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Abstract Providing behavioral, biomarker, or disease risk
feedback to patients is a key component of most behavioral
interventions in diabetes, but it remains unclear what is nec-
essary for such feedback to be truly engaging and effective.
We sought to identify how personalized health-related feed-
back is most effectively designed and delivered, and how
feedback may be tailored to meet the needs of individual pa-
tients with diabetes. To do so, we systematically reviewed
recent findings concerning the effectiveness of feedback in
eight health-related areas, including several specific to diabe-
tes care (blood glucose monitoring and HbA1c) and others
which touch on broader care dimensions (blood pressure, cho-
lesterol, dietary intake, pedometer usage, self-weighing, and
medical imaging). Five interdependent characteristics of
health-related feedback were identified (clarity of the feed-
back message, personal meaningfulness of the feedback, fre-
quency of feedback, guidance and support accompanying
feedback, and interplay between feedback and patient charac-
teristics) and applications for use in diabetes care were pro-
vided. Findings suggested that feedback will be most effective
when it is easy for patients to understand and is personally
meaningful, frequency of feedback is appropriate to the char-
acteristics of the behavior/biomarker, guidance for using feed-
back is provided, and feedback is qualified by patient

characteristics. We suggest that the effectiveness of feedback
to promote better diabetes outcomes requires careful consid-
eration of the feedback message, how it is delivered, and char-
acteristics of the recipients.
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Introduction

Personalized health feedback is widely regarded as a potent
strategy for enhancing patient motivation and for promoting
and maintaining behavior change [1–3]. The provision of be-
havioral, biomarker, or disease risk feedback to patients lies at
the heart of many of the major health behavior change theories
(health belief model, theory of reasoned action, health deci-
sion model) and serves as a key component of most health-
related behavioral interventions in diabetes care and beyond,
including those designed to reduce smoking and alcohol con-
sumption, increase physical activity, improve diet, enhance
medication adherence, and reduce substance abuse, risky
sex, and obesity [4, 5]. But are such strategies effective? In
particular, does feedback provided to patients with diabetes
lead to positive behavior change and better clinical outcomes?
Is the communication of personalized health-related informa-
tion alone sufficient to improve diabetes self-care [6]?

Following DiClemente [7], we define personalized health-
related feedback as the provision of personal information that
has been derived from some type of assessment procedure
(e.g., biological, behavioral, or condition-related health indi-
cator) to prompt or maintain positive behavior change. To
enhance change or to place it in context, the information pro-
vided often compares a person’s results either to a reference
group (a normative comparison) or, in a more self-referential
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fashion, to their own results recorded at a different moment in
time (an ipsative comparison) [8]. In the health care arena,
personalized feedback may target behavior (e.g., pedometer
feedback, daily calorie consumption), specific biomarkers
(e.g., lipid levels, blood pressure), or broader constructs such
as risk status (e.g., estimated likelihood that the individual will
experience stroke within a defined time period).

Despite the ubiquity of personalized feedback in modern
clinical care, studies that examine its direct impact on health
outcomes are remarkably rare. The goal of this report is to
examine recent findings in the scientific literature and to iden-
tify the ways in which feedback is most effectively delivered,
which forms or types of feedback (e.g., intensity, frequency,
modality) are most effective, and how feedback may need to
be tailored to meet the personal needs of individuals with
diabetes. Although many studies include feedback as a com-
ponent of an intervention, it is rare that the specific impact of
the feedback itself is evaluated as an independent contributor
to change in outcomes. Thus, formal meta-analytic methods
cannot easily be utilized to evaluate the relative effectiveness
of different kinds or characteristics of feedback. Therefore, in
an effort to summarize and integrate what is known about the
effects of feedback on various outcomes, in this report we
present a comprehensive narrative summary of the literature
that identifies the key elements of feedback that should be
taken into consideration to enhance patient motivation and
to promote and/or sustain changes in diabetes self-care.

Linkages Between Personalized Feedback
and Behavior Change

Information processing theory posits that providing appropri-
ate feedback prompts systems to automatically adjust their
functioning to maintain a steady state, as in homeostasis, or
to alter their functioning in other ways to provide optimal
outcomes (e.g., self-regulation and control theories [9, 10]).
These theories work well when addressing biological process-
es, such as how a change in oxygen level leads to an adaptive
shift in respiratory rate, but when applying this approach to
more complex systems, such as those requiring human behav-
ior, the impact of feedback is not at all straightforward [11].
Indeed, an examination of the recent literature indicates that
health-related feedback often has beneficial effects on patient
behavior and clinical outcomes [12–14], but feedback is
sometimes found to be no better than no feedback [15, 16]
and it is sometimes decidedly less beneficial than usual care,
suggesting that feedback may at times be harmful [17, 18].

