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Abstract

Background: We assessed the impact of “almost daily” use of continuous glucose monitoring (CGM) in adults with type |
diabetes who had at least | year of CGM experience.

Methods: In this single-center survey, we utilized a |6-item questionnaire to assess changes hypoglycemia fear, incidence
of emergency medical treatment and utilization of self-monitoring of blood glucose (SMBG) before and after | year of CGM
use. Participation was restricted to individuals who used the same brand of CGM system to avoid confounding responses due
to differences between commercial devices. Participants were recruited on an “as-seen” basis from a major, urban internal
medicine clinic and associated diabetes education center. The questionnaire was completed during the clinic visit. Responses
to the survey were analyzed by standard descriptive statistics.

Results: Seventy-four patients completed the survey: 42.9 years (range: 23-71| years), 38 (51%) female, 59 current insulin
pump users. Most (84%) reported wearing their devices “almost daily” (n = 58) or 3 weeks per month (n = 4). “Almost daily”
users reported an 86% reduction in incidence of emergency medical treatment events (P = .0013) and >50% reduction in
daily SMBG frequency (P < .0001). Reductions in hypoglycemia fear were apparent but not statistically significant (P = .7359).

Conclusions: “Almost daily” use of CGM with the Dexcom G4 system reduced incidence of emergency treatment events
and daily SMBG utilization among survey respondents and a trend toward reduced hypoglycemia fear. This may indicate cost
savings in reduction of emergency medical intervention and likely improved quality of life without increasing safety concerns
related to hypoglycemia.
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Large clinical trials have shown that frequent, consistent use
of continuous glucose monitoring (CGM) can significantly
improve glycemic control in insulin-treated diabetes.'”
However, in many CGM studies, clinical benefit was primar-
ily seen in those patients who regularly wore their devices
for approximately 6 days or more per week.>”

Current evidence suggests that frequency and persistence
of CGM use is strongly associated with users’ perceptions of
the accuracy and reliability of their devices, and that users’
trust in their devices is linked to more aggressive insulin
adjustments, improvements in quality of life and less reliance
on data from self-monitoring of blood glucose (SMBG)."" In a

survey of 877 current CGM users, Polonsky and Hessler
reported that satisfaction with device accuracy was an inde-
pendent predictor of 3 quality-of-life benefits associated with
CGM use: perceived control over diabetes, hypoglycemic
safety, and interpersonal support." Unpublished findings
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from the same data set revealed that satisfaction with accu-
racy was also associated with more frequent CGM use and
with perceiving their device as more helpful in avoiding
hypoglycemia and hyperglycemia, and in achieving better
overall glycemic control."’

Although the current generation of CGM devices is now
even more accurate and reliable than previously, there still
appear to be sizeable differences in accuracy between the cur-
rent manufacturers. In a recent study that evaluated whether
perception of accuracy and patient treatment satisfaction differ
between the Enlite sensor (Medtronic MiniMed, Inc,
Northridge, CA) and Dexcom G4 sensor (Dexcom, San Diego,
CA), the Dexcom G4 sensor was associated with greater accu-
racy (overall and within the hypoglycemic range) than the
Enlite sensor. Patients also reported a significantly more posi-
tive experience using the Dexcom G4 than the Enlite.'

We recently reported findings from a survey we con-
ducted that assessed satisfaction and frequency of using ear-
lier generation CGM among 87 adult respondents with type
1 diabetes." In that survey, 43 participants used the Medtronic
MiniLink Real-Time CGM system and 38 used the Dexcom
Seven Plus system. Survey results showed that 76% of
Dexcom device users reported wearing their devices “almost
daily” compared with 19% of Medtronic device users.
Among the 35 Medtronic device users who indicated less
frequent wear; 28 reported wearing their device less than 1
week per month; device inaccuracy was the most commonly
reported reason.

Differences between commercial CGM devices can influ-
ence user perceptions of accuracy and utility. This can impact
of CGM use on users’ clinical outcomes, and attitudes and
behaviors can be confounded when assessments include
multiple CGM devices. We conducted a survey of adults
with type 1 diabetes to assess the impact of frequent and per-
sistent use of a single CGM system on hypoglycemia fear,
emergency medical treatment, and SMBG frequency.

Research Design and Methods

In this single-center survey, we utilized a 16-item question-
naire (Figure 1) to assess changes in fear of hypoglycemia,
SMBG utilization, and incidence of emergency medical
treatment and fear of hypoglycemia among individuals with
type 1 diabetes who were treated with intensive insulin regi-
mens and had used their current CGM device for at least 1
year. Because differences between the various commercial
CGM devices can impact user perceptions of performance
and usability, we restricted participation in the survey to indi-
viduals who were using the same CGM brand/model
(Dexcom G4 Continuous Glucose Monitoring System,
Dexcom, Inc, San Diego, California) to avoid confounding
responses. The survey was approved by the institutional
review board that governed the medical center.

