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Abstract

Background: The Swedish National Diabetes Register (NDR) initiated registration of the FreeStyle Libre® system and
other continuous glucose monitoring (CGM) systems in June 2016. We investigated change in HbA | ¢ for people with type
2 diabetes (T2DM) using FreeStyle Libre in Sweden.

Methods: We included adults with T2DM, registered in the NDR after January I, 2014, and an index date for first use of
FreeStyle Libre of June 2016 or later. Methodology was a before/after comparison of HbA | c within 6 months before the
index date versus HbAlc around 6 and 12 months after the index date.

Results: 71 | adults with T2DM using FreeStyle Libre had HbA | ¢ measurements within the study period. Mean HbA | c was
significantly reduced at 6 months (—0.50%-unit) and at 12 months (—0.52%-unit) in this group. Degree of change was
negatively correlated to baseline HbAlc. Reductions in HbAlc were observed in incident users of FreeStyle Libre with
T2DM who were truly naive to CGM or had unknown prior experience of CGM, and aged 25-74 years.
Conclusions: This real-world study on the Swedish NDR shows that people with T2DM using FreeStyle Libre system for 6

and 12 months significantly reduced their HbAlc.
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Introduction

In Sweden, approximately 5.5% of the population have
diabetes,' the majority of whom have type 2 diabetes (T2DM).
The Swedish National Diabetes Register (NDR) was founded
in 1996 and is an integral part of diabetes care in Sweden,
covering both primary and secondary care. The NDR aims to
monitor and help improve diabetes care, reducing diabetes-
related morbidity and enabling comparisons between a
number of important clinical outcome measures. Nationwide
registration of people with diabetes in Sweden is encouraged
at least once a year. By January 2019, the register covered
435,093 adults recorded as having diabetes during the pre-
ceding 12 months, The NDR includes approximately 90% of
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all patients aged >18 years diagnosed with T2DM in Sweden.
Healthcare providers report continuously directly to the NDR
or via electronic patient records from routine clinical practice.’

In June 2016, the NDR initiated documentation of the
usage of sensor-based continuous glucose monitoring (CGM)
including flash glucose monitoring with the FreeStyle
Libre® system (Abbott Diabetes Care, Witney, Oxon, UK)
amongst adults with diabetes and thus created the oppor-
tunity to systematically investigate the impact of the
FreeStyle Libre system in Sweden. Since 2018, the
Swedish National Board of Health and Welfare has rec-
ommended sensor-based glucose monitoring for people
with type 1 diabetes (T1DM), and also for people with
T2DM who are treated with multiple daily insulin in-
jections and have problems with recurrent hypoglycemia
or hyperglycemia.*

Landmark studies have proven that good glucose control,
as measured by reduced glycated hemoglobin Alc (HbAlc),
is strongly associated with lowered risk of diabetes com-
plications for adults with T2DM. The UK Prospective Di-
abetes Study™ demonstrated that a lowering of HbAlc is
associated with clinically significant reductions in micro-
vascular complications and long-term macrovascular dis-
ease. Randomized clinical trials (RCTs) indicate that, in
comparison to self-monitored blood glucose (SMBG) test-
ing, real-time CGM systems can reduce HbAlc in people
with T2DM on insulin therapy.® In studies using the FreeStyle
Libre system to date, the REPLACE’ RCT, showed no change
in HbAlc over / 26 weeks comparing the FreeStyle Libre
system with SMBG in the total study population, whereas one
other RCT® and several real-world observational studies” "
have shown significant reductions in HbA 1¢ amongst adults
with T2DM on insulin or non-insulin therapy using the
FreeStyle Libre system.

The aims of this study were: (a) to assess the data
collected within the NDR, regarding both the incident and
prevalent users of the FreeStyle Libre system amongst in-
dividuals with T2DM in Sweden since mid-2016, stratified
by type of diabetes treatment and (b) to analyze changes in
recorded HbA . levels in people with T2DM, before and
after initiating the FreeStyle Libre system, including sub-
group analyses according to prior metabolic control and age.