As a relevant diabetes-related illustration, consider the im-
pact of providing glycosylated hemoglobin (HbA1c) feedback
to patients. In the four major studies to date, computer-gener-
ated, tailored feedback regarding recent HbA1c and other met-
abolic indices were provided to patients with type 2 diabetes

(T2D) and compared to a no feedback control [19–22].
Investigators then observed how HbA1c changed over the
next 6–15 months. Of the four studies, two [19, 20] found that
HbA1c feedback had a significant, positive impact on glyce-
mic control compared to controls. In the first study, the inter-
vention group evidenced a meanA1C drop of 0.9 %, while the
control group dropped 0.2 % [19]. In the second study, A1C
dropped 1.1 % in the intervention condition and only 0.6 %
among controls [20]. In contrast, the remaining two studies
[21, 22] found no significant between-group HbA1c differ-
ence. Furthermore, in one of the latter studies, those patients
with poor baseline HbA1c (>8 %) displayed a significant
worsening of glycemic control as a result of HbA1c feedback
compared to controls [20]. Thus, the commonly held belief
that feedback is uniformly helpful for improving health-
related outcomes is not supported by recent studies.

How to make sense of these inconsistent findings? Careful
examination of studies to date indicate that health-related
feedback, though it is typically considered a single, uniform
type of intervention, actually varies dramatically in form, time
frame, frequency, and content from one study to another.
Furthermore, as noted above, the actual provision of feedback
is typically folded into larger, multi-component programs, of-
ten with different time frames and different feedback content,
that make the true impact of feedback difficult to assess di-
rectly [23]. The impact of feedback on complex behavioral
systems in real-world clinical settings, therefore, is heavily
dependent on the subtle characteristics of the feedback mes-
sage. This may include the ways in which the information is
communicated, how often feedback is provided, to whom the
feedback is directed, and more. The critical issue is how to
identify the key conditions under which feedback increases
patient engagement and positive diabetes-related health
behaviors.

Five Elements of Feedback

The two authors independently reviewed all of the recent stud-
ies extracted from the literature and identified those major
elements that seemed to directly influence the impact of
health-related feedback. The two authors then compared and
integrated their findings, yielding five major elements: clarity,
personal meaningfulness, frequency, guidance and support,
and patient interpretation (Fig. 1). These five are neither mu-
tually exclusive nor exhaustive, but they frame the different
ways in which feedback can be characterized. Below, we de-
fine each and then, to the extent that data are available, review
how each element influences patient behavior and might be
used most effectively to shape feedback messages to enhance
outcomes. This summary is based on our examination of eight
distinct areas of health-related feedback, including those that
are specific to diabetes care (blood glucose monitoring and
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HbA1c) and those that touch upon broader care dimensions
(blood pressure, serum cholesterol, dietary intake, pedometer
usage, self-weighing, and medical imaging). Unfortunately,
there have been no systematic efforts to examine how the
various characteristics, frequencies, and types of feedback de-
livery directly influence biobehavioral outcomes, and in many
of the available studies, it is difficult to ascertain whether the
feedback was directed at influencing patient behavior (e.g.,
medication adherence) or clinician behavior (e.g., medication
titration).

1. Clarity of Feedback

The ways in which feedback are communicated and presented
directly affect recipient comprehension [1]. Not surprisingly,
when data are presented in a form that is clear, attractive, and
not overly complex, they are likely to be interesting and en-
gaging, thus enhancing use. For example, it has been suggested
that one reason for the widespread use of pedometers is that the
feedback provided is extremely simple, easy to understand,
and easy to use. Pedometer feedback reflects an uncomplicated
metric (number of steps taken), the tool is inexpensive and
readily available and it is usable by low and high literacy pa-
tients. The data are easily summarized and change can be seen
over time [24]. In contrast, when feedback is unappealing, too
complicated, or cannot be easily interpreted by the recipient, a
positive response is less likely [25].

