distress and
hassles as well as benefits of CGM use.

Social motivation for CGM use rests on perceived social
norms endorsing CGM use and social and instrumental sup-
port for CGM use. Relevant social norms include concerns
about the visibility of CGM and diabetes stigma. In some
groups, CGM use may be normative, whereas in other
groups, a person wearing CGM may have to address repeated
inquiries about the device. Continuous glucose monitor
alarms in social, work, or public settings may increase stigma
and negative feedback about diabetes. Social and instrumen-
tal support for CGM use includes reinforcement from clini-
cians that CGM is useful and informative. This may involve
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Table I. Factors Relevant to CGM Use Organized by Information, Motivation, and Behavioral Skills.

Information

Knowing how often to change sensor and/or transmitter

Knowing how to order more supplies when running low

Knowing where is best to apply the device

Understanding basic knowledge about in-range and out-of-range glucose values
Understanding the meaning of glucose trend arrows and how to respond to them
Understanding how to access and interpret trend data

Knowing how often and when to check CGM data

Knowing how to calibrate and when it is necessary

Knowing when fingersticks are needed

Knowing there is a glucose CGM lag time (especially when glucose levels are rising or falling or during exercise)
Knowing what to do in response to an out-of-range value

Personal motivation

Expectations of CGM and its effects on glucose variability and quality of life

Perceived helpfulness of information from CGM

Level of ease with wearing and changing CGM (e.g., adhesive, skin irritation, pain)

Level of distress or meaning ascribed when glucose numbers fluctuate

Feelings about having something on your body or “needing” a technological tool

Experience of fears/worries about short- and long-term impacts of diabetes

Perception of the cost-benefit ratio of CGM (e.g., if benefits are worth the cost, time, frustration, and bodily

space)

Level of concern about the visibility of CGM (e.g., drawing attention to having diabetes)
Level of concern about false alarms (particularly when sleeping, about waking bed or room partners)
Feelings about needing to explain diabetes or CGM to others

Social motivation
starting a conversation)

Feelings of connection with others with diabetes (e.g., noticing that someone else also has a CGM and possibly

Level of comfort with checking CGM and managing diabetes (e.g., administering insulin) around others (e.g., in

public, at work)

Social network’s values around health information (e.g., are others using data/CGM to inform health decisions

outside of diabetes management?)

Messaging from health care providers about utility of CGM data

Emotional support from family/friends for navigating barriers or stressors related to CGM use
Level of ease with experiencing/managing alerts/alarms around others

Family/friends knowledge on how to respond to alerts/alarms

CGM data-sharing relationships with friends/family

Instrumental support for obtaining, wearing, and changing CGM

Instrumental support for navigating insurance logistics pertaining to supplies and coverage

Behavioral skills Organizing and replenishing supplies

Managing side effects (e.g., pain, discomfort, adhesive problems, skin irritation)

Setting, adjusting, and responding to alerts (e.g., adjusting to avoid alert fatigue)

Self-cueing CGM checks regularly and at important times during the day

Dosing/adjusting medications in response to CGM data

Communicating with health care providers about problems/questions about CGM

Retrieving, viewing, and interpreting CGM trend data

Adjusting activities/lifestyle based on CGM data

Planning and executing fingersticks when taking an intended break from CGM or between refills/during gaps in

insurance coverage

Contacting the CGM company and/or insurance if problems arise with refilling or using CGM (e.g., sensor

failure)

clinicians reviewing CGM data to inform clinical care deci-
sions and expressing the importance of these data. In addi-
tion, family/friends may offer emotional support (listening
and expressing empathy for hassles and feelings about
addressing others’ inquiries) and instrumental support
including help navigating insurance, family/friends knowing

how to respond to CGM alerts or alarms. Others’ response to
seeing CGM on the body or hearing alerts may be harmful or
conflictual and nighttime alarms may strain relationships
with bed or room partners.