Methods

This retrospective cohort study used data extracted from
the NDR covering the period from 1st January 2014 to the
25th June 2019. The study included adults (>18 years old)
with T2DM with a diabetes clinic visit recorded in the NDR
after 1st January 2014 and recorded use of the FreeStyle
Libre system with an index date of June 2016 or later. The
Index date is the date of the first registration where the
FreeStyle Libre system use is recorded in the NDR for a
person with T2DM. There were no specific exclusion criteria.

The T2DM diagnosis was based on clinician’s diagnosis in
primary or hospital-based diabetes out-patient clinics.

Data completeness

In this study, we have focused on understanding the as-
sociation between new incident users of the FreeStyle Libre
system and two distinct variables within the NDR. These
are HbA I ¢ values and prior use of CGM. Data were collected
in line with international consensus standards on HbAlc
reporting in mmol/mol and converted into % units according
to the IFCC reference system for national standardization.'*"
As with all registries, missing values in each of these cat-
egories will occur if the information is unknown, or if the
assessment was not conducted or recorded by the responsible
healthcare professional. Within the NDR cohort of interest,
the relevant data completeness is provided in Supplementary
Figure S1.

Incident use of the FreeStyle Libre system in
individuals with type 2 diabetes

All individuals with T2DM and an NDR index date for first
use of the FreeStyle Libre system from June 2016 to June
2019 were identified within each calendar year. These new
incident users were then categorized based on their known
or possible use of CGM (other than FreeStyle Libre) prior
to their FreeStyle Libre index date. These categories were:
(a) truly naive, with confirmed absence of use of CGM
prior to the index date; (b) new incident users with unknown
prior status; and (c) new incident users with documented use
of CGM prior to the index date. Because of the diagnosis of
T2DM, the expectation is that new incident users with
unknown prior status (group b) are most likely new incident
users. The identification and selection process for new in-
cident users is described in the Supplementary data in
Supplementary Figure S2.

FreeStyle Libre users were considered to be new inci-
dent users only for the first 12 months after their initial
index date. Thereafter, they were deemed as prevalent users
and not included in further analysis. This study is focused
on new incident users of the FreeStyle Libre system within
the 12 months following their index date. Individuals were
deemed to be naive to use of a CGM device if they were
recorded on the registry as not exposed to CGM prior to
their first registration with the FreeStyle Libre system in the
NDR. Individuals were deemed to have prior use of CGM
if the relevant variable within the NDR regarding CGM
experience was selected. All other new incident users were
classified as prior use unknown (Supplementary Figure S2).
In total, there were 3202 new incident users of FreeStyle
Libre with T2DM. Based on the identification and selection
criteria, the number of incident new users and prevalent
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users for FreeStyle Libre with T2DM during the study
period is summarized in Table 1.

Assessing change in HbA | c amongst incident
FreeStyle Libre users with T2DM

HbAIc is arecorded variable for people with diabetes in the
NDR and in T2DM is typically measured once a year but
sometimes more often, We compared the latest laboratory
measured HbA 1¢ value within 6 months prior to index date
per person with T2DM versus the HbAlc value recorded
between day 91-day 272 after the index date that was
closest to the 6-month timepoint (day 181.5) and also be-
tween day 272—day 455 after the index date that was closest
to the 12 month timepoint (day 363.5). HbA 1¢ measurements
were available within the defined before and after periods for
a subset of the total study population who were incident
FreeStyle Libre users. Based on these criteria, change in
HbA 1c was evaluated for all new incident users with T2DM
based on: baseline HbA 1c¢ prior to the index date, and age of
the subjects. Data for change in HbAlc are presented as
absolute mean change in % HbAlc units from baseline at
6 months, not % change as a proportion of baseline.

Ethical approval

The study protocol has been approved by the Swedish
Ethical Review Authority, Dnr 2019-03089

Results

For this study, 3202 adults with T2DM had at least one reg-
istration of FreeStyle Libre use (Table 1). The cohort charac-
teristics for T2DM of new incident users of the FreeStyle Libre
system are presented in Table 2. In this group, 79% were
treaded with insulin and 18% on other glucose lowering
medication. HbA 1¢ measurements were available for a subset
(n = 711) of the total population of these incident FreeStyle
Libre users with T2DM (Table 3). Separate HbA1c measure-
ments were available for confirmed insulin treated (7 = 655) and
non-insulin treated (» = 35) new incident users (Table 3),
medication status was unavailable for the remainder (n = 21).
The majority of study subjects were diagnosed with T2DM
before or during 2013 (data not shown). Data completeness for
the variables under consideration (Supplementary Figure S1).

