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Higher scanning frequency is
correlated with less fear of
hypoglycemia in type 1 diabetes
patients using isCGM
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Background: Frequent scanning of intermittently scanned continuous glucose
monitoring (isSCGM) devices is associated with improvements in glycemic
indices. Limited data is available for its correlation with fear of hypoglycemia
(FOH), an established factor affecting quality of life and glycemic controliin type
1 diabetes (T1DM).

Aim: The aim of the study was to analyze the association of sensor scanning
frequency with FOH and glycemic indices in TIDM patients using isCGM.

Subjects and methods: T1DM patients using isCGM were eligible. Clinical data
and Ambulatory Glucose Profile (AGP) reports were obtained from medical
records. At outpatient visits, AGP of last 14 days prior to visit were analyzed and
FOH was assessed using Hypoglycemia Fear Survey Il (HFS I1).

Results: We included 77 consecutive TIDM patients (58 females, 19 males).
Mean age was 34.1 + 10.2 years and mean T1DM duration was 14.7 + 12.0 years.
Baseline mean glycemic indices were as follows: mean glucose - 155.8 + 29.8
mg/dL; GMI - 53.3 + 7.5 mmol/mol; TIR - 66.4 + 17.8%; TBR70 - 4.5 + 4.1%;
TBR54 - 0.6 + 1.2%; TAR180 - 29.2 + 17.9%; TAR250 - 9.6 + 10.4%; %CV -
36.7 + 8.3. Average scanning frequency was 13.8 + 7.8 scans/day. Mean HFS Il
scores were 16.1 + 7.2 and 18.7 + 12.2 in behavior and worry subscale,
respectively. Correlation was confirmed between scanning frequency and
mean glucose, GMI, TIR, TBR70, TAR180, TAR250, %CV and HFS Il total, and
HFS 1l - B (p<0.05 for all statistics).

Conclusions: For the first time, we report that higher scanning frequency is

associated not only with better glycemic indices but also with less FOH in TIDM
adult patients using isSCGM.
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Introduction

Globally, more than 530 million people are living with
diabetes, including approximately 9,000,000 (2%) diagnosed
with type 1 diabetes (TIDM) (1, 2). In people with TIDM, a
strong association is evident between frequent self-monitoring of
blood glucose (SMBG) and glycemic control as assessed by
glycated hemoglobin Alc (HbAlc) (3, 4). Patients with
diabetes on intensive insulin therapy (IIT) with MDI or
insulin pumps are advised to perform at least 4 SMBG tests
per day or use continuous glucose monitoring (CGM) devices -
either intermittently-scanned CGM (isCGM) or real-time CGM
(rtCGM) (5, 6). The only isCGM currently available are the
FreeStyle Libre® system and FreeStyle Libre 2 system (Abbott
Diabetes Care Inc., USA) (7). Many published studies have
reported on the frequency of daily scans and glycemic indices
in patients using isSCGM. Based on de-identified data it was
shown within different populations that patients who perform
more scans per day have lower mean glucose, lower glucose
management index (GMI), spend more time in range (TIR) and
less time above range (TAR) and time below range (TBR), as
defined by the International Consensus on Time in Range and as
visualized in ambulatory glucose profile (AGP) reports (8-12).
Moreover, using isCGM is associated with less hospitalizations
due to severe hypoglycemia or diabetic ketoacidosis (DKA), less
workplace absenteeism, and higher quality of life (13-15).
However, only limited data is available that examines the
correlation of scanning frequency with fear of hypoglycemia
(FOH), an established factor affecting quality of life and glycemic
control in people with TIDM. Such an association has been
reported in children and adolescents, but not in adults (16-18).
As well as affecting glycemic control, FOH has been shown to be
associated with high calorie intake and reduced physical activity
(19). In this observational cohort study, our aim was to analyze
the association between scanning frequency and FOH, as well as
glycemic indices in T1IDM patients using isCGM.

