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Real-time continuous glucose monitoring (CGM) use
may lead to behavioral modifications in food selection
and physical activity, but there are limited data on the
utility of CGM infacilitating lifestyle changes. This article
describes an 18-item survey developed to explore
whether patients currently using CGM believe the
technology has caused them to change their behavior.

In the United States, an estimated 30.3 million people
(9.4% of the population) have diabetes (1). A recent
report noted that economic costs of diabetes increased by
26% from 2012 to 2017 (2). Macro- and microvascular
complications from uncontrolled diabetes and multiple
psychosocial factors contribute not only to the cost of
diabetes, but also to quality of life deficits for those living
with the disease (3).

Exercise has been shown to improve blood glucose
control, reduce cardiovascular risk factors, contribute to
weight loss, and improve well-being (4,5). Even low-
intensity exercise improves glycemic control over 24 hours
(6,7) and lowers A1C levels regardless of weight loss (8).
Thus, guidelines from the American Diabetes Association
(ADA) and other professional societies recommend that
adults with type 1 or type 2 diabetes perform at least 150
minutes/week of moderate- to vigorous-intensity aerobic
physical activity (9,10). Despite these guidelines, 36.1%
of U.S. adults with diabetes report having no physical
activity within the previous 30 days (11), and how to
motivate patients with diabetes to attempt regular ex-
ercise remains an open question. One study on motivation
for exercise reported that exercise expectations are
formed individually in accordance with what most people
recognize as an “appropriate” level of physical activity and
that there is “potential for improving exercise manage-
ment by stimulating intrinsic motivation” (12).

KEY POINTS

» Ninety percent of continuous glucose monitoring
(CGM]) users felt that its use contributed to a
healthier lifestyle.

» Forty-seven percent of CGM users reported being
more likely to go for awalk or do physical activity if
they saw a rise in their blood glucose.

» Eighty-seven percent of CGM users felt that they
modified their food choices based on CGM use.

» More research is needed into CGM as a behavior
modification tool for diet and exercise in in-
dividuals with diabetes or prediabetes.

Similarly, food choices also affect glycemic control, and
limiting carbohydrate consumption and choosing high-
quality (i.e., high-fiber, low—glycemic index [GI]) foods
may improve glucose levels because higher-GI foods cause
greater glycemic responses (13). However, data are mixed
regarding the benefit of recommending low-GI foods
(14-16). Current ADA dietary recommendations focus
more on individualizing meal plans and conclude that,
“there is not a one-size-fits-all eating pattern” for in-
dividuals with diabetes. The ADA no longer recommends
specific total meal or daily carbohydrate intake levels, and
there are mixed messages about low-Gl diets (17). Yet, the
GI does provide a good summary of postprandial glycemia
(14,18-20) and, coupled with real-time continuous
glucose monitoring (CGM), it may be a useful tool for
patients to better understand meal-related glycemic
fluctuations.

Despite the controversy over food composition, most
would generally agree that both food choices and physical
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activity affect glucose regulation, although responses may
vary among individuals. Thus, what may be missing for
individuals is direct feedback on their lifestyle choices.
Real-time CGM captures nutritional intake and physical
activity performance and may provide both positive and
negative reinforcements of behavior, leading to sustained
changesin lifestyle. However, there is limited literature on
patients’ perceptions of how CGM influences their be-
havior. We conducted a survey of patients currently using
CGM to assess their perceptions of how its use affects
their lifestyle choices.

Objective

The objective of this study was to evaluate whether
patients with diabetes using CGM perceived that its
use influences their food choices and physical activity.

Research Design and Methods

This study was reviewed and approved by the
George Washington University institutional review
board. We designed an 18-item questionnaire for
current CGM users with any type of diabetes to determine
their perceptions of how CGM affects their nutrition
and physical activity choices. The survey asked
questions about food choices, physical activity,

and patients’ perception of change after using CGM
(Figure 1). Data were collected by paper survey

at an academic endocrine center over a 6-month
period. Patients were recruited on an as-seen

basis and given the survey anonymously. Those

who declined participation were not included.
Demographic data included age, sex, reported

A1C, insulin pump or multiple daily injection (MDI)
insulin regimen use, type of CGM device used,

and duration of CGM use. Responses to the survey
were collated and analyzed by descriptive statistics
using Excel (Microsoft Corp., Redmond, WA). Results
are presented below as either number or percentage
of patients.