We identify two keys for addressing clarity. The first con-
cerns how well, or how poorly, the data are summarized for
the patient. As an illustration, consider that intricate sets of

numerical data, such as home blood pressure (HBP) measure-
ments over a period of days or weeks, may be more welcomed
and less likely to be dismissed when they are presented in a
patient-friendly summary form, compared to a long list of raw
HBP numbers. Kabutoya and colleagues [26], for example,
found that patients asked to make daily use of a HBP device
that displayed a graphical summary that helped them visualize
the feedback data over time achieved adequate blood pressure
control significantly more rapidly than patients equipped with
a standard HBP monitor that did not present any summarized
data.

The second major key is whether or not feedback is linked
to Breal-world^ comparators that make sense to the patient.
Appropriate comparators, anchored to a sensible metric,
ground the feedback in a manner that is more relevant to the
patient’s daily experience. For example, there is evidence that
the benefits of providing calorie counts for recent meals may
be greater when they are associated with easy-to-
conceptualize referents, such as the amount of exercise needed
to compensate for the food consumed, than when the referent
is more abstract and less salient, such as the percent of daily
calories recommended [27].

Although recent research suggests that patients often find
some health-related feedback data, such as blood glucose
monitoring results, difficult to understand [28], we are un-
aware of any feedback intervention studies that have directly
evaluated how well patients are able to comprehend the infor-
mation provided and how this information affects outcomes.
Still, clarity is likely to be a key contributor to feedback effi-
cacy, especially when there is an emphasis on summarizing
and framing complex data in a patient-friendly, easily under-
stood manner.

2. Personal Meaningfulness of the Feedback Message

The effectiveness of feedback varies directly as a function of
its personal meaningfulness and relevance to the recipient.
Our review suggests that meaningfulness increases when
one or more of the following four critical dimensions are
considered.

First, the effectiveness of the feedback message can be
enhanced when the recipient’s data are compared with data
from a relevant peer group. Presenting feedback in this way
provides the patient with a sense of perspective, highlighting
how his/her behavior or disease status is different from a par-
ticularly relevant norm or appropriate reference group. For
example, attempts to reduce smoking are significantly en-
hanced when personalized health risk data are presented as
Blung age^ (the age of the average individual with similar
spirometry scores), in contrast to a presentation that includes
only raw spirometry data with no relevant referent [29].
Interestingly, the Blung age^ effect occurred irrespective of
the severity of patient disorder, suggesting the power of using

Fig. 1 A conceptual model demonstrating how five major elements of
feedback impact behavior change

Curr Diab Rep (2015) 15: 50 Page 3 of 10 50



a poignant referent for an entire patient population [30]. Thus,
providing a comparative frame of reference that is personally
meaningful can lead to greater behavioral change.

Second, the feedback message may be more impactful
when it shows in graphic and understandable ways how one’s
physical health is directly affected by the targeted behavior.
When the feedback is an image of bodily function, for exam-
ple, rather than something less immediate (such as a calculated
risk score), enhanced patient interest and activation might be
expected. For example, greater improvement in glycemic con-
trol was seen in type 1 diabetes adults with non-proliferative
retinopathy and suboptimal glycemic control (HbA1c>7.0 %)
who viewed pictures of their own retinal images compared to
similar patients who received only an abstract risk score [31•].
Similarly [32], smokers shown ultrasound images of both their
own carotid arteries, indicating atherosclerotic plaque, and
images of disease-free arteries were more likely to initiate
smoking cessation behaviors than smokers who did not view
these images [33]. In sum, feedback is more likely to be en-
gaging when there is a meaningful, tangible referent.

Third, effectiveness is enhanced when the feedback mes-
sage includes how the feedback can be put to good use [8].
Unfortunately, many patients come to believe that certain
forms of health-related feedback have no functional value.
Consider the patient with type 2 diabetes who is asked to
self-monitor his/her blood glucose (SMBG) each day, but nev-
er learns what to do with the results. In such cases, SMBG is
not viewed as providing usable information, leading to poor
adherence to SMBG recommendations [34•]. In contrast,
when feedback is collected, structured, and communicated in
a manner that is linked to corrective action, the probability of
positive behavior change is increased [35]. For example, when
SMBG is structured in a Bpaired testing^ format (testing blood
glucose before and after a specific event, such as daily exer-
cise), the patient can more easily see that what he/she does
really makes a difference [28, 36]. This phenomenon, known
as Bperceived treatment efficacy ,̂ is recognized as a key con-
tributor to patient activation and motivation because it dem-
onstrates in vivid form that the patient’s own behavior has a
tangible impact on health-related indices [37].