Materials and methods
Patients

TIDM patients, active iSCGM users were recruited between
October and December 2021 in a single outpatient academic clinic
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that provides diabetes care to patients in the University Hospital in
Krakow, Poland. Data, such as age, sex, diabetes duration, type of
therapy and presence of diabetic complications were obtained from
medical records. As in Poland isCGM is reimbursted for TIDM
patients aged <18 years only, thus all adult patients using isCGM
cover all cost of sensors themselves. Women planning pregnancy or
being pregnant were not involved in the study. The study was
performed in accordance with the Declaration of Helsinki and was
approved by local Bioethics Committee. All participants provided
informed consent.

Ambulatory glucose profile and
scanning details

The FreeStyle Libre sensor measures interstitial glucose
levels for up to 14 days (7). Data collected by sensors are
uploaded by patients using the LibreLink smartphone app to
the LibreView platform (Abbott Diabetes Care Inc., USA), which
generates personal AGP reports. Glucose ranges as assessed were
defined as: TIR 70-180 mg/dL (3.9-10.0 mmol/L), TBR70 <70
mg/dL (<3.9 mmol/L), and TAR180 >180 mg/dL (>10.0 mmol/
L), in accordance with the international consensus ranges (12).
Time spent in very high glucose and very low ranges defined as
TAR250 >250 mg/dL (13.9 mmol/L) and TBR54 <54 mg/dL
(<3.0 mmol/L) were assessed as well (12). Data on scanning
frequency was obtained from patients’ personal reports
generated in LibreView. Last 14 days were analyzed prior to a
visit in outpatient clinic. Data was included to analyses only if
percentage of time CGM was active was at least 70%.

Fear of hypoglycemia

At the study visit, FOH was assessed using Hypoglycemia
Fear Survey II (HES II), which is a validated measure of FOH in
adults with TIDM. HFS II contains both a worry subscale (HFS
IT - W) and a separate behavior subscale (HES II - B) (20).

Statistical analysis
Statistical analysis was performed using Statistica, version

13, TIBCO Software Inc., CA, USA. Basic descriptive statistics
were calculated for the entire study group, patients treated with
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MDI and insulin pump users, and for five scan-rate groups, each
containing 20% of subjects from least to most scanners.
Parametric t test or nonparametric U test were performed,
where applicable, to describe clinical characteristics and
differences between patients on MDI and pump users, while
for nominal variables the Fisher’s exact test was used.
Correlations were analyzed between scanning frequency,
glycemic control indices and FOH. Moreover, multiple
regression model was built to find factors that affect HFS. A
p<0.05 was considered to be significant.

Results
Characteristics of the study group

77 (58 female, 19 male) adults with TIDM were included in
the study. Of these, 39 were treated with MDI, and 38 were
insulin pump users. The mean age of subjects was 34.1 + 10.2
years and mean T1DM duration was 14.7 + 12.0 years. In the
study group, there were 3 patients with a history of episode of
severe hypoglycemia and 5 with history of DKA in the previous
12 months. There were no patients with diagnosed advanced
chronic complications. Detailed characteristics of the study
group are shown in Table 1.

TABLE 1 Clinical characteristics of the study group.

Entire group

Number of cases, n 77

Sex female/male, n 58/19
Age, years 34.1 +10.2
Diabetes duration, years 14.7 + 12.0
BMI, kg/m2 237 £32
Mean glucose, mg/dL 155.8 +29.8
GMI, % 7.03 £ 0.68
GMI, mmol/mol 533+75
CV, % 36.7 £ 83
TAR250, % 9.6 + 104
TAR180, % 292 +97
TIR, % 66.4 +17.8
TBR70, % 45+41
TBR54, % 06+12
Scanning frequency, n/d 138+78
HES 11 347 £ 16.8
HFSII - B 16.1 £7.2
HFSII - W 18.7 + 12.2