Results

A total of 40 participants completed the survey. Mean

age was 36 years (range 19-68) and mean BMI was 27.8
kg/m? (SD 5.2). Seventy-eight percent of the participants
(n = 31) used an insulin pump. Mean reported A1C was
7.5% (range 5.5-9.9). Fifty-five percent of the partici-

pants (n = 22) used a Dexcom CGM device, 40% (n = 16)
used a Medtronic device, and 5% (n = 2) did not provide
information on the type of CGM system they used. Mean
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1

While using continuous glucose monitoring (CGM) did you notice how different food choices
affected blood sugar?
_Yes __No __ldonotknow

2

After CGM use, do you feel that you:

Limited sugared beverages

Excluded sugared beverages

Made no changes to sugared beverage choices

I never drank sugared beverages prior to CGM use

3

After CGM use, do you feel that you excluded or limited rice?
__Yes __No __lexcluded rice prior to CGM use

4

After CGM use, do you feel that you excluded or limited cereal?
_Yes __No __lexcluded cereal prior to CGM use

5) After CGM use, do you feel that you read labels for fiber content more?
__Yes __No __lalready looked at fiber content __| do not know

6

Are there any foods you limited or excluded after CGM use? Please list up to your top three
or write "none."

7

Do you think CGM use made you more likely to be more active/increase your exercise?
_Yes __No __lwasalready very active __I|do not know

8

Were you more likely to go for a walk or do physical activity after a meal if you saw rising
blood sugars on your CGM device?
_Yes __No __lalready walked or was more active after meals __I do not know

9

Overall, do you feel that CGM use contributed to you making changes for a healthier
lifestyle?
_Yes __No __ldonotknow

FIGURE1 CGM questionnaire. Demographic questionsincludedin
the survey are not shown.

duration of CGM use was >3 years (range <3 months
to >3 years) (Table 1).

Eighty-seven percent of participants (n = 35) stated that
their food choices changed after using CGM. Most
participants either limited (15% [n = 6]) or never
drank (67.5% [n = 27]) sugared beverages before
CGM use. Regarding exclusion of cereals and rice from
their diet, 45% of participants (n = 18) already excluded
cereal before CGM use, and 55% (n = 22) made no
changes in rice consumption after CGM use. On the other
hand, 15% of participants (n = 6) and 22.5% of par-
ticipants (n = 9) did exclude cereals and rice, respectively,
after using CGM. When asked if they noticed how different
food choices affected their blood glucose levels, 87.5% of
participants (n = 35) reported that they did notice, 7.5%
(n = 3) said they did not notice, and 5% (n = 2) were
unsure. Half of the participants (n = 20) reported already
reading nutrition labels for fiber content before CGM use,
15.0% (n = 6) felt that they started reading labels for fiber
content after CGM use, 30% (n = 12) did not feel that
CGM use led them to read labels for fiber content, and
5% (n = 2) were unsure. After CGM use, 42.5% of the
participants (n = 17) felt that they were more active,
27.5% (n = 11) reported already being active before CGM
use, 22.5% (n = 9) said they made no change in activity
as a result of CGM use, and 7.5% (n = 3) were unsure.
Increased likelihood of going for a walk or doing physical
activity after a meal if CGM showed rising blood glucose
levels was reported by 47.5% of participants (n = 19),
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TABLE 1 Baseline Characteristics of Study Participants
Participants (n = 40)