Regularly monitoring and updating key data can enhance
the utility of feedback even further by providing patients with
a presentation of progress over time and, potentially, a tangible
record of success [23]. When shared with a health care pro-
fessional, such data may also contribute to an enhanced level
of accountability [24]. Therefore, feedback may have the most
beneficial effects when multiple data points over time can be
presented and reviewed, especially with a clinician, that clear-
ly links how personal behavior influences the attainment of
well-defined health outcomes or goals [1, 38].

Fourth, the time interval between when feedback informa-
tion is collected and when it is delivered to the recipient is
critical. To the extent possible, feedback is more effective

when it closely follows when the behavior occurred [39].
When feedback is long delayed, it may seem less Breal^, be
of less critical value, and perhaps be less usable. For example,
the positive impact on patients with diabetes of receiving
HbA1c feedback might be quite different depending on
whether the data communicated to the patient came from an
in-office, point-of-care device (representing the most recent
data possible) or from a mailed notice about a laboratory
HbA1c completed several weeks or months earlier.

Each of these critical feedback characteristics addresses
how feedback is configured in ways that enhance perceived
meaningfulness and relevance. It is apparent that the simple
provision of information and feedback to patients does not
necessarily lead directly to awareness, engagement, and effec-
tive action. Information alone can be easily ignored or seen as
irrelevant and unusable. To be most effective, feedback needs
to be crafted in ways that enhance its personal value, including
comparisons to relevant peer groups and salient ties to health
consequences.

3. Frequency of Feedback

The frequency of delivery is often dependent on the specific
behavior or biomarker. For example, real-time continuous glu-
cosemonitoring (RT-CGM) yields data every fewminutes and
can help a patient see how specific lifestyle behaviors are
linked to glucose levels. In contrast, lipid levels are typically
assessed only once or twice yearly, making lifestyle behaviors
and lipid levels relatively more difficult to connect.

In general, greater benefits are seen with more, rather than
less, frequent feedback. For example, providing at-risk pa-
tients with personalized coronary risk information at several
points over time is linked to a significant reduction in predict-
ed risk, whereas presenting such information at only one point
in time has little or no effect on risk indices [40]. More fre-
quent at-home weighing and more frequent diet and physical
activity monitoring are linked to better weight loss outcomes
over time [3, 41, 42]. For people with diabetes, more frequent
SMBG is associated with greater glycemic benefits [43, 44].
More frequent RT-CGM use is also linked to better HbA1c
outcomes [45].

Several factors, however, qualify the Bmore is better^ rule.
In some cases, more frequent feedback may be the result, not
the cause, of the noted health benefits. Some patients, for
example, may choose to check their weight more often only
when they believe that they are successfully losing weight.
Furthermore, frequent feedback may lead to feeling
overwhelmed, bored, or discouraged, especially if positive
change is not seen over time or if changes appear unrelated
to patient behavior [37].

Importantly, the effectiveness of feedback varies along a
gradient of time in which recipients may benefit from feed-
back initially, but then become disinterested, discouraged, or
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unresponsive to feedback later [46, 47]. There is typically a
significant drop-off in use of pedometers, online behavioral
monitoring programs [48], and home BP monitors over time
[49], though there are no consistent data as to when drop-off
typically begins. In addition, the long-term effects of feedback
programs, and the factors that contribute to maintaining re-
sponsiveness to feedback, have not been well documented
[50]. Changes in the form, frequency, and structure of feed-
back may need to occur over time to maintain interest and
engagement, especially for patients with a chronic disease like
diabetes.