Incident use of the FreeStyle Libre system in people
with T2DM

In T2DM, there were 827 (26%) truly naive adults Free-
Style Libre users (Table 1) as defined by the selection
process in Supplementary Figure S2. The most common
profile for individuals with T2DM and an index date in the

NDR was as new to FreeStyle Libre but with unknown
prior status (n = 2243, 72%). As indicated previously, most
of the users in this group are likely to be naive to CGM
prior to FreeStyle Libre. The number of adult users with
T2DM who were new to FreeStyle Libre but with prior
experience of CGM was 60 (2%).

Incident users with T2DM and HbA | c
measurements within the defined evaluation period

Based on the definitions above, we identified 711 (22%)
incident users with T2DM who had HbA1c measurements
registered in NDR that aligned with the 6-months post-
index timepoint and 538 (17%) with HbA1lc readings at the
12-month timepoint (Table 3). These incident users were
the subject of subsequent evaluation of change in HbAlc
following first registration of the FreeStyle Libre system in
the NDR. Change in HbAlc based on prior metabolic
control and age group categorization focused on incident
users with T2DM with either confirmed use of insulin
therapy (n = 655) or confirmed non-insulin therapy (n = 35)
(Table 3).

Change in HbA [ c in T2DM after first registration of
the FreeStyle Libre system in the Swedish National
Diabetes Register

Figure 1 shows incident users with T2DM with a recorded
HbAlc before and after the index date and a significant
reduction of —0.50% HbA1c units at 6 months (n = 711)
and —0.52%-unit at 12 months (n = 538) following their
first registration of the FreeStyle System in the NDR (p <
0.0001 in each case; Figure 1). The decrease was similar for
truly naive users, with reductions at 6 months of —0.67%-
unit and —0.66%-unit at 12 months (p < 0.0001 in each
case). Users with unknown prior use of CGM also expe-
rienced a decrease in HbAlc at 6 months (—0.43%-unit;
»<0.001) and at 12 months (—0.49%-unit: p <0.0001). In
the small group of T2DM users with documented prior use
of CGM, there were no significant changes in HbAlc from
baseline either at 6 or 12 months.

Change in HbA | c at 6 months stratified by baseline
HbAIc

Reductions in HbAlc for people with T2DM on insulin
therapy were greater as baseline HbAlc increased (Table
4), with a decrease of —3.6%-unit (95% CI —4.6, —2.7) for
all incident users with HbAlc >12.0%. No significant
change in HbAlc was observed for users with baseline
HbA1c <8.0% (Table 4). Insulin users with HbAlc >12.0%
had the greatest reduction amongst people with T2DM
with unknown prior experience of CGM (—4.2%-unit,
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Table I. Numbers of new incident and prevalent users of FreeStyle Libre with T2DM categorized by prior use of continuous glucose

monitoring.

Type of new incident FreeStyle libre user® 2016 2017 2018 2019 Total
Type 2 diabetes

Truly naive 20 164 320 323 827
New with unknown prior status 387 471 291 1166 2315
New with prior use of CGM NA 16 28 16 60
Prevalent user, with index date in previous years® NA 354 808 1246 NA
Total 3202

Abbreviations: T2DM, Type 2 diabetes mellitus; CGM: continuous glucose monitoring.

?Data from calendar years 2016 and 2019 do not represent whole calendar years, as the date of first inclusion for FreeStyle Libre in the NDR was June 2016
and the reporting cut-off date for this study was June 2019. Thus, the data covers 3 years, with two full calendar years and two half years.
®Prevalent users are the cumulative number of users with an index date in the previous calendar year and do not indicate new users.

Table 2. Number of new incident users of the FreeStyle Libre system with type 2 diabetes identified in the Swedish National Diabetes

Register between June 2016 and June 2019.

Number of new incident users with T2DM identified” 3202

Glucose lowering medication registered in the NDR

Insulin 2523 (78.8)
Injection 1853 (73.4)
Pump 69 (2.7)
Route of administration unknown 601 (23.8)

Other glucose lowering medication 567 (17.7)

No medication registered in the NDR 60 (1.9)

Information missing 52 (1.6)

Data are presented as absolute number of subjects (% of total).

