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Abstract

Background:

In Sweden, patients with diabetes mellitus frequently receive short-term (<3 months) continuous glucose
monitoring (CGM) to study glucose patterns or long-term CGM to treat poor glycemic control or severe
hypoglycemia. The effects of CGM on glycemic control in clinical practice in relation to indication and duration
of use has not been completely studied.

Methods:

Patients with diabetes, among which 99% were diagnosed as type 1, receiving CGM at 10 outpatient clinics
in Sweden were studied retrospectively. Long-term use of CGM was defined as =3 months use of CGM and
short-term as <3 months. A control group matched on start date and date of latest value 3 months after the
start was selected for both long- and short-term groups.

Results:

In 34 long-term users of CGM, over a mean follow-up of 1.1 years, the adjusted mean difference of hemoglobin
Alc (HbAlc) compared with controls (n = 408) was -0.76 (95% confidence interval -1.17; -0.33, p < .001).
Long-term users with indications for high HbAlc (1 = 15) had a reduction of 1.2% in HbAlc from 10.1 to
89% (p = .003), whereas patients with hypoglycemia as their indication (z = 16) decreased by 0.3% (p = .17).
Nonsevere hypoglycemic events decreased in long-term users within the same follow-up period (p = .004).
Short-term users showed no statistically significant improvement in HbAlc compared with controls at 1.1 years
(n = 41), p = .85 or at 2.6 years (n = 43), p = .19.

Conclusion:

Long-term CGM use was associated with improved glycemic control in clinical practice and a reduction in
nonsevere hypoglycemic events, whereas short-term use had no effect on HbAlc. The effect on glycemic control
varied by indication.
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Introduction

Optimal glycemic control is associated with fewer
disease-related complications in patients with diabetes
mellitus.’? In both clinical practice and research,
hemoglobin Alc (HbAlc), a measure of average blood
glucose during the previous 2-3 months, is generally used
to assess glycemic control.® Patients with type 1 diabetes
mellitus (T1IDM) are generally treated with multiple daily
injections (MDI) of insulin or insulin pump therapy, the
latter of which is associated with a 0.3 percentage unit
greater reduction in HbAlc compared with MDIL4®
Despite intensive treatment, the majority of TIDM patients
do not reach a goal of HbAlc < 7%,° potentially because
of concern over risk of hypoglycemia associated with
intensive treatment.!

Continuous glucose monitoring (CGM) is a relatively new
therapy in TIDM patients.” In TIDM patients not achieving
target HbAlc, Bergenstal and colleagues® demonstrated
that CGM combined with insulin pump therapy (sensor-
augmented insulin pump therapy) reduced HbAlc
by 0.6 percentage units without an increased risk of
hypoglycemia. In Sweden, where the present study was
carried out, long-term use of CGM is reimbursed in
combination with Medtronic pump use if two or more
severe hypoglycemic events have appeared in 1 year
or if glycemic control is very poor (HbAlc > 9.8%)’
In children, sensors are also reimbursed if 10 or more
blood glucose tests per day are medically indicated.
Short-term use of CGM, generally <3 months, is sometimes
used (depending on the clinics’ budgets) for studying
trends of glycemic control.

To understand the effect of CGM on HbAIc in clinical
practice, we studied two groups of patients: (1) using CGM
for less than 3 months and (2) using CGM for 3 months
or more.

Methods

Diab-Base (Journalia, Kungilv, Sweden), a patient-centered
medical record system, was used for continuous evaluation
of CGM.I’!! The interface includes coded phrases, dates,
and laboratory data. For communication, the chosen
input is integrated with free text and exported to the
record as well as to informative letters to the patient.
Diab-Base is used daily by physicians and nurses at 10
outpatient clinics in Sweden. Among other data, risk
factors, therapies, and complications are tracked in the
system. Since CGM is relatively new to clinical practice,

the CGM data collection module was only recently
implemented. Module validation with manual data collection
was performed at Sahlgrenska University Hospital,
Gothenburg, Sweden, before extending it to other clinics.
Thus, the majority of patients in the present study were
treated at the outpatient clinic at this center.