Participants were recruited on an “as-seen” basis from a
major, urban internal medicine clinic that sees between 700

and 800 patients per year on both an inpatient and outpatient
basis and an associated diabetes education center that sees
between 500 and 600 outpatients per year. The average
HbAlc level among clinic patients was 7.4%.

Once written consent was obtained, the questionnaire was
administered and completed during the clinic visit. Responses
to the survey were collated and analyzed by standard descrip-
tive statistics using Excel (Microsoft Corp, Redmond, WA).

We assessed changes in hypoglycemia fear, daily SMBG
testing frequency and emergency medical treatment, com-
paring the year prior to CGM to | year after CGM use in
respondents who reported “almost daily” wear of their CGM
device. Results are presented as either number or percentage
of patients.

Survey Results

A total of 74 patients were invited to participate in the sur-
vey, which was conducted from June 2014 to March 2015.
All of the patients completed the survey. The average age of
participants was 42.9 years (range: 23-71 years) and 38
(51%) were female. Fifty-nine participants had 10-25+ years
duration of diabetes, and 59 were currently using an insulin
pump. Approximately 76% (n = 56) of participants reported
participating in at least 1 formal training session with a
trainer.

Survey results showed that 84% of respondents reported
wearing their devices “almost daily” (n = 58) or 3 weeks per
month (n = 4) (Table 1). Among frequent users, “improved
glycemic control” and “knowing glucose at all times” were
most commonly reported as primary reasons for frequent
use. Among less frequent CGM users (<3 weeks per month)
the most common reasons reported were “tired of wearing 2
devices” and “sensor did not remain attached.” Seventy
(94.6%) respondents indicated that they would purchase the
Dexcom G4 again.

Change in Hypoglycemia Fear

Among respondents who indicated “almost daily” CGM use,
45 (78%) reported worrying about hypoglycemia “most of
the time” or “frequently” prior to CGM use. After 1 year of
CGM use, no respondents reported worrying about hypogly-
cemia “most of the time” and 1 (2.0%) reported frequent
worry, a 98% decrease in significant hypoglycemia fear
(Figure 2). Although there was an apparent trend toward
reduced hypoglycemia worry, Fisher exact test P value was
not statistically significant (P = .7359).

Change in Emergency Medical Care Frequency

“Almost daily” CGM users reported an 86% reduction in the
number of events requiring emergency medical treatment
after 1 year of CGM use compared to the year prior to CGM
use (P =.0013) (Figure 3).
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Continuous Glucose Monitors
Persistence of Continuous Glucose Monitor Use, Healthcare Resource Utilization and
Quality of Life 1 Year After Purchase in a Community Setting

Which continuous glucose monitoring (CGM) system did you purchase?
__ Medtronic Elite
__ Dexcom G4

Did you use an insulin pump during the first year of using your CGM system?
__Yes
~ No

What is your age?

How many years have you had diabetes?
__0-2years

__3-9years

__10-24 years

__25+years

One year after purchasing your CGM system, would you purchase the same system over again?
Yes
__No

One year after purchasing your CGM system, would you purchase the same system over again?
__Yes
__No

How much training did you receive on using your CGM system effectively?
__None

__Use online resourcesi/tutorials

___Initial session with trainer only

__Initial training and 1-2 follow-up sessions

About how many emergency room or paramedic visits did you have the year BEFORE purchasing
your CGM? (please write number)

About how many emergency room or paramedic visits did you have the year AFTER purchasing your
CGM? (please write number)

. How many times a day did you test your blood glucose BEFORE you started using a CGM system?

(please write number)

. How many times a day did you test your blood glucose AFTER you started using a CGM system?

(please write number)

. How often did you worry about having a severe hypoglycemia when not using CGM?

__ Most of the time
__ Frequently

__ Occasionally
__Rarely

__ Never

. How often did you worry about having a severe hypoglycemia when using CGM?

__ Most of the time
__ Frequently

__ Occasionally
__Rarely
__Never

. Exactly one year after starting your CGM system, how often were you wearing your CGM system?

__ Almost every day (proceed to question 15)

__About 3 weeks of each month (proceed to question 15)
__About 2 weeks of each month (proceed to question 16)
__ 1 week or less of each month (proceed to question 16)

. What was the single biggest reason you continued to use the CGM frequently? (choose only one)

__ I felt it improved my overall glucose control

__ It helped me avoid high glucose levels

__ It helped me avoid low glucose levels

__The directional arrows helped me make better glucose management decisions
__ | felt more safe and confident in taking enough insulin

__ Other

. What was the single biggest reason you continued to use the CGM frequently? (choose only one)

__The cost of wearing CGM continuously was too expensive
__The CGM system did not seem accurate
__I'had too many sensor errors or “bad” sensors
__ | became frustrated with frequent alarms/alerts
__ | was tired of wearing two devices or having both an infusion and insertion site on me (pump users
only).
__The CGM unit stopped working and | chose not to purchase another
___ It took too much time to maintain, monitor and make adjustments for trends
Other

Figure 1. Survey instrument.
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Table I. Frequency and Reasons for Persistent CGM Use.