Abbreviations: T2DM: Type 2 diabetes mellitus; NDR: Swedish National Diabetes Register.
*New incident users are defined as having an NDR index date for first registration of the FreeStyle Libre system between June 2016 and June 2019.

p <0.0001). However, the total number of incident users
on insulin with HbAlc >12.0% is small (n = 25).

Change in HbAIc at 6 months stratified by age

Reductions in HbA 1c¢ at 6 months were significant amongst
individuals on insulin therapy aged 2574 years, and most
pronounced in the 25-65 age group (—0.72%-unit; p <
0.0001, Table 5). A —0.34%-unit reduction was observed
for those aged 66—74 years on insulin therapy (n =189, p <
0.0001). No change was observed for adults with T2DM on
insulin therapy aged >74 years (Table 5).

Discussion

The main findings of this retrospective cohort study using
the Swedish NDR are revealing as they relate to change in
HbA1c amongst incident users of the FreeStyle Libre system
with T2DM. Across the study period 3202 adults with T2DM
had at least one registered use of the FreeStyle Libre system in
the NDR between 1st June 2016 and 25th June 2019 (Table 1).
Amongst this population, HbAlc measurements were

available within NDR such that it was possible to analyze this
aspect of glycemic performance for 711 adults with T2DM
before and after the index date for FreeStyle Libre use. Equally,
HbAlc data in NDR enabled an assessment of metabolic
control prior to the index date, such that the association be-
tween change in HbA 1¢ and use of flash glucose monitoring in
adults with T2DM could be evaluated in this context.

For incident users of FreeStyle Libre with T2DM, the
NDR data reveal a significant association between Free-
Style Libre use after the index date and reductions in lab-
oratory measured HbA lc. There was an observed decrease
in HbA1c across the total incident population of —0.5%-unit
at 6 months which was maintained at 12 months. Within the
incident user group with T2DM, those truly naive to prior
use of CGM experienced reductions in HbAlc of —0.67%-
unit at 6 months and —0.66%-unit at 12 months. People with
unknown prior use of CGM also achieved reductions in
HbAlc, both at 6 months (—0.43%-unit) and at 12 months
(—0.49%-unit). This significant but lower reduction com-
pared to truly naive users is arguably because of the presence
in this group a significant proportion of people with no
previous experience of CGM. This is supported by the
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Table 3. Number of new incident users of the FreeStyle Libre system with HbAlc readings before and after index date®.
Status of FreeStyle Libre users registered in NDR 6 months 12 months
Type 2 diabetes total
Truly naive users 261 203
New to FreeStyle Libre system but prior use of CGM 45 37
New to FreeStyle Libre system with unknown prior status 405 298
Total incident users 711 538
Type 2 diabetes confirmed insulin users®
Truly naive users 252 196
New to FreeStyle Libre system but prior use of CGM 41 32
New to FreeStyle Libre system with unknown prior status 362 284
Total confirmed insulin users 655 512
Total confirmed non-insulin users® 35 8

*New incident users are defined as having an NDR index date for first registration of the FreeStyle Libre system between June 2016 and June 2019.
BInsulin use or non-insulin use was confirmed where possible based on NDR registration data.

(a) 6 months (b) 12 months
9.00 880
_ 8.80 —_ 860
S g
- - 8.40
g 8.40 g
E T 820
c 820 c
3 g
= 8.00 =
7.80 780
7.60 760
Total incident - lmN naive Priﬂ'lllAM Total incident Trw naive Priorun Mor use of
[ AL at baseline HbALc at 6 months [ Hoac at baseline HbALC at 12 months
HbA1c HbAlc
Mean change in | baseline | Group size Mean changein | baseline | Group size
HbA1le (%, 95% C1) | mean (%) (n) p-value® HbAlc (%, 95% C1) | mean (%) (n) p-value®
Total Incident users | 050 (-0.61,-0.40)] 86 711 | <0.0001 Total incident users | 052 (0.63,-0.40)| 86 538 | <0.0001
Truly naive -0.67(-0.83,051)] 88 261 | <0.0001 Truly naive -0.66 (-0.84,-0.49)| 8.7 203 | <0.0001
Prior use -0.43(-0.58,0.28)| 85 405 | <0.0001 Prior use unknown | -0.49 (0.65,-0.33)| 86 298 | <0.0001
Prior useof CGM | -0.22 (0.67, 0.22)| 85 45 0.3158 Prior use of CGM 0.10(-0.30, 0.49)] 8.3 37 0.6147
Figure |. Change in HbAlc in type 2 diabetes at 6 and |2 months after first registration of the FreeStyle Libre system.