Sharing CGM data with friends/family may be a social
motivation factor unique to CGM. The literature on CGM
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How to read and interpret CGM
Avoiding/managing problems
with the device (e.g., physical
discomfort, difficulty with

i Example CGM Use Goals

4. Optimize other health behaviors and diabetes knowledge (how glucose responds
to foods and physical activity)
5. Improve time in range (especially when paired with automated insulin delivery)

adhesive, skin reactions)
Accurate heuristics & implicit
theories concerning CGM use

CGM device

problems

Motivation
Personal Motivation
« Attitudes and beliefs about
outcomes of CGM use and non-
use and evaluations of these
outcomes

Behavioral Skills
Objective & Perceived abilities
(self-efficacy, problem-solving skills)
* For acquiring, applying, and reading

device or reducing the impact of those

For overcoming cost-related barriers
For changing other self-care behaviors
based on data provided by the CGM
For acquiring social & instrumental
support for CGM use

For self-reinforcement over time

For communicating with healthcare
providers about CGM

\ * For minimizing problems with the

Outcomes
* Time in Range
* Hemoglobin Alc
* Subjective health
(Quality of life)
« Satisfaction
with CGM

CGM Use
Regular CGM wearing
Viewing CGM data
Interpreting CGM data
Responding to CGM data
and alerts appropriately
per goals

>

..¢..

* Perception that information
provided by CGM is helpful

Social Motivation

* Perceptions of social norms
about CGM use & a desire to
comply with these norms

* Social & instrumental support
for consistent CGM use

Figure |. Information-Motivation-Behavioral Skills (IMB) Model of CGM Use.

Curved lines indicate associations/correlations; straight lines indicate causal paths; dashed lines indicate our additions to the IMB model of CGM use.
Additions to the IMB model which are new and specific to CGM use include (1) a feedback loop from CGM use to information, motivation, and, by
extension, behavioral skills; (2) CGM use goals as an overarching frame informing relevant IMB domains, CGM use, and outcomes; (3) a feedback loop
from outcomes to CGM use goals indicating goals change over time depending on outcomes of CGM use.

data sharing demonstrates benefits for both the person with
diabetes and the share partner.’! However, to ensure a suc-
cessful data-sharing relationship, it is critical to establish
ground rules.’>* Ground rules are intended to honor the
person with diabetes’s preferences and autonomy by set-
ting forth expectations of how the friend/family should
respond to the data. Knowing and articulating CGM use
goals may inform ground rules and maximize benefits of
sharing.

Personal and social motivation influences one another.
For instance, personal beliefs may affect interest in CGM
data sharing. CGM may be viewed as increasing autonomy
and reducing concerns of family members, or as impeding
autonomous diabetes management. The degree to which
sharing CGM data supports or interferes with those percep-
tions likely informs comfort with data sharing. Similarly,
social norms, personal beliefs, or values around privacy may
reduce motivation to seek social support through CGM data
sharing.

Behavioral Skills

Behavioral skills include objective and perceived abilities to
maintain CGM use across different situations including
obtaining and applying the device; setting, adjusting, and
responding to alerts; dosing/adjusting insulin in response to
CGM data; and/or adjusting activities/lifestyle based on
CGM data. Moreover, behavioral skills include problem-
solving skills to overcome challenges with CGM use, such as
managing and overcoming technical difficulties, and com-
municating with health care providers or insurance compa-
nies if problems/questions arise.

Information and motivation work primarily through
behavioral skills to affect CGM use. For instance, having
accurate knowledge of how to respond to an out-of-range
CGM alert (information), the belief that addressing an out-
of-range CGM alert is beneficial (personal motivation), and
comfort addressing an out-of-range value around others
(social motivation) all affect whether a person will have
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Table 2. Example CGM Use Goals With Associated Features of Optimal Use and Example Characteristics of Persons With Diabetes.

CGM Use Goal

Features of Optimal CGM Use

Common Among Persons Who

Avoid fingersticks and/
or inform insulin
administration

Safety concerns (avoid
hypoglycemia and
hyperglycemia)

Identify trends and
inform long-term
management or
treatment changes

Optimize other health
behaviors and diabetes
knowledge (how
glucose responds to
foods and physical
activity)

Consistent wear and/or a plan to use fingersticks during
CGM breaks

Remembering to check before meals/consistent with insulin
dosing schedule

Responding effectively and quickly to checks and/or alerts
(including dosing insulin appropriately)

Consistent wear and/or a plan to use fingersticks during
CGM breaks

Remembering to check at important times in routine
(before work or before driving)

Setting appropriate alerts

Responding quickly and effectively to checks and/or alerts
Ensuring important others receive alerts for out-of-range
values and know how to respond

Wear time sufficient to inform treatment changes (e.g., 2
weeks — 3 months)

Viewing and interpreting trend data

Sharing data with health care provider(s) to inform changes
to medication regimen