10.3389/fendo.2022.996933

Glycemic indices

The study participants performed on average 13.8 + 7.8
scans/day, median 13 scans/day. Mean glucose was 155.8 + 29.8
mg/dL and GMI 7.03 + 0.68% (53.3 £ 7.5 mmol/mol). Mean TIR
was 66.4 + 17.8%, TBR70 was 4.5 + 4.1%, TBR54 was 0.6 + 1.2%,
TAR180 was 29.2 + 17.9%, and TAR250 was 9.6 + 10.4%. Mean
glycemic variability expressed as coefficient of variation (CV)
was 36.7 + 8.3%. Detailed data on glycemic indices across the five
scan-rate groups is shown in Table 2 and in Figure 1. As
expected, significant correlations were found between scanning
frequency and mean glucose (r=-0.54, B=-2.1,95% CI: -2.8, -1.4),
GMI (r=-0.55, B=-0.05, 95% CI: -0.07, -0.03), TIR (r=0.65,
B=1.49, 95% CI: 1.09, 1.89), TBR70 (r=-0.25, B=-0.13, 95%
CI: -0.25, -0.02), TAR180 (r=-0.58, B=-1.34, 95% CI:
-1.77, -0.91), TAR250 (r=-0.56, =-0.75, 95% CI: -1.00, -0.49),
and %CV (r=-0.59, B=-0.62, 95% CI: -0.82, -0.43). No significant
correlation was evident between the scanning rate and TBR54
(r=-0.13, B=-0.02, 95% CI: -0.05, 0.01) (Figure 2).

Fear of hypoglycemia

The mean total HES II score was 34.7 + 16.6, with 16.1 + 7.2
and 18.7 + 12.2 scores for the behavior and worry subscales,

CsII MDI P
38 39 N/A
34/4 24/15 <0.01
332489 351+ 113 0.42
172+ 11.0 123+ 125 0.07
236+ 3.5 239429 0.69
156.5 + 26.9 1552 +32.8 0.86
7.05 + 0.63 7.01 +0.73 0.81
53.6 + 6.9 531+ 8.2 0.78
380 + 8.2 353+ 8.2 0.15
100 + 10.1 92 +10.7 0.74
294 +16.1 289 +19.7 0.90
653+ 16.2 67.5 +19.4 0.60
53+ 44 38+36 0.11
0.7+ 1.1 05+12 0.59
14.0 + 8.2 136+ 7.5 0.82
363 +16.7 332+ 169 0.42
155 + 6.2 16.6 + 8.0 0.49
20.8 + 13.4 16.6 + 10.7 0.13

Data shown as n - number of cases or mean + SD. BMI, Body mass index; CV, Coefficient of variation; GMI, Glucose management indicator; HFS II, Hypoglycemia Fear Survey II; HFS IT -
B, HFS II Behavior subscale; HES II - W, HES II Worry subscale; TIR, Time in range 70-180 mg/dL; TAR250, Time above range >250 mg/dL; TAR180, Time above range >180 mg/dL;

TBR?70, Time below range <70 mg/dL; TBR54; Time below range <54 mg/dL.
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TABLE 2 Glycemic indices and HFS Il according to the scan rate group.

Scan rate Scanning Mean GMI Glucose
group frequency glucose CvV
(scans/ (mg/dL) (mmol/ (%) (%)
day) mol)
Group 1 49+15 1812+£300 596+70 76+ 441 +88
0.6
Group 2 86+10 160.6+253 545+67 72+ 37.7+69
0.6
Group 3 126 £1.8 1583 +£282 542+72 71+ 37.6+65
0.7
Group 4 175+ 18 1476 +241 512+63 68+ 340%55
0.6
Group 5 265+33 1294+148 467+40 64+ 294+£57
0.5

TBR54 TBR70

(%)

0.8 +
12

0.6 +
1.1
0.7 £
1.4

0.3+
0.6

0.5+
14

10.3389/fendo.2022.996933

TIR TAR180 TAR250 HFS 11 HFS HFS
II-B I-w
(%) (%) (%) (%)
6.1 50.3 + 43.6 £ 20.0 £ 425 + 20.0 £ 225+
3.8 16.2 16.6 12.2 19.1 7.7 14.4
49 + 61.9 + 332+ 103 +£93 343+ 13.8 + 20.5 £
4.4 13.7 15.0 19.3 7.7 15.2
47 £ 63.3 + 319 + 9.9 £ 8.6 32.8 + 167+ 161 +£9.4
4.9 14.5 16.9 15.1 7.3
33+ 729 £ 239 + 59+64 333+ 153+ 18.0+9.3
3.5 14.7 15.5 14.2 6.6
35+ 849+86 119+£80 13+£20 303 + 14.5 159 +
3.7 14.4 52 11.4

