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Abstract

Background: In Sweden, FreeStyle Libre a flash glucose monitoring system came onto the market in 2014 as a
complement to self-monitoring of blood glucose. The aim of this study was to evaluate the accuracy and
treatment experience of the FreeStyle Libre system.
Methods: Fifty-eight adults with type 1 diabetes used FreeStyle Libre for 10–14 days and measured capil-
lary blood glucose levels with the HemoCue blood glucose measurement system at least six times a day
simultaneously.
Results: For the entire study period, the mean absolute relative difference (MARD) was 13.2% (95%
confidence interval [CI] 12.0%–14.4%). MARD was 13.6% (95% CI 12.1%–15.4%) during week 1 and
12.7% (95% CI 11.5%–13.9%) during week 2. The mean absolute difference (MAD) for the whole study
period was 19.8 mg/dL (1.1 mmol/L) (95% CI 17.8–21.8 mg/dL), including 20.5 mg/dL (1.14 mmol/L) during
week 1 and 19.0 mg/dL (1.05 mmol/L) during week 2. The overall correlation coefficient was 0.96. For
glucose values <72, 72–180, and >180 mg/dL (<4, 4–10, and >10 mmol/L), the MARD was 20.3% (95% CI
17.7%–23.1%), 14.7% (95% CI 13.4%–16%), and 9.6% (95% CI 8.5%–10.8%), respectively, and respective
MAD values were 12.3, 17.8, and 23.6 mg/dL (0.69, 0.99, and 1.31 mmol/L). Using the 10-item visual analog
scale, patients rated their experience with FreeStyle Libre as generally positive, with mean values ranging
from 8.22 to 9.8.
Conclusions: FreeStyle Libre had a similar overall MARD as continuous blood glucose monitoring systems in
earlier studies when studied in similar at-home conditions. The overall patient satisfaction was high.
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Background

In 2015 there were 415 million people with types 1 and 2
diabetes worldwide and this number is expected to in-

crease to 642 million by 2040 with the highest prevalence of
type 1 diabetes in Scandinavian countries.1,2 Good gly-

cemic control is essential to reduce diabetic complications.3

Individuals with type 1 diabetes still have an excess risk of
death compared with healthy individuals, which is strongly
related to glycemic control.4,5

Frequent capillary blood glucose tests or self-monitoring
of blood glucose (SMBG) is the traditional and one of the
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most effective ways to keep track of individuals’ blood glu-
cose levels.3 It is recommended that individuals with type 1
diabetes test their blood glucose levels four to seven times a
day for optimal control.6,7 During the recent decade, con-
tinuous glucose monitoring (CGM) has been shown to im-
prove glycemic control and hemoglobin A1c (HbA1c);
however, CGM is not widely available.8,9,10 In 2014, a new
flash glucose monitoring (FGM) system was introduced. FGM
consists of a subcutaneous sensor placed on the back of the
upper arm, which measures glucose in the interstitial fluid
every minute. Interstitial glucose concentrations can be
monitored in real time by a hand-held reader placed over the
sensor, which displays current and historical glucose levels, as
well as trends over time. Unlike CGM, FGM does not sound a
warning alarm when glucose levels are too high or too low and
it does not need a capillary blood glucose sample for cali-
bration, it is factory calibrated. FGM has a general lower cost
than CGM as well as giving patients who do not use the CGM
alarm function an alternative treatment.11 Currently, FGM is
available in several European countries but not available in
the United States.

The primary aim of this study was to evaluate the accuracy
of the FreeStyle Libre FGM system (Abbott Diabetes Care,
IL) for estimating plasma glucose levels in individuals with
type 1 diabetes. A secondary aim was to evaluate the treat-
ment experience of FreeStyle Libre.

Method

The study was carried out at two diabetes outpatient clinics
in western Sweden, Uddevalla Hospital, part of the NU-
Hospital group, and Sahlgrenska University Hospital. A
nonrandomized, nonblinded, 14-day study was performed to
determine the accuracy of the Abbott FreeStyle Libre FGM
system in estimating blood glucose levels in individuals with
type 1 diabetes. The study protocol was approved by the NU-
Hospital group internal review board, Uddevalla and Troll-
hättan, Sweden.