Adult men and nonpregnant women with TIDM and
an HbAlc value =1 at both start and during use (after
at least 3 months) of CGM therapy were included.
Patients without an HbAlc value =1 at initial CGM use
were excluded. Patients were divided into two groups
based on duration of CGM use: (1) short-term: <3 months
and (2) long-term: >3 months. The last measured HbAlc
value during CGM therapy was used as the outcome
variable of interest for long-term users. For short-term
users, the last available HbAlc value >3 months after
start of CGM and before any long-term CGM was
the selected outcome variable. The date for a possible
second short-term CGM was not used as a restriction for
follow-up time in the short-term CGM group. Patients
having used both short-term (as first therapy) and
long-term CGM therapy were included in both study
groups. Other variables recorded were age, sex, type
of diabetes (1 or 2), diabetes therapy, body mass index,
diabetes duration, insulin dose, and indication for CGM.
Indications in the Diab-Base CGM module consisted of
serious hypoglycemia, high HbAlc, and problematic
fluctuations in glucose levels. Effects on HbAlc were
also studied with respect to indication. Hypoglycemic
events were self-rated by the patients in a protocol in
which they classified their experience of nonsevere
hypoglycemic events during the last month (recorded as
0 to <5, 5 to <10, 10 to <15, and =15 events) and number
of severe hypoglycemic events during the last year.
The hypoglycemia value closest in time to the follow-up
HbAIlc value was analyzed.

All hospitals in Sweden are associated with a quality
assessment organization that regularly validates HbAlc
laboratory methods. Since diabetes clinics in Sweden
used HbAlc methods calibrated to the high-performance
liquid chromatography Mono-S method until September
2010, all HbAlc values have been converted to National
Glycohemoglobin Standardization Program (NGSP) levels
(Diabetes Control and Complications Trial standard).!?
This study was approved by the Ethics Committee of
Gothenburg University, Gothenburg, Sweden.
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Statistical Analysis

Continuous variables are described as mean + standard
deviation (SD) or median (range) and categorical variables
as numbers (%). Changes in HbAlc and number of non-
severe hypoglycemia episodes over time were analyzed
with the Wilcoxon signed-rank test within the long- and
short-term CGM groups. For intergroup comparisons,
Fisher’s exact test was used for dichotomous variables
and Mann-Whitney U-test for continuous variables.

The control groups were composed of TIDM patients
who were not using CGM. They were selected matching
the highest possible number of unique control patients
to each patient from the long- and short-term CGM groups
separately with respect to the CGM start date and the date
for the last HbAlc value after 3 months. To obtain the
highest possible number of control patients, t-statistics
and the p value from the t-test were used to test the
differences between groups with respect to the two dates.
The time interval allowed around the calendar dates was
+182 days. The highest possible number was 12 for each
long-term CGM patient and 28 for each short-term CGM
patient. The mean difference between the long-term
patients and their corresponding controls with respect
to the two dates was approximately 1 month and was
not statistically significant (p = .69 for difference in
start date, p = .57 for difference in latest HbAlc date
after 3 months). For short-term patients versus controls,
mean difference in days was not greater than 2 weeks
and not statistically significant (p = 97 for difference
in start date, p = .88 for difference in latest HbAlc date
after 3 months). When comparing the change in HbAlc
from start to last value after 3 months between patients
vs controls, an adjusted analysis was performed using
analysis of covariance. Adjustments were done for those
variables that significantly differed (p < .05) between the
two groups at baseline. Boxplots were used to graphically
present changes in HbAlc. All tests were two-tailed and
conducted at the .05 significance level.

Results

Baseline Characteristics

Baseline characteristics and indications by duration of CGM
use are given in Table 1. There were 34 long-term and 43
short-term CGM users included. Mean time of CGM
usage was 1.1 years for long-term users and 33 days for
short-term users. At baseline, mean HbAlc in long-term
users was 8.8% and 84% in short-term users. All study
subjects had TIDM except for one short-term user. The
majority of patients (long-term: n = 30, 91%; short-term:
n = 30, 71%) were treated with an insulin pump, with

the remainder treated with MDI. In long-term users,
most patients reported many nonsevere hypoglycemic
events (>15 last month) or a few nonsevere hypoglycemic
events (<5 last month). Short-term users mainly reported
<5 or 10-15 nonsevere hypoglycemic events during the
corresponding period. The indication for CGM use was
high HbAlc or hypoglycemia in all but 3 long-term
patients, whereas in short-term users, problems with
fluctuating blood glucose were also a common indication.

Effect of CGM Use on HbA1c

Figures 1 and 2 display the changes in HbAlc for long-
term, short-term, and control patients.

Over a mean follow-up of 11 vyears, there was a
statistically significant 0.70% reduction in HbAlc in long-
term CGM users (p < .001). Insulin regimen and insulin
dose differed at baseline between long-term users and
the control group. After adjustments for these variables,
the significant effect remained [adjusted mean difference
of HbAlc: -0.76 (95% CI: -1.17; -0.33, p < .001)]. When
analyzing the 26 long-term users without any preceding
short-term CGM use, the effect was slightly greater
(reduction of 0.8 + 1.1%, p = .001).