Frequency of CGM wear (n = 74)

Almost daily 3 weeks/month 2 weeks/month <I week/month

58 (78.3%) 4 (5.4%) 4 (5.4%) 8 (10.8%)
Primary reason for frequent CGM wear (almost daily to 3 weeks/month), n = 62°

Improved glucose Avoid high Avoid low Directional arrows Knowing glucose Felt safer Other®

glucose glucose at all times

21 (36.2%) I (1.7%) 9 (15.5%) 6 (10.3%) 19 (32.8%) I (1.7%) I (1.7%)
Primary reason for less frequent CGM wear (<3 weeks/month), n = 16

Cost Perceived Frequent Tired of wearing 2 Sensor errors Other®

inaccuracy alarms devices
I (6.3%) I (6.3%) 1 (6.3%) 2 (12.5%) I (6.2%) 10 (62.5%)

®| reported “provider wanted me to wear it.”

®3 reported that “sensors did not stay attached at site”; | reported “order issues”; | reported “not wanting to wear sensor all the time”; however, 2
reported “feeling safer”; 2 reported “improved control”; | reported “directional arrows were valuable.”

50

O During Year Prior to CGM Use
B After 1 Year of CGM Use 40
(69.0%)

40

(n)

a 30 25
5 (43.1%)
g 20
g, | (34.5%)
jo)
o 13
10 (22.4%)
. (17.2%)
3
0 1 (5.2%) 0
(0.0%) (1.7%) (0.0%)

Most of the Time  Frequently Occasionally Rarely Never

Figure 2. Hypoglycemia fear in year prior to CGM use
compared with | year after CMG use (n = 58). Overall changes
were apparent but not statistically significant (P = .7359).

Change in SMBG Frequency

“Almost daily” CGM users reported a significant reduction
in daily frequency of SMBG after 1 year of CGM use com-
pared with the prior year of no CGM use (Figure 4).

Discussion

Our survey showed that the vast majority of respondents per-
sistently used their CGM devices at frequencies associated
with significant glycemic improvements in large clinical tri-
als.”™ After 1 year of CGM use, high-frequency users
reported notable reductions in SMBG utilization, incidence
of emergency medical treatment/hospitalizations, and hypo-
glycemia fear.

Although CGM is indicated as an adjunctive monitoring
method to SMBG, our findings were not unexpected. In a
recent survey of 222 individuals with type 1 diabetes, most
respondents indicated that their dosage decisions were based
on the “rate-of-change” (ROC) arrows on their CGM device;
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B After 1 Year of CGM Use
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Figure 3. Paired t test for mean number of emergency visits
per respondent before and after CGM (n = 58). The mean (SD)
number of emergency treatment events per respondent was
significantly reduced after | year of CGM use compared with no
CGM in prior year among all respondents.

only 11% of respondents stated they did not use the ROC
arrows to adjust their dose.'* This suggests that respondents
had become less reliant on SMBG for dosage calculations.
Interestingly, respondents also reported making significantly
larger adjustments to their insulin dose than they would using
SMBG alone, and that many lowered their glycemic goals,'*
which suggests that CGM use may have reduced their fear of
hypoglycemia.
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Figure 4. Paired t test for the mean daily SMBG frequency
before and after CGM (n = 58).

Fear of hypoglycemia is widely recognized as a major
barrier to achieving and sustaining optimal glycemic control."
This fear is often exacerbated by the development of hypogly-
cemic unawareness in many well-controlled patients,'® and it
is strongly associated with poor adherence to prescribed insu-
lin regimens.'” A recent retrospective analysis found that in
patients with optimized therapy, CGM use was significantly
associated with improvements in HbA I¢ and reduced rates of
severe hypoglycemia but did not restore hypoglycemia
awareness.® Although the investigators did not assess hypo-
glycemia fear among the study population, the reductions
seen in HbAlc suggest that CGM use supported treatment
adherence.

A significant limitation of our survey was the use of self-
reported data, which may not accurately reflect participants’
actual SMBG utilization or history incidence of emergency
medical treatment. Lack of objective measurements of clini-
cal and financial outcomes (eg, change in HbAlc, insurance
data regarding emergency room visits, SMBG data) further
limit the interpretation of our findings. Another limitation
was the small sample size; a larger number of participants
would likely have increased the generalizability of our find-
ings, particularly if we had found a larger number less fre-
quent CGM users.

Nevertheless, our findings of decreased events requiring
emergency medical treatment and decreased SMBG utiliza-
tion provide additional evidence for the benefits of frequent
and persistent CGM use in individuals treated with intensive

insulin regimens. Although not statistically significant, the
apparent trend toward reduced hypoglycemia fear also sug-
gests a quality of life benefit.

However, because of the demonstrated differences
between commercially available CGM devices that can
influence user frequency and persistence of use, it is impor-
tant that clinicians become familiar with the strengths and
weaknesses of each of the CGM systems they recommend to
their patients. Larger studies are needed.

Abbreviations

CGM, continuous glucose monitoring; ROC, rate of change;
SMBG, self-monitoring of blood glucose.
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