Sharing with health care provider(s) to advise on/confirm
plans for patient-directed changes (timing of medications,
meals or snacks)

Wear could be short-term or sporadic or long-term and
consistent

Reviewing data at end of the day and/or checking before/
after meals/snacks and physical activity

Engaging educated others in reviewing CGM data
Changing diet (composition or timing) and planning snacks/
meals around physical activity in the future

Check glucose values frequently
Use prandial insulin

Experience pain from or difficulty/
distress related to fingersticks

Have hyper/hypoglycemia unawareness
Prefer their glucose values to run higher
or lower than recommended

Worry about or have experienced
severe hypo/hyperglycemia events

Have lower quality of life or experience
distress associated with their treatment
regimen or glucose excursions

Have started a new medication and
want to evaluate its effectiveness

Have persistently high HbAlc values

Are newly diagnosed

Are participating in Diabetes Self-
Management Education and Support
Do not use prandial insulin
Experienced recent unexplained
increases in HbAlc

e Using predictive numbers to adjust/plan for activities

self-efficacy and adequate behavioral skills to respond to
CGM alerts consistent with their broader goals to manage
diabetes.

Model Application

Optimal education and support for CGM use will require
identification of each person’s goal to guide which aspects of
IMB skills to emphasize. For example, a person using pran-
dial insulin whose goal is to avoid hypoglycemia may prefer
to avoid gaps in CGM use, develop habits to view CGM data
at key times, and respond to alerts and arrows in a timely
fashion. In this case, CGM-related education and support
may emphasize information about the meaning of arrows
and alerts and associated required changes in insulin admin-
istration. Social motivation may include sharing alerts for
hypoglycemia with others with whom they spend time (part-
ners, coworkers). Desired benefits may include increasing
TIR and improving quality of life.

In contrast, a person not using prandial insulin may use
CGM with the goal of optimizing other health behaviors,
allowing for more time-limited use (wearing when mak-
ing behavior changes or undergoing changes in their

medications) and viewing trends at the end of each day or
week. Education may focus on how CGM informs dietary,
physical activity, or medication adherence changes. CGM
education and support may focus on how to view and
interpret trend data and emphasize the feedback loop from
glucose data to information and motivation. They may
choose to share and/or review data with someone who
understands how behaviors affect glucose for people with
diabetes (e.g., a health care professional, family/friend
with diabetes). Desired benefits may be lower HbAlc or
more TIR.

Conclusion

CGM use is a complex ongoing self-management behavior,
conceptualized with the IMB model to guide efforts to real-
ize long-term glycemic and quality-of-life benefits for peo-
ple with diabetes. This framework can be applied to
understand heterogeneous experiences and outcomes of
CGM use, and to guide education, support, and interventions
for CGM use. This model emphasizes that CGM is a tool to
support a person with diabetes and highlights how diabetes
education can be tailored to identify what information is
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needed in accordance with an individual’s goals and desired
outcomes. Certain goals may be more prevalent based on
diabetes characteristics like diabetes duration, medication
regimen, HbAlc level, and frequency of hyper/hypoglyce-
mia. CGM goals may evolve depending on life demands and
time/experience with diabetes and with CGM, thus, ongoing
evolving support may be needed for sustained and effective
CGM use.

The IMB model is designed to explain, predict, and guide
interventions on an individual level, with acknowledgment
of the role of social motivation and its drivers. The model
does not incorporate health care system-level factors known
to be critical (CGM-related costs, insurance coverage, billing
codes, and expertise of clinicians)**3¢ or aspects of the CGM
technology/device. However, a strength of the IMB model is
the dynamic consideration of changes in the individual’s
knowledge, motivation, and behavioral skills which are
affected by these factors.

At this point, the IMB model of CGM use is proposed
as a useful organizing framework based on existing litera-
ture and our experiences with clinical care and interven-
tion research. Important next steps include identifying/
developing necessary measures and applying them toward
validation of the IMB model of CGM use. Further research
should elucidate which specific aspects of each IMB com-
ponent are most relevant for different CGM use goals. We
also suggest operationalization of sustained CGM use
should allow different degrees of ongoing use to be consid-
ered “optimal” for different use cases and goals. Our
framework can inform the types and frequency of clinician
support required, which is essential as use of CGM in pri-
mary care settings increases.** IMB model interventions
should tailor content to individuals’ goals and barriers,
dynamically over time, and evaluate intervention effects
on CGM use and anticipated outcomes.!>!1622
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