Individuals of age 18–75 years with type 1 diabetes were
included. Exclusion criteria consisted of history of allergic

reaction to any FGM materials or adhesives in contact with
the skin, history of allergic reaction to chlorhexidine or al-
cohol antiseptic solution, CGM or FGM usage in the last
month, and abnormal skin at the anticipated glucose sensor
attachment sites (excessive hair, burn, inflammation, infec-
tion, rash, and/or tattoo) (Table 1).

After obtaining written and verbal informed consent, a
diabetes nurse demonstrated how to insert the sensor that
was inserted during the visit. The study period lasted
14 days, which is the length of time the sensor is active.
Information on the FreeStyle Libre screen was not masked.
Each participant received a new FreeStyle Libre. Individuals
were instructed on how to use FreeStyle Libre, and how to
perform the SMBG measurements with a HemoCue blood
glucose meter. We used HemoCue DM RT 201. All He-
moCue meters were calibrated before they were used in the
study using an absolute isotop dilution GC-MC measure-
ment system.12 The total measurement error/reproducibility
imprecision of HemoCue is less than 6.5%.13 In earlier
studies using both capillary and venous values as a reference
when evaluating CGM accuracy, there was a strong corre-
lation between venous and capillary HemoCue concentra-
tions, and capillary concentrations were shown to be a
suitable reference.14

Participants documented the blood glucose concentrations
measured using HemoCue and simultaneously recorded
FreeStyle Libre levels in diaries. Participants were instructed
to only dose insulin based on SMBG measurements. Parti-
cipants were expected to measure at least six SMBG con-
centrations using HemoCue per day and at the same time
document a FreeStyle Libre value. After 14 days, the par-
ticipants returned both devices. Site personnel verified the
diaries by going through all values registered in the Hemo-
Cue meters and FreeStyle Libre. The data from FreeStyle
Libre were downloaded using the FreeStyle Libre com-
puter software. If the sensor became dislodged within the
first 10 days, a new sensor was inserted and the participant
started again from day 1. At a subsequent study visit, par-
ticipants completed the 10-item visual analog scale (VAS) to
rate their experience of FreeStyle Libre, similar to ques-
tionnaires used earlier in evaluations of CGM systems.15

Questionnaires were filled in under calm and quiet circum-
stances. The insertion site was examined after the sensor
was removed for inflammation, bleeding, infection, or other
skin reaction.

End points

The key end points were predefined and registered on
ClinicalTrials.gov: NCT02677454. The primary end point
was the mean absolute relative difference (MARD) of all
estimated capillary glucose values registered during the
whole study period between the FreeStyle Libre system and
the capillary blood glucose concentration measured with
HemoCue. Secondary end points were mean absolute dif-
ference (MAD) of all estimated capillary glucose values
registered during the whole study period of the FreeStyle
Libre system compared with the HemoCue system. The
Pearson correlation coefficient between FreeStyle Libre and
the capillary reference blood glucose measured with Hemo-
Cue was also estimated. The MARD, MAD, and Pearsons
correlation were also analyzed during days 1–7 and days 8–14

Table 1. Inclusion and Exclusion Criteria

Inclusion criteria
Type 1 diabetes
Adult patients, age 18 or older and <75 years
Written informed consent

Exclusion criteria
Pregnancy
Patients with severe cognitive dysfunction or other
disease that makes FGM use difficult
History of allergic reaction to any of the FGM system
materials or adhesives in contact with the skin
History of allergic reaction to chlorhexidine or alcohol
antiseptic solution
CGM or FGM usage in the past month
Abnormal skin at the anticipated glucose sensor
attachment sites (excessive hair, burn, inflammation,
infection, rash, and/or tattoo)

CGM, continuous blood glucose monitoring; FGM, flash glucose
monitoring.
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and in the following specified glucose ranges: <72 mg/dL
(4 mmol/L), 72–180 mg/dL (4–10 mmol/L), and >180 mg/dL
(10 mmol/L). VAS questionnaires consisting of 10 statements
were administered to evaluate participant experiences with
FreeStyle Libre.

Independence of the study

The manufacturer of FreeStyle Libre was not involved in
the design or conduct of the study, data analysis, interpretation
of results, or publication of the article. No financial or in-kind
support was received from the manufacturer for systems,
sensors, salaries, or other costs.