4. Guidance and Support Accompanying the Feedback
Message

Feedback interventions vary dramatically by the quality and
intensiveness of accompanying support and guidance provid-
ed by clinicians [50, 51]. Guidance can vary from frequent,
intensive, nurse-led reviews of SMBG results [52, 53] to oc-
casional, cursory, automated emails from a patient’s electronic
health record [5]. Many types of feedback, however, require
ongoing professional support and direction to be effective [8,
54]. Without such support, feedback may have little impact.
For example, there is a large body of data suggesting that
initiation of SMBG in patients with type 2 diabetes not using
insulin has little or no impact on glycemic control when there
is no collaborative support from their diabetes clinician (e.g.,
little guidance regarding how best to respond to worrisome
SMBG patterns and/or lack of positive feedback when SMBG
results have substantially improved over time) [28]. A recent
Canadian study showed that although 63 % of primary care
physicians encouraged their hypertensive patients to monitor
their blood pressure at home, only 8 % were given specific
training and ongoing support. Interestingly, the inclusion of
training by a clinician was the strongest predictor of sustained
home blood pressure use over time [55, 56].

Many studies demonstrate that feedback interventions ac-
companied by close guidance and support can enhance health
outcomes. For example, feedback on lipid levels coupled with
highly specific, personalized actions to improve cholesterol
profiles led to significant improvements in cholesterol, rela-
tive to standard care [57]. Despite these encouraging findings,
to date there have been no carefully controlled trials
documenting the impact of specific kinds (and/or frequencies)
of support and guidance on health-related outcomes. We sug-
gest, however, that several factors may be operative.
Outcomes are likely to be better when the patient is guided
to interpret feedback as encouraging rather than discouraging
(i.e., compensatory action is possible and worthwhile), when
there is an absence of blaming and shaming (worrisome feed-
back is not linked to the person being labeled Bgood^ or
Bbad^) [1, 29], when an atmosphere of trust and collaboration
is cultivated (the feedback and the clinician are seen as

trustworthy) [58•], and when there is collaborative decision-
making regarding how best to respond to the presented results
[28, 59]. Compared to web-based, mobile, or mailed forms,
feedback is more effective when a live, supportive clinician
with whom the patient has a trusting relationship is somehow
involved [22, 60].Without a sense of being accountable and of
being of interest to another person, feedback data—especially
if it is complex, repetitive, hard to act upon, or aversive—is
too easy to ignore [8, 21].

5. Patient Interpretation of the Feedback Message

The effectiveness of feedback is directly related to the dynam-
ic interplay between the qualities of the feedback message and
the characteristics of individuals receiving that feedback [61,
62]. Of the patient characteristics that need to be considered,
four seem critical: affective state, health beliefs, interest or
readiness to receive feedback, and demographics. First, prob-
lematic affective states, such as clinical or subclinical depres-
sion, anxiety disorders, or a high level of life stress, reduce a
patient’s attentiveness and responsiveness to health-related
messages [63]. There may just be insufficient cognitive band-
width and/or personal energy to respond to feedback in a
productive way when a patient is distracted by other life prob-
lems or is experiencing high levels of emotional distress.
Second, feedback is more likely to be accepted and used when
the individual feels confident that the data are accurate and
believes that positive change is achievable and worthwhile. In
addition, the impact will be enhanced when the patient has an
underlying coping style that supports such beliefs. This may
include such key traits as conscientiousness, internal locus of
control, self-efficacy [64], and an ability to set realistic and
achievable expectations [38]. Third, the impact of feedback
will be influenced by the patient’s interest, awareness, or read-
iness to receive feedback, which is related to the individual’s
perceived need for change [35, 65]. Finally, common demo-
graphic characteristics, such as patient age, gender, and edu-
cational level, qualify the effectiveness of feedback interven-
tions. To illustrate, short-term utilization of pedometers has
been found to be higher among men than women, and fre-
quency of pedometer usage among youth and young adults
is far lower than among older adults [24, 66]. In sum, individ-
ual differences in patient demographics, attitudes, affective
status, and personal styles are likely to qualify the impact of
feedback on consequent behavior.

Making Use of the Five Critical Feedback Elements:
Diabetes Care Examples

Our overview of the literature suggests that the effectiveness
of health-related feedback is increased when attention is given
to the critical feedback elements we have identified. In
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Table 1, we summarize these elements, list their key charac-
teristics, and then present several questions that can aid devel-
opers of feedback programs to address feedback in a compre-
hensive, patient-targeted way. As examples, below we consid-
er how these five feedback characteristics can be applied in the
use of RT-CGM and in the more episodic use of SMBG,
especially for T2D patients.