Over a mean follow-up of 2.6 years, short-term use
(n = 43) showed no statistically significant effect on
HbAlc (-0.20%, p = .11). Sex, HbAlc, insulin regimen,
and insulin dose differed at baseline between the short-
term users and the control group. After adjustments
for these variables, there was not a significant effect
on HbAlc [adjusted mean difference HbAlc: -0.22
(95% CI: -0.545; 0.101, p = .19)]. When studying the effect
of short-term use at the same period of follow-up as
long-term (by analyzing the latest HbAlc value between
3 months and 1.5 years), there were 41 patients having
valid data of HbAlc. The decrease in HbAlc was not
statistically significant at this point in time [-0.13% + 0.77%
(p = .056)]. Sex, HbAlc, insulin regimen, and insulin
dose differed between patients and controls at baseline.
After adjustments for these variables, there was no
significant effect on the change in HbAlc to 1.1 years
when comparing short-term CGM patients with controls
[adjusted mean difference HbAlc: 0.028 (95% CI. -0.27
0.33, p = .85)].

When studying the effects on HbAlc by groups divided
by indication, long-term users with the indication of high
HbA1lc showed a 1.2 + 1.1% reduction from 10.1 + 1.6%
to 89 + 2.0% (p = .003). Long-term users with indications
for serious hypoglycemic episodes had reductions in
HbAlc of 0.3% from 7.7 £ 1.3% to 74 £ 1.0% (p = .17).
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Table 1.

Baseline Characteristics of Short-Term CGM Patients, Long-Term CGM Patients, and Control Groups.

Two Different Control Groups Were Used to Match the Two Different Groups at Each Point of Time

Long-term use CGM

Controls (long-term)

Short-term use CGM

Variable®? Controls (short-term)
el (=3 months) (n = 34) (n = 408) (<3 months) (n = 43) (n = 1204)
44.0 (10.2) 44.6 (16.2) 42.7 (10.4) 44.2 (15.5)
Age (years) at CGM start 42.4 (22.8; 66.2) 44.4 (17.5; 85.6) 41.6 (20.6; 66.0) 43.5 (16.9; 86.8)
n =34 n = 408 n =43 n = 1204

Gender
Male 19 (55.9%) 194 (47.5%) 15 (34.9%) 631 (52.4%)
Female 15 (44.1%) 214 (52.5%) 28 (65.1%) 573 (47.6%)
76.4 (16.0) 74.2 (14.5) 74.5 (12.2) 74.0 (14.0)
Weight (kg) at CGM start 73.9 (55.0; 115.0) 71.8 (44.9; 142.0) 73.5 (56.0; 106.0) 72.0 (42.7; 136.0)
n =30 n = 398 n =37 n = 1124
24.7 (4.3) 24.6 (3.9) 25.4 (4.0) 24.5 (3.7)
Body mass index at CGM start 24.0 (19.3; 36.1) 23.8 (16.6; 40.2) 25.1 (18.6; 35.9) 23.9 (14.8; 42.5)
n =23 n =375 n =234 n = 1048
26.4 (13.2) 25.8 (16.2) 26.8 (10.6) 23.9 (15.3)
Diabetes duration (years) 26.6 (0.9; 53.5) 24.4 (0.0; 105.0) 27.0 (9.2; 48.0) 22.7 (0.0; 102.9)
n =233 n = 388 n =41 n = 1165

Diabetes type

Type 1

34 (100.0%)

408 (100.0%)

42 (97.7%)

1204 (100.0%)

Type 2

0

1 (2.3%)

Insulin dose, units/kg at CGM start

0.527 (0.183)
0.494 (0.265; 1.096)
n =29

0.584 (0.203)
0.561 (0.000; 1.583)
n = 395

0.473 (0.192)
0.470 (0.226; 1.149)
n = 36

0.577 (0.218)
0.557 (0.000; 2.205)
n = 1109

Insulin type at CGM start

Pump 30 (90.9%) 68 (16.9%) 30 (71.4%) 162 (13.9%)

Injection 3 (9.1%) 335 (83.1%) 12 (28.6%) 1004 (86.1%)

Missing 1 5 1 38

Indication

Serious hypoglycemia® 16 (47.1%) 14 (32.6%)

High blood sugar 15 (44.1%) 9 (20.9%)