Age, years 36 (19-68)
Weight, Ib 180 (111-253)
BMI, kg/m? 27.8 (21.0-47.0)
Sex
Male 19 (47.5)
Female 21 (52.5)
Ethnicity
African American 2 (5)
Caucasian 33 (82.5)
Asian 2 (5)
Multiple races reported 3 (7.5)
Reported A1C, % 7.5 (5.5-9.0)
CGM brand
Medtronic 16 (40)
Dexcom 22(55)
FreeStyle Libre 0 (0)
Missing information 2 (5)
CGM use duration
<3 months 5 (12.5)
3-6 months 5 (12.5)
6-12 months 4 (10.0)
1-2 years 6 (15.0)
2-3 years 4 (10.0)
>3 years 16 (40.0)
Insulin delivery
MDI regimen 9 (22.5)
Insulin pump 31 (77.5)

Data are mean (range) or n (%).

35% (n = 14) said they made no such change based
on CGM, 12.5% (n = 5) already took such action
before using CGM, and 5% (n = 2) were unsure. Overall
90% (n = 36) reported that CGM use contributed to

a healthier lifestyle (Table 2).

Discussion

Education to support patient self-management and be-
havior modification is widely recognized as a cornerstone
of diabetes care. The empowerment approach to diabetes
care encompasses three guiding principles: 1) diabetesis a
patient-managed disease and patients make the majority
of daily decisions; 2) the patient-provider relationship is
one of collaboration; and 3) when patients set their own
self-management priorities, they are more likely to be
motivated to initiate and sustain necessary behavior
changes (21). Several studies about chronic disease
management have shown that patient engagement
enhances results (22).
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Research has also shown that structured, frequent glucose
monitoring (seven to eight times per day) improves
glycemic control (23). Real-time CGM provides a full
picture of glucose trends, especially overnight and after
meals, that may prompt positive behavior changes (24). In
two recent, large studies involving people with type 1
diabetes, CGM use improved glycemic parameters. In the
DIaMonD study, participants using real-time CGM showed
increased time in the target glucose range (70-180 mg/
dL) of 1.3 additional hours (+76 min), a 4% decrease in
overall glycemic variability, and a 40% reduction in severe
hyperglycemia (>300 mg/dL) (25). The GOLD study also
showed decreased standard deviation of blood glucose
with CGM (68.49 vs 77.23 mg/dL, P <0.001), as well as
decreased mean amplitude of glycemic excursions (26).
However, data are limited regarding specifically how CGM
improves glycemic variability in those not taking insulin
with meals and what aspects of healthy behaviors CGM
use may influence and thus improve glycemic control.
Even the most recent CGM studies in type 1 and type 2
diabetes focused on A1C improvement and decreasing
hypoglycemia but did not assess nutrition or exercise
changes around CGM use (27-30).

Nonetheless, CGM has become more commonly used to
study the impacts of physical activity, food, and medi-
cation on glycemia. One study highlighted the benefit of
sustained glycemic control with low-intensity exercise
using CGM (6). Another study used CGM to show that
walking after meals was more beneficial to average 24-
hour glucose levels than 45 minutes of continuous daily
walking (7), and a more recent study in those at risk for
developing diabetes found that moderate postmeal
walking significantly improves 24-hour glycemic control
(31). Without specific instruction on exercise, 47% of our
survey participants noted that they were more likely to go
for a walk after meals, an action that has been shown to
improve the daily glycemic profile.

Similarly, CGM has been used to show the impact of
specific foods and dietary choices. One study, for example,
showed improved glycemic control with brown versus
white rice and even more benefit with the consumption of
glutinous brown rice (32). A more recent study dem-
onstrated that a low-carbohydrate breakfast improved
glycemic variability over 24 hours (33). Eighty-seven
percent of our patients noticed glucose changes from their
food choices. However, many participants had already
omitted or limited certain foods before using CGM. We
believe this is likely because of the duration of their
disease. We hypothesis that CGM could have an

even greater impact on food choices if used sooner
after diagnosis.
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TABLE 2 Key Survey Findings