Statistics

For a 95% confidence interval (CI) for MARD using
FreeStyle Libre with a range of no more than –1.5% as-
suming a standard deviation of 5.5% (from a previous study
of 38 patients using the DexCom G4 and Medtronic Enlite
CGM sensors15), 52 subjects were required to be enrolled in
this study.

All statistical analyses were predefined in the statistical
analysis plan before database lock. All participants having at
least 10 time points with evaluable blood glucose values from
FreeStyle Libre and the reference capillary value obtained
from HemoCue during the whole study period were included
in the intention-to-treat population. All matching time points
were used.

For descriptive purposes, mean, standard deviation, me-
dian, minimum, and maximum values are presented for con-
tinuous variables, and number and percentages are presented
for categorical variables. Bootstrapped 95% CIs (with 10,000
replicates) were obtained for predefined accuracy variables.

The primary variable was MARD, which is the absolute
relative difference between estimated capillary glucose values
of FreeStyle Libre and blood glucose measured with Hemo-
Cue: (jFGMi - HemoCueij)/HemoCuei, where i is time point in
the study.

The primary end point and other continuous variables were
tested using the Wilcoxon signed rank test. The relation be-
tween two continuous variables was expressed by the Pearson
correlation coefficient. For graphical purposes, the relation
between MARD and MAD versus HemoCue concentrations
was investigated using mixed models, taking intraindividual
correlations into account. Random effects and residual co-
variance structure were determined using Akaike informa-
tion criterion.

All tests were two tailed and conducted at the 0.05 sig-
nificance level. Analyses were performed using SAS version
9.4 (SAS Institute, Inc., Cary, NC).

Results

Fifty eight individuals participated in the study, of which
50 had at least 10 time points from FreeStyle Libre and He-
moCue pairs of matched glucose measurements. Two pa-
tients received faulty HemoCue meters, two patients
discontinued the study, three patients did not have enough
SMBG measurements, and one patient was lost to follow-
up. Of the 50 participants who met the analysis criteria, 40%
were women, mean age was 47 years, mean HbA1c was
8.2% (65.9 mmol/mol) min–max HbA1c was 5.5%–12.6%

(37–114 mmol/mol), and mean diabetes duration was 21
years (Table 2).

End points of accuracy evaluations

The MARD for the whole study period was 13.2%
(95% CI 12.0%–14.4%.) and the MAD was 19.8 mg/dL
(1.10 mmol/L) (95% CI 17.8–21.8 mg/dL). When comparing
the results of week 1 with those of week 2, neither the

Table 2. Demographics and Baseline Characteristics

(Intention-to-Treat Population)

Variable ITT (n = 50)

Age 47.2 (15.7)
50.0 (19.0; 77.0)

n = 50

Sex
Male 30 (60.0%)
Female 20 (40.0%)

Diabetes duration 21.4 (13.1)
16.8 (1.1; 60.7)

n = 50

BMI (kg/m2) 25.5 (4.2)
24.7 (19.3; 35.9)

n = 49

Smoking 8 (16.0%)
HbA1c (%, NGSP) 8.18 (1.40)

8.10 (5.54; 12.58)
n = 50

A/C ratio 2.02 (4.09)
0.90 (0.20; 20.90)

n = 43

Insulin delivery
CSII 13 (26.0%)
MDI 37 (74.0%)

Insulin dose 47.8 (25.0)
40.0 (15.0; 136.0)

n = 50

Systolic blood pressure 128.7 (14.6)
128.0 (104.0; 166.0)

n = 49

Diastolic blood pressure 71.4 (9.3)
72.0 (43.0; 93.0)

n = 49

Average number of hypoglycemia
per month

6.64 (6.99)
4.00 (0.00; 30.00)

n = 50
Previous myocardial infarction 0 (0.0%)
Previous stroke 1 (2.0%)
Previous amputation 1 (2.0%)
Previous foot ulcers 0 (0.0%)
Current foot ulcers 4 (8.0%)
Previous retinopathy 3 (6.0%)