Fluctuating blood sugar 3 (8.8%) 18 (41.9%)

Other 0 2 (4.7%)

406.2 (376.4) 33.2 (21.6)
CGM duration (days) 231.0 (91.0; 1424.0) 28.0 (4.0; 83.0)
n =34 n =43
8.79 (1.85) 8.19 (1.35) 8.43 (1.27) 7.88 (1.36)
HbAl1c (%, NGSP) at CGM start 8.50 (6.06; 13.23) 7.97 (5.20; 14.57) 8.26 (5.29; 12.08) 7.68 (4.72; 14.57)
n =234 n = 408 n=43 n = 1204

Hypoglycemia® events at CGM start

0 to <5 8 (30.8%) 12 (29.3%)

5 to <10 6 (23.1%) 8 (19.5%)

10 to <15 5 (19.2%) 15 (36.6%)

>15 7 (26.9%) 6 (14.6%)

Missing 8 2

after CGM.

@ For categorical variables, n (%) is presented.
b For continuous variables, mean (SD) / median / (minimum; maximum) / n are presented.
¢ Strict definition for hypoglycemia: All patients that have follow-up hypoglycemia within 6 months around the latest HbAlc value 3 months
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Figure 1. HbAlc at baseline and follow-up for short-term CGM users, long-term CGM users, and controls at 1.1 years. The dot represents mean
value; horizontal line, median. The top portion of the box represents the 75th percentile; lower postion, 25th percentile. The upper whisker
represents the 90th percentile; lower whisker, 10th percentile.
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Figure 2. HbAlc at baseline and follow-up for short-term CGM users and controls at 2.6 years. The dot represents mean value; horizontal line,
median. The top portion of the box represents the 75th percentile; lower postion, 25th percentile. The upper whisker represents the 90th percentile;
lower whisker, 10th percentile.
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Hypoglycemic Events

Information on nonsevere hypoglycemic events was
available for 26 (76%) long-term users and 41 (95%) short-
term users. Detailed descriptive data on nonsevere hypo-
glycemia and follow-up duration for the two groups
are given in Table 2. In long-term users, the number
of hypoglycemic events decreased for at least one five-
step scale in 50% of patients; 38% remained within the
same scale and 12% had an increase by one five-step
scale. This change from start to follow-up value during
long-term CGM use was statistically significant (p = .004).
The short-term use of CGM did not show the same effect
on decreasing nonsevere hypoglycemic events—22%
decreased for at least one five-step scale, 51% remained
in the same scale, and 27% had an increase of at least
one five-step scale (p = 91).

In long-term users with an indication for serious hypo-
glycemia (n = 14), 6 patients (43%) had a decrease in the

Table 2.

number of nonsevere hypoglycemic events by two five-
step scales. Two patients (14%) had a decrease by one
five-step scale, 5 patients (36%) remained within the
same scale, and 1 patient (7%) had an increase by one
five-step scale (p = .0156). No statistically significant
changes in the number of nonsevere hypoglycemic
events were evident for short-term users with serious
hypoglycemia as an indication, nor for any of the groups
with high HbAlc as an indication.

Discussion

In this cohort of patients with diabetes (99% with T1IDM),
we demonstrated a statistically significant improvement
in HbAlc in patients using CGM long term. In contrast,
patients using CGM short term (<3 months) showed no
statistically significant reduction in HbAlc. The effect
of long-term CGM use on glycemic control was greater
in patients with a primary indication to lower HbAlc