Scan groups consists of n=16 (first 2 groups) and n=15 (next 3 groups). All data are shown as mean + SD. CV, Coefficient of variation; GMI, Glucose management indicator; HFS II,
Hypoglycemia Fear Survey II; HES II - B, HFS II Behavior subscale; HFS II - W, HFS IT Worry subscale; TIR, Time in range 70-180 mg/dL; TAR250, Time above range >250 mg/dL;
TAR180, Time above range >180 mg/dL; TBR70, Time below range <70 mg/dL; TBR54; Time below range <54 mg/dL.

respectively (Table 1 and Figure 3). Data on FOH across the five
scan-rate groups is shown in Table 2. Significant correlations were
found between scanning frequency and overall HFS II score (r=-
0.25, B=-0.53, 95% CI: -1.01, -0.05), and with the HFS II-B subscale
(r=-0.24, f=-0.22, 95% CIL: -0.43, -0.02). No significant correlation
was found with the HFS II-W subscale (r=-0.19, 3=-0.30, 95%
CL: -0.66, 0.05) (Figure 4). In multiple regression analyzes, no
significant association was observed between HES II scores with:
gender, or type of insulin therapy (MDI or insulin pumps).

A Scanning frequency

Scansiday
GMI (%)

1 2 3 4 s 1 2

Sean rate group

D Time above range >250 mg/dl

TAR250 (%)
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H 10
1 2 3 4 s
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G Time below range <70 mg/dl
20 6
8
6
"
2
w0

TBR70 (%)
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Scan rate group

FIGURE 1

B Glucose management indicator
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Discussion

In this single center observational cohort study, we have
examined association between scanning frequency and FOH,
and glycemic indices in adults with T1IDM treated with insulin
pumps or MDI. For the first time, we have found that scanning
frequency is negatively correlated with FOH in adults with
TIDM. We have shown that increased daily scan rates are
associated with reduced fear of hypoglycemia for people with
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Cocfficient of variation (%)

4 5 1 2 3 4 s

Scan rate group

Glycemic indices across scan rate groups (each group represents 20% of subjects (first 2 groups — n=16, next 3 groups — n=15). (A) Scanning
frequency, (B) Glucose management indicator, (C) Mean glucose, (D) Time above range >250 mg/dl, (E) Time above range >180 mg/d\, (F) Time
in range 70-180 mg/dl, (G) Time below range <70 mg/dl, (H) Time below range <54 mg/dL, (I) Glycemic variability expressed as coefficient of

variation. Data shown as mean and interquartile range.
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TI1DM, as assessed by HFS II scores. Significant negative
correlations were found in terms of HFS II total scores and the
behavior subscale. No correlation between scanning frequency
and worry subscale was demonstrated, although the observed
scores were lower at the highest scan rate.

The first randomized clinical study to evaluate clinical
effectiveness of isCGM was the IMPACT trial (13). In that
study, using isCGM was associated with significant
improvement in glycemic outcomes, particularly reduction in
time spent in hypoglycemia, and improvement in treatment
satisfaction score, but HFS II scores did not differ between
intervention and control group (13). Such findings were
confirmed in the FUTURE study, in which the impact of
isSCGM on quality of life (QoL) was assessed in real-world
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FIGURE 3

Fear of hypoglycemia across scan rate groups (each group represents 20% of subjects (first 2 groups — n=16, next 3 groups

Scan rate group,

B HFS 11 - Behavior subscale

3

conditions, and showed that, after initiation of isCGM,
treatment satisfaction increased, while QoL was maintained
(15). Moreover, after initiation of isSCGM, hospitalizations due
to hypoglycemia and/or DKA were reduced, and less workplace
absenteeism was observed (15). Authors of the FUTURE study
concluded that FOH and treatment satisfaction were not
different subgroups with different scan frequencies (no detailed
results were provided) (15).