Regarding RT-CGM, there are two feedback mechanisms
to consider: immediate feedback viewed in real time on the
receiver screen and delayed feedback that is summarized elec-
tronically in various composite forms. Two of the five feed-
back components are likely to be of critical importance for

both aspects of RT-CGM. First, meaningfulness is critical
since the burden of using an intrusive device over time must
be balanced by the belief that it will be of personal value.
Second, the incorporation of support/guidance in RT-CGM
is crucial since the overwhelming amount of data provided
by RT-CGM, the less-than-perfect accuracy of the current
technology, and the oft-reported confusion regarding how best
to make sense of and respond to the results can lead to frus-
tration, discouragement, and poor persistence over time [67].

To enhance meaningfulness, one strategymight be to create
a secondary screen display that presents a once-weekly esti-
mation of HbA1c, which could provide a useful translation of

Table 1 Key characteristics of the five major feedback elements, accompanied by questions that may guide feedback interventions

Element Content Questions

Clarity • Provide easy-to-read summaries of
feedback data.

• Use real-world comparators.
• Make it as clear, attractive, and engaging

as possible
• Keep it simple to understand with

an appropriate literacy level

• Are data from multiple behaviors summarized well?
• Are data from the same behavior but from multiple time

periods summarized well?
• How clear and understandable are the summaries?
• Has there been adequate consideration of such factors as

font size, graphical displays, and the amount of data being
presented, such that the user is not overwhelmed?

Personal meaningfulness • Use relevant comparators based on
key norms or peer groups

• Link behavior to relevant health consequences.
• Link feedback to clear, practical actions
• Reduce time between event and feedback,

and between feedback and action

• Which standards or comparators are most relevant
for this patient population?

• What referent group might be most effective for this
patient population?

• Is feedback clearly linked to subsequent actions?
• Are actions tied to easily observable health consequences?
• Are the feedback-behavior sequences easily understandable

by the selected patient population?
• Is the interval between behavior and feedback as short

as possible?
• Is the interval between feedback and action considered?

Frequency of feedback • Give careful consideration to the
optimal interval between sequential
feedback messages

• Is the frequency of delivered feedback too much or too little?
• Is there a way to estimate and/or vary the frequency of

feedback delivery to meet the needs of individual patients?
• Is there a risk of feedback saturation?

Active guidance
and support from others

• Make it encouraging vs. discouraging
• Avoid shaming and blaming
• Provide an atmosphere of trust and

collaboration
• Make use of collaborative decision-making
• Consider the utility of accountability

to another person

• What is the underlying emotional tone of the feedback message?
• Is the language of the feedback message positive or negative?
• Does the feedback reflect on the person or on the behavior?
• Who delivers the guidance and support?
• Is the amount of guidance and support appropriate to the

intensity and complexity of the feedback?
• What efforts, if any, are used to enhance collaboration and trust?
• Are decisions about how the feedback is to be used included

in collaborative decision-making?
• How patient-centered is the guidance-support process?

Patient interpretation
of the feedback message

Consider the patient’s:
• Affective state (depression, distress)
• Impact of health beliefs
• Patient’s interest or readiness to

receive feedback
• Patient demographics (e.g., sex, age,

ethnicity, education level)

• To which patient population is the feedback message
directed—is there a one-size-fits-all strategy?

• Does the feedback message need to be varied by characteristics
of different patient populations (e.g., gender, ethnicity, age)?

• What can be done to address patient beliefs, affective state
and readiness to enhance use of feedback?

• Which kinds of patients might make the least use of this
feedback and what can be done to address this?

• Should patients be evaluated and brought into the
decision-making process to determine which kinds of
feedback might be best?
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RT-CGM data into an easily understandable and relevant
form. Furthermore, a secondary screen could also display
the past week’s glucose variability (in an easy-to-understand,
summarized format) and compare it to values collected during
an earlier period of time or to others who are currently using
the same device. Regarding support and guidance, patients’
effective use of RT-CGM feedback could be enhanced
through the development of live or online classes that provide
guidance with respect to how best to understand RT-CGM
data and to problem solve as needed.