For categorical variables n (%) is presented.
For continuous variables mean (SD)/median (Min; Max)/n is

presented.
A/C, albumin/creatinine; CSII, continuous subcutaneous insulin

infusion; HbA1c, hemoglobin A1c; ITT, intention-to-treat; MDI,
multiple daily insulin injections; NGSP, National Glycohemoglobin
Standardization Program.
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FIG. 1. (a) The MARD of FGM (FreeStyle Libre) in relation to
glucose levels measured by HemoCue as an exponentiated quadratic
function of glucose levels measured by HemoCue. Figure shows
each single measurement as well as the predicted MARD with 95%
CI. (b) The MAD of FGM (FreeStyle Libre) in relation to glucose
levels measured by HemoCue as an exponentiated quadratic func-
tion of glucose levels measured by HemoCue. Figure shows each
single measurement as well as the predicted MAD with 95% CI. (c)
Scatter plot of measurements of glucose levels by FGM (FreeStyle
Libre) versus HemoCue. The red line represents for one–one rela-
tion. The figure shows a greater concentration of values below the
red line, indicating lower mean glucose levels by FGM than mean
glucose levels obtained by HemoCue. CI, confidence interval;
FGM, flash glucose monitoring; MAD, mean absolute difference;
MARD, mean absolute relative difference.
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MARD nor the MAD changed significantly. The MARD
decreased by -0.9% and the MAD decreased by -1.53 mg/dL
(0.09 mmol/L) in week 2 as compared with those in week 1
(Table 3).

The MARD decreased with higher blood glucose val-
ues with the MARD at 20% for blood glucose values
<72 mg/dL (4 mmol/L) and at 9.6% for blood glucose
values >180 mg/dL (10 mmol/L). The MAD in contrast
increased with higher blood glucose values with the
MAD of 12.3 mg/dL (0.69 mmol/L) for glucose values
<72 mg/dL (4 mmol/L) and 23.6 mg/dL (1.31 mmol/L) for
glucose values >180 mg/dL (10 mmol/L) (Table 3 and
Fig. 1a, b).

The Pearson correlation coefficient between glucose val-
ues measured by HemoCue and FreeStyle Libre for the whole
study period was 0.96 (95% CI 0.95–0.97).

Treatment experience

The participants rated their experience with FreeStyle Libre
using the 10-statement VAS (0–10) as positive with mean
values ranging from 8.22 to 9.8. For the statement ‘‘My expe-
rience of FreeStyle Libre was very positive,’’ the mean was
9.04. For the statement ‘‘It was easy to use FreeStyle Libre,’’
the mean was 9.8. The mean number of scanning problems
with FreeStyle Libre was 0.48 (95% CI 0.22–0.78).

Table 4. End Points of Patient Treatment Experience (Intention-to-Treat Population)

Variable ITT (n = 50)

Questionnaire (VAS)
My experience of Freestyle Libre was very positive (0–10) 9.04 (1.51)

10.00 (3.00; 10.00)
n = 50

The insertion of Freestyle Libre was very easy and trouble free (0–10) 9.08 (1.79)
10.00 (0.00; 10.00)

n = 50

During my time using Freestyle Libre, I felt safe and free (0–10) 8.92 (1.34)
9.00 (5.00; 10.00)

n = 50

It was easy to use Freestyle Libre (0–10) 9.80 (0.64)
10.00 (6.00; 10.00)

n = 50

It was easy to interpret the information on the Freestyle Libre screen (0–10) 9.64 (0.85)
10.00 (6.00; 10.00)

n = 50

I was not in pain or had discomfort in connection to my use
of Freestyle Libre (0–10)

9.06 (2.03)
10.00 (0.00; 10.00)

n = 50

I experienced no problem scanning Freestyle Libre (0–10) 9.70 (0.71)
10.00 (7.00; 10.00)

n = 50

The Freestyle Libre sensor was comfortable to have on my body
in my daily life (0–10)

8.32 (2.26)
9.00 (0.00; 10.00)

n = 50

The Freestyle Libre sensor did not disturb my daily life (e.g., how I choose
to dress, my work, or other daily activities) (0–10)

8.22 (2.26)
9.00 (0.00; 10.00)

n = 50

I would like to use Freestyle Libre in my daily life (0–10) 9.40 (1.56)
10.00 (3.00; 10.00)

n = 50

Have you at some point tried a CGM (yes, no)
No 34 (69.4%)
Yes 15 (30.6%)

Secretion of blood and other fluids at removal (yes, no)
No 41 (87.2%)
Yes 6 (12.8%)

Visible skin reaction after removal (yes, no)
No 32 (68.1%)
Yes 15 (31.9%)

For categorical variables n (%) is presented.
For continuous variables mean (SD)/median (Min; Max)/n is presented.
VAS, visual analog scale.
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Skin reactions at sensor use

Of all patients, 6 (13%) had blood and other fluids at the
sensor site when the sensor was removed and 15 (32%) had a
visible skin reaction after removal (Table 4).