observation that the group of incident users with docu-
mented prior experience of CGM did not experience a
significant change in HbA lc at either timepoint (Figure 1).
However, it must be noted that the user group with prior
experience of CGM is a small proportion (<7%) of the total
incident user population at both timepoints. These signifi-
cant reductions in HbAlc observed in T2DM in our study
are comparable with those previously reported in smaller-
scale RCTs and real-world studies for adults treated on
insulin or non-insulin therapy, who have no documented
prior experience of flash glucose monitoring.®!"

Truly naive users with T2DM on insulin treatment will
benefit from using the system as a result of the technical
and psychological support that comes from short-term and
longer-term awareness of trends in their daily glucose

levels, allied to the immediate feedback that they get about
impending hypoglycemia or prandial excursions.'*'> Some
of the users with unknown prior use of CGM will see the
same benefit, as they will in reality also be naive. Others in
this group will have prior undocumented experience with
CGM and can have developed behaviors that aid in im-
proved daily glucose control, independent of the device
itself.

The value of good glucose-control behaviors indepen-
dent of the application of FreeStyle Libre is also supported
by the data on HbAlc change observed for the separate
groups of users stratified by baseline HbAlc prior to the
index date (Table 4) and insulin use status. Incident users of
the FreeStyle Libre system with better initial control, as
evidenced by baseline HbA1c <8.0%, did not achieved any
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Table 4. Change in HbAlc at 6 months in T2DM treated with insulin stratified by baseline HbAc.

All users

Insulin users®

Mean change in %

Mean change in %

HbAlc HbAlc
Incident users (%, 95% Cl) n  p-value® (%, 95% CI) n  p-value®
Mean HbAlc range <8.0% Total incident 0.10 (—0.02, 0.21) 273 0.1041 0.11 (—0.01, 0.24) 245 0.0817
at baseline users
Truly naive 0.00 (—0.16, 0.15) 86 0.9782 0.00 (—0.16, 0.16) 83 0.9778
Prior use 0.15 (—0.02, 0.31) 167 0.0894 0.18 (—0.01, 0.37) 142 0.0664
unknown
Prior use of 0.12 (—0.32, 0.56) 20 0.578 0.12 (—0.32, 0.56) 20 0.578
CGM
8.0 - Total incident  —0.32 (—0.47, —0.17) 183 <0.0001 —0.31 (—0.46, —0.16) 182 <0.0001
<9.0% users
Truly naive —0.39 (—0.61, —0.18) 76 0.0004 —0.39 (—0.61, —0.18) 76 0.0004
Prior use —0.30 (—0.51, —0.09) 97 0.0059 —0.29 (—0.50, —0.08) 96 0.0072
unknown
Prior use of 0.08 (—1.0, 1.02) 10 0.8712 0.08 (—1.0, 1.2) 10 08712
CGM
9.0 - Total incident  —1.10 (—1.3, -.88) 209 <0.0001 —1.10 (—1.3, —0.90) 203 <0.0001
<12.0% users
Truly naive —1.30 (—1.6, —1.0) 84 <0.0001 —1.30 (—1.7, —1.0) 83 <0.0001
Prior use —0.97 (—1.20, —0.71) 116 <0.0001 —0.97 (—1.20, —0.71) 111 <0.0001
unknown
Prior use of NA <|0 NA NA <0 NA
CGM
>12.0% Total incident  —3.6 (—4.6, —2.6) 25 <0.0001 —3.6 (—4.6, —2.6) 25 <0.0001
users
Truly naive —2.7 (42, —-1.2) 10 0.0028 —2.7 (—4.2, —1.2) 10 0.0028
Prior use —4.2 (— 5.8, —2.6) I3 <0.0001 —4.2 (— 5.8, —2.6) 13 <0.0001
unknown
Prior use of NA <10 NA NA <0 NA
CGM

Data for change in HbAl ¢ are presented as absolute mean change in % HbA | c units from baseline at 6 months, not % change as a proportion of baseline.
Abbreviations: 95% Cl, 95% confidence interval. T2DM: Type 2 diabetes mellitus; CGM: continuous glucose monitoring.