To the best of our knowledge, there is no published data on
the association between scanning frequency and FOH in adults.
In children and adolescents (aged 13-19 years) the frequency of
isCGM use was negatively correlated with worry and positively
with behavior assessed by the Hypoglycemia Fear Survey - Child
version tool (16). FOH is an important factor influencing QoL

C HFS Il - Worry subscale

slang

Scan rate group

HFS 11 W

- n=15). (A) HFS I,

(B) HFS Il - Behavior subscale, (C) HFS Il - Worry subscale. Data shown as mean and interquartile range.
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and glycemic control, thus, any strategy that could lower FOH is
potentially of clinical value (17, 18). In the STAR 3 randomized
trail it was shown that sensor-augmented pump therapy (SAPT)
when compared with MDI+SMBG had significant advantages
for reducing FOH (21). In another clinical study on SAPT, FOH
scores tended to be lower for SAPT users, but results were
statistically insignificant (22).

Our study also confirms previous findings on the association
between scanning frequency and glycemic indices (8-11). Most
previous real-world studies on scanning frequency were based
on de-identified data stored in the cloud, thus no clinical
characteristics of study subjects could be examined. Our well-
characterized study group consisted of adult patients with
T1DM, half of them treated with insulin pumps. In that
group, a significant imbalance in terms of gender could be
seen (Table 1). However, in additional analyses, gender and
type of insulin therapy were not found as significant factors
affecting FOH. The mean scan rate in our group was above 13
scans per day, which is comparable with the international data
(8). However, the number of daily scans performed by the wider
international group was lower than observed within the larger
Polish cohort, as reported previously by us based on de-
identified data (>21 scans per day) (8). Nevertheless, a mean
GMI of 7.03% is almost identical to earlier reported eAlc for the
same previously reported national cohort (7.04%) and lower
than observed in several other countries (7.49%) (8). This data
could suggest the influence of country-specific factors on the
observed results. First, in Poland, the great majority of subjects
using CGM devices are people with TIDM. Second, because in
Poland isCGM is partially reimbursed only for people with
T1DM under the age of 18 years and not for adults, one could
hypothesize that in the adult population it is preferentially used
by patients with higher socioeconomic status and with greater
awareness of their disease, or people with higher FOH (23). Even
in such groups, higher scanning frequency is correlated with
better glycemic outcomes.

We must acknowledge that our study has some limitations.
First, the research was conducted in one center only and the
sample size is small. Second, the study group was preselected as
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only adult TIDM patients paying for sensors out of pocket were
included. Additionally, this group consisted of TIDM patients
with good glycemic control who rarely experienced severe
hypoglycemia within a year before the study entry. This group
was characterized by an over-representation of female TIDM
patients. This is related to the fact that they are attracted to our
department by a special program dedicated to pregnancy
planning and care. These women usually remain under our
care after the delivery. However, in the study women currently
planning pregnancy or being pregnant were not involved in the
study. Moreover, no longitudinal data was analyzed, and no
effect of previous sensors use, and patients’ experience was
investigated. Next, due to the observational nature of our
study, we cannot determine whether a cause-and-effect
relationship exists between higher frequencies of daily scans
and lower HFS II scores in adults with TIDM using isCGM.
Such relationship could be established only in a future
randomized clinical trial. However, the associations found in
the current study are supported by previous reports on higher
scanning frequencies and improvements in glycemic indices
when using isSCGM. Thus, patients who perform fewer daily
scans could be advised to scan sensors more frequently to
improve their glycemic control and reduce their FOH.

Conclusion

For the first time, we report that higher scanning frequency
is associated not only with improved glycemic indices but also
with reduced FOH in adults with TIDM using isSCGM. This
constitutes a new argument for advising TIDM patients to
undertake frequent scanning when using isCGM.
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