Post hoc analyses

Of all analyzed glucose concentrations, 80.1% (2859 out
of 3602) deviated less than or equal to 20%. The corre-
sponding percentages for blood glucose concentrations <72,
72–180, and >180 mg/dL (4, 4–10, and >10 mmol/L) were
63.4%, 74.6%, and 91.3%, respectively. Of all analyzed
glucose concentrations, 92.1% deviated less than 30% and
for the three glucose categories it was 81.7%, 89.5%, and
97.9%, respectively.

The difference between the mean glucose values mea-
sured by HemoCue and FreeStyle Libre over the entire study
period was -9.20 mg/dL (95% CI -13.0 to -5.4), -0.51 mmol/L
(95% CI -0.72 to -0.3) P < 0.0001. The mean difference for
glucose values 72–180 mg/dL (4–10 mmol/L) was -7.86 mg/dL
(-0.436 mmol/L) and that for glucose value of >180 mg/dL
(10 mmol/L) was -11.7 mg/dL (-0.65 mmol/L), both were
found to be significant, P < 0.0001. However, the mean differ-
ence for glucose values <72 mg/dL (4 mmol/L) was 0.047
mg/dL (0.003 mmol/L), which was not significant, P = 0.81.

Discussion

In this study, the FreeStyle Libre FGM was associated with a
13.2% MARD as compared with capillary blood glucose values
measured with the HemoCue device after 2 weeks of use. At the
end of week 1, the MARD was 13.6%, and decreased only
slightly to 12.7% at the end of week 2. The MAD in glucose
levels measured between FreeStyle Libre and HemoCue ref-
erence over the whole study period was 19.8 mg/dL (1.1 mmol/L).
The FreeStyle Libre system showed glucose values that were
significantly lower than those of HemoCue at -9.20 mg/dL
(-0.51 mmol/L).

We found 19.9% of glucose values measured by FreeStyle
Libre deviated more than 20%, and 7.9% of glucose values
measured by FreeStyle Libre deviated more than 30% from
the HemoCue reference. The participants rated their overall
treatment experience with FreeStyle Libre as high.

Using a similar study design, we previously studied the
accuracy and treatment experience of the DexCom G4 and
Enlite CGM systems (using portable systems not linked to
continuous subcutaneous insulin infusion [CSII]).15 The ab-
solute majority of reference values in our work were also
measured in the ambulatory setting using the HemoCue
meter. Although comparisons between devices not tested
‘‘head to head’’ in the same trial should be cautiously inter-
preted, it is noteworthy that the MARD in this study was
similar overall to that of the DexCom G4 system and lower
than that of the Enlite sensor in our previous work (13.2%,
13.9%, and 17.8%, respectively).15 However, novel CGM
sensors and algorithms are under development, and therefore
accuracy may differ with respect to earlier studies using
sensors linked to an insulin pump or used with more novel
portable systems.

A similar study, which compared FreeStyle Libre against
both its own built-in capillary blood glucose meter and yel-
low spring instrument, found the MARD was 12.1% and

12%, respectively.16 In the Yellow Spring study, each patient
received two FreeStyle Libre sensors simultaneously com-
pared with only one sensor used in our study. In our study, the
correlation between HemoCue and FreeStyle Libre was
strong at 0.957 with FreeStyle Libre in most cases showing
lower concentrations than HemoCue (Fig. 1c). It is possible
the MARD may have been somewhat lower if there had not
been any systematic deviation between the Freestyle Libre
and HemoCue values. The measurement results of both
FreeStyle Libre and HemoCue are traceable to measure-
ment results using primary reference materials from the Na-
tional Institute of Standards and Technologies (NIST).
HemoCue uses isotope dilutation mass spectrometry for
glucose and primary reference material from NIST to si-
multaneously measure at least 20 fresh patient samples from
healthy and individuals with diabetes to calibrate each cuvette
lot. The bias shown in our results between FreeStyle Libre and
HemoCue is likely because of the use of noncommutable
reference materials and calibrators in a multistep traceability
chain in the case of FreeStyle Libre.17–20 This negative bias
could possibly be adjusted with adjusted algorithms.