?Insulin use was confirmed where possible based on NDR registration data.

®Paired sample t Test for comparison of mean baseline HbA | c with mean HbA ¢ at 6 months following first registration in NDR of the FreeStyle Libre

system.

significant change 6 months after the index date, irrespective
of their insulin or non-insulin treatment status. It is possible
that the glycemic control objective for this group is focused
on avoiding hypoglycemia whilst maintaining their HbAlc,
rather than reducing it further. In our study, reductions in
HbA Ic at 6 months after the index date were more notable
for incident users with higher starting baseline values >8.0%
and greatest for those with HbAlc >12.0%. These obser-
vations are in line with smaller real-world studies indicating
that the degree of change in HbA 1¢ for people with diabetes
using the FreeStyle Libre system is directly correlated with
baseline HbAIc in T2DM.**!° It is clear from our data that
significant reductions in HbA ¢ across the total population
of incident users at 6 months after the FreeStyle Libre index
date are driven by substantial reductions in those individuals
with higher baseline HbAlc measurements.

Our analysis of the data from the NDR show that the
benefits of reduced HbAlc after initiating the FreeStyle
Libre system are extended across adults aged 25-74 years
old with T2DM who are confirmed insulin users (Table 5).
Non-insulin users did not show a change in HbA 1¢, however
this group contained mainly people with T2DM and good
baseline glycemic control with HbAlc <8.0% (Table 4)
where change was also not significant in the insulin user
group. Our study could not confirm a previous prospective
study on 49 individuals with T2DM on non-insulin therapy
and a baseline HbA 1¢ of 7.8% which did show a significant
reduction (—0.46%-unit; p < 0.001) at 24 weeks.'' However,
comparisons cannot be realistically drawn between a pro-
spective RCT and our retrospective real-world analysis.
Another important outcome from our data is that im-
provements in glycemic control amongst adults with T2DM
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Table 5. Change in HbAlc at 6 months in T2DM stratified by age range.

Insulin users®

Incident users by age range (years) Mean change in % HbAIc (SD) HbA | c baseline mean (%) n p-value®
All ages —0.52 (—0.63, —0.41) 8.6 655 <0.0001
1824 NA NA <10 NA
25-65 —0.72 (—0.89, —0.56) 89 373 <0.0001
66-74 —0.35 (—0.50, —0.19) 8.3 189 <0.0001
>74 —0.01 (—0.24, 0.23) 8.1 84 0.934

Data for change in HbA I c are presented as absolute mean change in % HbA | c units from baseline at 6 months, not % change as a proportion of baseline.

?Insulin use was confirmed where possible based on NDR registration data.

®Paired sample t Test for comparison of mean baseline HbAlc with mean HbA I c at 6 months following first registration in NDR of the FreeStyle Libre
system.; Abbreviations: 95% Cl, 95% confidence interval. T2DM, Type 2 diabetes mellitus.

on insulin aged 66-74 years are achievable using the
FreeStyle Libre system. This extends previous studies re-
porting significant reductions in HbAlc using CGM in
subjects with a mean age of 67 years with T2DM.'” Use of
sensor-based glucose monitoring systems in older and el-
derly people with diabetes has focused on reducing the
adverse risks and consequences of hypoglycemia and hy-
perglycemia in this high-risk population'®'? rather than
directly reducing HbAlc. Although our data cannot be in-
terpreted in this context, they do indicate that improvements
in long-term glycemic control are possible for older people
with T2DM. Although the reductions in HbAlc appear to be
attenuated in the 6674 years age group compared to the 25—
65 year old subjects (—0.35% versus —0.72%), it is not
possible to conclude whether this is due to a genuine age-
dependent response to using the FreeStyle Libre system, or
whether it reflects the known correlation between the scale
of reduction with starting HbAlc,”'® since the baseline
HbAlc of the 6674 years age group is 8.3% compared to
8.9% amongst the 25-65 years age group. Further research
on the response of younger versus older people with T2DM
using the FreeStyle Libre system is likely to be valuable. In
this context, it must be acknowledged that HbAlc is only
one aspect of glycemic control, and that other measures of
glycemic health in T2DM are improved by using the
FreeStyle Libre system, such as frequency and time spent in
hypoglycemia,” which could be of more value in older
populations, compared to change in HbAlc.