Question Yes No Do Not Know Did Before Missing
CGM Use Information
Noticed how food affects sugar? 87.5 (35) 7.5 (3) 5.0 (2) - -
Excluded or limited sugared beverages? 25 (1) 13.0 (5) - 82.5 (33) 25 (1)
Excluded or limited rice? 22.5(9) 55.0 (22) — 22.5(9) -
Excluded or limited cereals? 15.0 (6) 40.0 (16) - 45.0 (18) -
Read labels for fiber content? 15.0 (6) 30 (12) 5.0 (2) 50.0 (20) —
Increased activity or exercised more? 42,5 (17) 22.5(9) 7.5 (3) 27.5 (11) -
Were more likely to go for a walk or perform physical activity 47.5 (19) 35 (14) 5.0 (2) 12.5 (5) —
after a meal in response to rising blood glucose levels on
CGM system?
CGM contributed to a healthier lifestyle? 90.0 (36) 2.5 (1) 2.5 (1) — 5.0 (2)

Data are % (n).

Despite CGM becoming a more common means of
assessing the effects of dietary inventions or exercise, the
use of CGM to provide real-time feedback as part of
interventions has been limited. As we have discussed
previously (34), only one study has been performed using
real-time CGM in an intervention to increase physical
activity, and another study used blinded CGM coupled
with counseling on the resulting CGM data to bring about
improvement in physical activity (35,36). Research is
even more limited on the use of CGM in interventions
addressing the processes of behavior change such as goal-
setting and self-efficacy with regard to physical activity
(37). Research is also scarce with regard to CGM coupled
with diet interventions, and there has been only one small
pilot study looking at the use of real-time CGM with a
low-GI diet (38).

As discussed earlier, the recent large studies of

CGM in type 1 diabetes and studies in which patients with
type 2 diabetes had access to real-time glucose data
(either through real-time or intermittent flash CGM
technology) have focused on A1C and frequency of hy-
poglycemia (30,39), lack any assessment of nutrition or
activity, and have been performed with patients using MDI
insulin regimens or insulin pumps. There has not been a
study involving patients who are either not on insulin or
only using basal insulin since our publication in 2011
showing initial A1C improvement and a sustained
glycemic benefit with no escalation of medications at
12 months with the use of serial intermittent real-time
CGM (40). However, we, too, failed to assess lifestyle
modification in that study.
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CGM technology continues to advance, and the improved
accuracy and calibration-free options now available make
it more appealing for general use. However, research into
how CGM use affects lifestyle behaviors continues to be
lacking, especially in patients not using insulin.

A major limitation of this study is that we did not ascertain
participants’ type or duration of diabetes. We focused only
on CGM use, duration of CGM use, and method of insulin
delivery. CGM use among patients with type 2 diabetes at
our academic center was almost nonexistent during the
study period, although such use is now growing with
newer flash CGM systems and improved real-time
CGM technology. Thus, we suspect that most, if not all,
survey participants had type 1 diabetes and a long
duration of disease because the average age was 36 years,
and 50% of participants had been using CGM for more
than 2 years. With increasing CGM use among people
with type 2 diabetes, it would be interesting to study the
perspectives of individuals in this population using either
real-time or “flash” intermittent scan CGM devices, as well
as the perspectives of people with more recently di-
agnosed type 1 diabetes using CGM.

Conclusion

The three pillars of diabetes management are diet,
medication, and exercise, and all significantly affect
glycemic control. What remains to be shown is how
CGM can serve as an adjunct to and enhance these in-
terventions. Overall, 90% of participants in our survey felt
that they had adopted a healthy lifestyle after using CGM,
and a high percentage of the participants who used CGM
reported food changes (i.e., limiting or excluding high-GI

129




FEATURE ARTICLE continuous Glucose Monitoring As a Behavior Modification Tool

food such as white rice, cereals, and sugared beverages)
and also increased physical activity, especially post-
prandially. The survey findings highlight the potential
utility of CGM as a behavior modification tool in patients
with diabetes and underscores the need for further re-
search on CGM in patients with type 1 or type 2 diabetes
or prediabetes.
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