There are several implications regarding the accuracy of
FreeStyle Libre in this study. First, it shows that FreeStyle
Libre has an overall accuracy that is good, especially con-
sidering that it measures glucose concentrations in the ex-
tracellular fluid and does not need to be calibrated. However,
our study shows that FreeStyle Libre measures systematically
lower glucose concentrations (has a negative bias) than the
HemoCue whole capillary blood method. This deviation has
also been noted by many patients in clinical practice in
Sweden where the study was carried out. A non-negligible
proportion of glucose concentrations measured using Free-
Style Libre also deviated more than 20% and 30% (19.9%
and 7.9% of values, respectively). As the system is approved
in Europe to dose insulin according to measured glucose
values, these findings warrant some caution, particularly in
specific situations in which the glucose level is of particular
clinical importance for the patient or the healthcare official.
Deviation of more than 20% and especially more than 30%
can likely be crucial in several clinical situations. However,
a recent randomized study limited to patients with rela-
tively good glycemic control (HbA1c <7.5%) using FGM
found a 38% reduction in patient time in hypoglycemia
compared with controls, indicating safety from a hypo-
glycemia perspective in this patient group.21 It is, therefore,
possible that the lower accuracy of the Libre meter than the
conventional SMBG meters is compensated by patients
making more glucose checks and receiving information of
glucose trends. Long-term trials of FGM and in a more
general population of persons with type 1 diabetes are
further needed,

Using the 10-item VAS questionnaire, participants rated
their experience with FreeStyle Libre as positive, as has been
shown in earlier studies,16,21 with average scores from 8.22 to
9.8 on a scale from 0 to 10. Along with accuracy compari-
sons, indirect comparisons should be interpreted cautiously,
but it is noteworthy that average scores from earlier studies in
which patients rated the DexCom G4 system using the same
questions ranged from 72.5 to 90 (out of 100) and average
scores for the Enlite sensor in conjunction to the Guardian
system ranged from 42.1 to 86.1 (out of 100).15 In the earlier
study, patients also wore the Dexcom and Guardian systems
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simultaneously, thus treatment experience was evaluated
under somewhat different circumstances.

The introduction of FreeStyle Libre offers patients a
new alternative for managing their blood glucose concen-
tration, which seems to be equally accurate to CGM and
requires less daily effort on the patient’s part in performing
the recommended amount of SMBG.6,7,15 Earlier studies
have shown a reduction in HbA1c with CGM use in con-
junction with insulin pump treatment and multiple daily in-
sulin injections.8,9,10 but there are no data from randomized
studies currently available regarding the effect of FGM on
HbA1c. We can speculate that FGM will give patients who
find it burdening to take SMBG an improved possibility to
lower their HbA1c. Furthermore, it is noteworthy that FGM
and CGM differ. Namely, FGM does not sound an alarm with
hyperglycemia and hypoglycemia. However, potential dif-
ferences with respect to effects on glycemic control, hypo-
glycemia risk, and other safety concerns between FGM and
CGM are currently not known and would need investigations
in randomized clinical trials.

The strength of this study is that it was performed fully
independently of the FreeStyle Libre manufacturer. All costs
of FreeStyle Libre as well as salaries paid to research staff
were supplied by independent funds. The manufacturer of
Freestyle Libre was not involved in any parts of the trial. The
key end points for the study were predefined before the study
began. Owing to the fact that the study was carried out at
home, there was an increased possibility to capture hypo-
glycemic values for analysis and the questionnaire that cap-
tured subject’s experience of the system is also a strength of
this study. Limitations include the short study duration.
Glucose values were measured by patients themselves, thus
testing procedures were not controlled, although all patients
received careful instructions of these procedures. The results
of the questionnaire should be viewed with some cautious-
ness because it has not been structurally validated and
treatment experience can be difficult to fully evaluate over a
relative short time period.

In conclusion, the FreeStyle Libre system seems to have
an overall accuracy that is similar to CGM-systems with
high accuracy. The treatment experience was high. A non-
negligible proportion of glucose values, however, deviates
more than 20% and 30%, which is of concern to be aware of
in clinical practice when dosing insulin. The calibration of
the FreeStyle Libre system could likely be improved because
it had a negative bias compared with HemoCue capillary
whole blood.
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