Limitations and strengths

It is important to acknowledge that our study has limita-
tions. First, of the 3202 people with T2DM identified as
users of the FreeStyle Libre system, only 711 (22%) had
HbA ¢ test readings recorded in the NDR with the 6-month
post-index timepoint, falling to 538 (17%) at 12 months.
Although up-to-date HbAlc readings are captured in the
NDR as part of clinical reviews and transferred from
electronic health records, patients may not attend as

frequently as requested, thus some people with T2DM will
register fewer readings within the 12-month study time-
frame. Non-attendance for someone with T2DM can occur
for many reasons, including poor diabetes control or the
concurrent management of comorbidities, so it is not pos-
sible to infer a selection bias in the reduced size of the 12-
months cohort. A longer observational period could help
better understand the longitudinal trend in HbAlc. Further,
our analysis does not include a control group from within the
NDR, matched for baseline characteristics but who were not
incident users of the FreeStyle Libre system between June
2016 and June 2019. This is a limitation since it would have
highlighted the impact of other factors on glycemic control
over the study period, independent of FreeStyle Libre. Since
use of the FreeStyle Libre system is only one of a number of
variables in our retrospective cohort study, it is possible that
other factors may have had an impact on the observed
outcomes. For example, registration of the FreeStyle Libre
system within NDR may indicate that the incident user has
also received device training or specific diabetes education
from their healthcare professionals during the initiation
process. This can result in improved diabetes self-care be-
haviors that cannot be controlled for in this retrospective
cohort analysis. In this context, our analysis does not include
a control group from within the NDR, matched for baseline
characteristics but who were not incident users of the
FreeStyle Libre system between June 2016 and June 2019.
Because the incident users with T2DM in our study may
have initiated their use of the FreeStyle Libre system after
measuring extreme higher glucose values, both the overall
effect of FreeStyle Libre use on the change in HbAlc, and
specifically the association between the effect and the
baseline HbAlc, could be impacted by the phenomenon of
regression to the mean. The possibility that reductions in
HbAlc are simply due to improved self-care related to
training and diabetes education at the point of starting the
FreeStyle Libre system is not inconsistent with the lack of a
significant reduction in HbA 1c amongst incident users of the
FreeStyle Libre system with confirmed prior experience of
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CGM, although the small number of incident users in this
group precludes clear interpretation in this context. It must
also be acknowledged that, as with investigation of all
registries, the validity of the outcomes relies on the quality of
interpretation and application of the variables within the
registry. However, the completeness of our data in regard of
the variables under consideration and the 100% intra-patient
coherence for diabetes type across the incident users of
FreeStyle Libre (Supplementary Figure S1) give us confi-
dence that this is not a factor for our interpretation of the
NDR data. However, we acknowledge that an updated study,
including an appropriate control group, would validate our
current findings.

Strengths of our study include its large population of
people with T2DM and the fact that the NDR has almost
90% coverage of all adults with diabetes in Sweden. Since
clinical type of diabetes is stored at the person level in the
NDR and is updated to be the last recorded observation, there
should be no error in the variable containing clinical diabetes
type. Thus, interpretation of our study outcomes in T2DM is
not confounded by errors in classification of diabetes type.
This means that selection bias should not be a factor.

Conclusions/summary

This real-world observational study on a large cohort of
individuals with diabetes seen in clinical practice, has
shown that people with T2DM in Sweden can significantly
reduce their observed HbAlc for at least 12 months fol-
lowing initiation of the FreeStyle Libre system. These
reductions are evident by 6 months after starting with flash
glucose monitoring and the degree of change in HbAlc is
correlated with the baseline HbAlc of users prior to ini-
tiation. Across the age distribution of users, significant
reductions in HbAlc for people with T2DM were evident
for all adults 25—74 years old. This analysis has significant
implications for person-centered clinical care in diabetes
and also for long-term health economic outcomes in the
treatment of diabetes at a national level.
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