Effects of Long- and Short-Term Use of CGM on Nonsevere Hypoglycemia

Long-term CGM users Short-term CGM users
(=8 months) (<8 months)
(n = 34) (n = 43)
Hypoglycemia at FellELp Hypoglycemia at Feli-ur
CGM start e R CGM start WRed e
value value
Hypoglycemia at CGM start
0to <5 8 (30.8%) 11 (42.3%) 12 (29.3%) 12 (29.3%)
5 to <10 6 (23.1%) 12 (46.2%) 8 (19.5%) 10 (24.4%)
10 to <15 5 (19.2%) 1 (3.8%) 15 (36.6%) 11 (26.8%)
>15 7 (26.9%) 2 (7.7%) 6 (14.6%) 8 (19.5%)
Missing 8 8 2 2
Change in hypoglycemia from CGM start to follow-up
value??
Reduction in hypoglycemia (2 x 5-step scale) 7 (26.9%) 5 (12.2%)
Reduction in hypoglycemia (1 x 5-step scale) 6 (23.1%) 4 (9.8%)
Hypoglycemia cases within the same 5-step scale 10 (38.5%) 21 (51.2%)
Increase in hypoglycemia (1 x 5-step scale) 3 (11.5%) 8 (19.5%)
Increase in hypoglycemia (2 x 5-step scale) 3 (7.3%)
Missing 8 2
434.0 (449.0) 1056 (431)
Number of days between CGM start and hypoglycemia 199.5 1022
follow-up date® (6.0; 1501.0) (356; 1748)
n =26 n=4
@ Wilcoxon signed-rank test for change from CGM start to follow-up hypoglycemia value: long-term CGM: p = .0042
b \wilcoxon signed-rank test for change from CGM start to follow-up hypoglycemia value: short-term CGM: p = .9142
¢ For continuous variables, mean (SD) / median / (minimum; maximum) / n are presented.
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than those receiving CGM to prevent hypoglycemia. In
a subgroup of patients with valid data on nonsevere
hypoglycemia, a preventive effect was also shown by
long-term CGM therapy and was greater in patients with
indications for serious hypoglycemia.

The magnitude of effect found on HbAlc by long-term
use of CGM is of interest. Patients receiving CGM had a
0.8% reduction in HbAlc. In TIDM patients, reductions
at this level are greater than those generally seen with
use of other novel therapies such as insulin analogs
and insulin pump therapy.*5!'13-15 Reductions of this
magnitude are also associated with large reductions
in risk for diabetes complications.!®!” In a large clinical
trial of sensor-augmented insulin pump therapy, HbAlc
was reduced by 0.6% compared with a control group
receiving MDI® Because therapy between groups in that
study differed by both insulin pump and CGM, it is
difficult to determine how much of the difference was
attributable to CGM therapy per se. In another study of
patients in everyday clinical practice!® the addition of
CGM showed a reduction of 04% in HbAlc and was
also associated with a statistically significant decrease in
severe hypoglycemia.

In Sweden, it is common for patients to receive CGM
for approximately 2-8 weeks from a pedagogic point of
view to study glucose patterns at different activities in
an attempt to improve HbAlc or hypoglycemia after the
treatment period. The finding that there was no effect
on glycemic control in short-term users indicates that a
greater focus on long-term use of CGM may be relevant.
The likely reason for the greater effect on HbAlc by
long-term use of CGM is continuous feedback of glucose
levels, which are disrupted for short-term users. Further,
it is noteworthy that the long-term CGM users were
treated for a mean follow-up period of 1.1 years; the
beneficial effects on HbAlc need to be confirmed for a
longer time perspective.

One limitation of this study is the relatively small
sample size. Another is that valid data on hypoglycemia
were not present in all participants and that we did
not evaluate the effect on severe hypoglycemic events,
since the number of events during the last year was
recorded and several participants had not enough follow-
up time. Furthermore, the number of nonsevere hypo
glycemic events were self-rated by the patients in a
questionnaire at clinical visits and not objectively verified
by physicians or diabetes educators. It should also be
noted that patients selected for long-term use of CGM
might be more suitable or interested in the therapy,

thus our results may not be generalizable to all patients
with impaired glycemic control. However, this study
illustrates that CGM 1is an efficient practical therapy
at least in certain subgroups of patients with impaired
glycemic control, which is important because these
patients are generally difficult to treat. It should be noted
that 30 of the 34 patients with long-term use of CGM
were on insulin pump therapy, potentially because of
the criteria for reimbursement in Sweden. When it comes
to short-term use of CGM, a minor effect on HbAlc
cannot be excluded but a larger sample size is needed
to confirm this hypothesis. Finally, it should be noted
that a strength of the present study is the large control
group, which is commonly absent in studies of clinical
practice patterns.”

In conclusion, this study shows that CGM therapy is
associated with improvements in HbAlc in patients
with TIDM and impaired glycemic control, which may
potentially lower risk of diabetes complications. Long-
term use of CGM also probably reduces nonsevere
hypoglycemic events but effects on severe hypoglycemic
events remain to be studied. The effect on glycemic
control and hypoglycemic events seems to vary
substantially depending on the indication of CGM.
Short-term use of CGM in clinical practice may be of
interest from a pedagogic perspective but shows no
large long-term beneficial effect on glycemic control or
nonsevere hypoglycemic events. Continuous glucose
monitoring should be considered as a treatment option
for patients with poor glycemic control and continuously
monitored to see if there is a beneficial effect on HbAlc
or hypoglycemia but discontinued if no effects are
demonstrated.
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