Regarding episodic SMBG usage among T2D patients, the
two critical feedback components are likely to be clarity and
support/guidance. As described earlier, many T2D patients
cannot make sense of their BG values and/or pattern of BG
results [28, 34•]; therefore, devising methods for recording
and displaying BG values in a systematic manner that can help
patients to more clearly understand their values and to ground
those values in a manner that is relevant to their own personal
actions can be potentially quite illuminating. For example,
dispensing with the traditional logbook, several studies have
shown that asking patients to check BG levels intensively
(e.g., before and after meals) over a limited period of time
and record them in a graphical display can help patients better
understand their BG patterns and see how their own lifestyle
choices affect those values [52, 68]. Such displays may be
simple paper forms or algorithms built into a BG monitor.
Regarding support/guidance, even when BG data patterns
are well understood by the patient, such information is essen-
tially useless unless the patient knows how to respond effec-
tively. When the patient has the opportunity to review his/her
blood glucose data with a trusted healthcare professional,
especially when pre-post meal BG data are available, BG
feedback can promote greater engagement and, as a result,
better glycemic control [53]. For example, professional
guidance and data interpretation may help the patient under-
stand that his/her regular BG spikes in the late evening may be
due to consuming a high carbohydrate meal, or that a brisk
walk following a large meal may reduce the chances of a BG
spike. Prompting the patient to repeat a time-limited BG
assessment periodically and then reviewing the data with the
patient regularly provides an opportunity for BG feedback to
be meaningful and useable.

Conclusions and Implications

In sum, we suggest that feedback provided to patients with
diabetes (and to the broader audience of patients with chronic
health conditions) will be more effective when:

& it is not overly complicated and easy for the patient to
understand

& it is personally meaningful

& the frequency of feedback is appropriate to the message
and the characteristics of the behavior or biomarker

& targeted guidance and support for using the feedback con-
tent is provided

& the individual receiving the feedback is ready and able to
make good use of it.

Several considerations about these five feedback elements
and of the feedback literature in general are worthy of note.
First, we suspect that although these five elements operate
independently, they also operate interactively with one
another. For example, to enhance outcomes, the clarity
of feedback may need to be given greater attention as
the frequency of feedback presentation increases, and
the meaningfulness of the feedback message may be
heavily influenced by the degree and quality of the
available support and guidance.

Second, we note the almost complete absence of studies
that evaluate the effect of repeated episodes of feedback
over time. There seems to be an assumption that the ef-
fectiveness of feedback is the same after the first time it is
delivered as after the 20th or 30th time. Varying the fre-
quency of feedback and taking breaks from feedback are
rarely considered in the design of feedback programs. This
becomes especially important for patients with a chronic
condition like diabetes where the same activities are re-
quired repeatedly over time.

Third, we are struck by the almost universal use of a Bone-
size-fits-all^ approach to the delivery of feedback: there seems
to be a belief that a single mode, frequency, form, and/or level
of each of the five elements of feedback will work equally
well for all patients without consideration of different patient
needs, preferences, skills, and experiences. This uniform ap-
proach precludes patient tailoring and de-emphasizes design-
ing feedback programs in ways that meet the needs of indi-
vidual patients. Furthermore, such an approach does not pro-
vide clinicians and patients with a menu of easily selected
options for use in designing feedback programs that address
specific clinical problems or questions in patient-tailored
ways.

Fourth, there is a striking lack of comprehensiveness and
perspective when considering the frequent inconsistent or
contradictory findings across studies. For example, among
the four HbA1c feedback studies described above, a crucial
feedback element that seems to have been omitted from con-
sideration is the presence/absence of direct feedback support
from a health care professional. Interestingly, direct support
was provided as part of the protocol in the two studies with
positive glycemic findings [19, 20], whereas no direct support
was provided in the two studies with negative findings [21,
22]. Thus, it may be important to take into account the multi-
ple elements of feedback when evaluating the results of a
feedback program.

Curr Diab Rep (2015) 15: 50 Page 7 of 10 50



Last, as technology advances and as feedback devices for
diabetes self-management become smaller, more easily used,
and less expensive, we expect that the number and complexity
of these devices will increase dramatically. There is a danger
that a focus on technological sophistication will wow con-
sumers with Bcool apps^ and devices will become more com-
plex simply because we will have the technology to make
them so [69] and not because they offer improvements in
clinical outcomes over time. Many of these devices may serve
a clinical need, but their emergence into the market must be
accompanied by an equal emphasis on patient preference, the
clinical problem they address, and the behavioral processes
that link feedback to health-related outcomes. This interactive
process between patient and feedback, taking into account all
five elements of feedback, has not been well attended to in the
current literature. We call for greater integration of the psy-
chology of behavioral change into the development of new
devices and the utilization of effective feedback in diabetes
care.
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