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Abstract

Background: Current glucose monitoring user interfaces (Uls) are problematic for people with Type | Diabetes
Mellitus (T I DM) in maintaining recommended blood glucose levels effectively. However, there is a lack of in-depth inves-
tigation into this problem when these individuals interpret and make real-time decisions based on the glucose monitoring
devices they use daily.

Objectives: We aim to investigate problems associated with glucose monitoring Uls by observing users’ interpretation
and decision-making while reading their Continuous Glucose Monitoring (CGM), Flash Glucose Monitoring (Flash) or
Self-monitoring of Blood Glucose (SMBG).

Methods: A mixed-method study was conducted. The Think Aloud protocol was used to capture participants’ decision-
making process while reading various device Uls. Their responses were evaluated using standard clinical guidance to
assess their accuracy. Additionally, a survey was distributed to gather their perceptions of self-management practices.
Results: Twenty-seven participants (17 patients and |10 carers) were recruited. Interpretation accuracy averaged
38.0% + I1.1% for CGM, 39.5% + 8.8% for Flash, and 33.3% + 7.8% for SMBG group. Treatment action accuracy was
21.5% + 15.6% for CGM, 21.2% + 14.0% for Flash, and 18.0% + 13.2% for SMBG group. Despite this, 75.0% of all
participants expressed very high confidence in their self-management.

Conclusions: Interpreting and making decisions using glucose monitoring Uls remains significantly challenging for people
with T1DM despite their self-perceived performance. Improving such Uls is crucial to reduce misinterpretation and help
these individuals make better treatment decisions without relying on their potentially inaccurate interpretations.
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Introduction glucose levels (hyperglycaemia) and excessively low glucose
levels (hypoglycaemia) can lead to severe medical displayed

Continuous Glucose Monitoring (CGM), Flash glucose mon- in CGM.2 Previous studies have shown that users face

itoring (Flash), and Self-Monitoring of Blood Glucose
through glucometers (SMBG) are the primary glucose mon-
itoring devices used by people with Type 1 Diabetes Mellitus ] o
(T1DM) to monitor their glucose levels." Both CGM and MZiE?‘:::rmUoé Computer Science, University of Manchester,
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through mobile applications. Regarding SMBG, it requires
manual blood sampling, with glucose levels displayed on a ! i o
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glucometer, as dep icted in Flgure 1. Momtonng glucose Manchester, LF| Kilburn Building, Oxford Road, Manchester,
levels is paramount for people with TIDM due to the unpre- ;3 9pL, UK.
dictable nature of glucose fluctuations.” Excessively high  Email: rujiravee kongdee@manchester.ac.uk
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Figure |. Glucose monitoring Uls components annotations: (1) glucose number shows the current glucose reading; (2) trend arrow
suggests the predicted trend and rate of change in glucose level: increase, decrease or stable; (3) graph shows historical glucose data;
(4) alert banner indicates any potential upcoming scenarios which require timely attention. It appears when the device detects rapid

changes in glucose levels.

challenges and feel overwhelmed when reviewing and inter-
preting CGM data.'® The major issues reported were caused
by the unsuitability of commercially available data visualisa-
tions,!"*'? detail of data and amount of information that
causes information overload.'*'* Moreover, different levels
of numeracy across individuals with TIDM make interpret-
ation more difficult."?

Given the heavy reliance of people with TIDM on glu-
cose monitoring, the misinterpretation of readings can lead
to serious medical situations and result in erroneous decision-
making with regard to the administered treatment.'® For
instance, injecting excessive amounts of insulin can lead to
hypoglycaemia, while inadequate insulin can cause compli-
cations. Consequently, people with TIDM must make add-
itional safety-critical decisions approximately 180 times per
day’ to maintain their blood glucose within the clinically
recommended range of 3.9-10.0 mmol/L.*

Over the past decade, advancements in CGM and Flash
technologies have yielded significant improvements in
accuracy and user-friendly data presentation.™ However,
their shortcomings have often been reported in research
studies, especially problems associated with interpreting
data hyperglycaemia. Both of these scenarios can result in
short- and long-term health complications.'’

Related work

Recent research has investigated the interpretation of glu-
cose data in people with TIDM. However, there is limited

research that closely examines how people with T1IDM
review and make decisions in real-time based on their glu-
cose monitoring devices they used on a daily basis.

A recent study observed difficulties in using CGM
among people with TIDM. The findings indicate that while
most participants consider the trend arrow, glucose read-
ings, and alarms provided by CGM to be useful, the glucose
graphs are perceived as less or not useful.'® Another study
found an over-administer insulin issue among patients with
T1DM. They highlighted that CGM trend arrows caused the
issue as participants tended to over-rely on glucose rate of
change when calculating the amount of insulin. As a result,
they opted for excessive insulin amounts rather than clinical
recommendations.'® These findings revealed various diffi-
culties faced by people with TIDM in using CGM.
However, these results are based on self-reported data and
cannot accurately reflect their actual performance and
uncover underlying problems.

While some attempts have been made to explore the use
of glucose monitoring apps, they did not employ the com-
monly used CGM mobile applications that were most
used by people with TIDM.'*2%?! Therefore, a deeper
understanding is required to understand how people with
T1DM interpret and make treatment decisions in real-time
based on the usual glucose monitoring devices they use in
daily management.

The aim of this study was to investigate challenges in
glucose monitoring Ul interpretation among people with
T1DM by conducting a qualitative interview and survey



Kongdee et al.

study. We aimed to explore how they interpreted their glu-
cose monitoring Uls in real-time and determine discrepan-
cies between their perception of self-management and
actual performance.

Methods

A mixed-method study was conducted involving qualitative
interviews and a survey. Participants were asked to verbal-
ise their interpretation and decision-making process toward
glucose monitoring Uls. Subsequently, we deployed a sur-
vey to gather their perceptions of their diabetes self-
management practice.

Participants recruitment

A total of 27 participants (17 patients and 10 carers) were
recruited by convenience sampling (Table 1). Eligibility cri-
teria were as follows: clinically diagnosed with TIDM for
more than 2 years or have provided care for a person diag-
nosed with TIDM, >18 years old, used a CGM, Flash or
SMBG device and were able to speak and read in
English. We recruited participants from online diabetes
communities and through physical poster distribution on
the University of Manchester campus.

All participants received compensation in the form of a
£25 gift card. This study received an official ethical exemp-
tion approval from the Research Governance, Ethics and
Integrity Department and the University Research Ethics
Committees at the University of Manchester (Reference
number: 2023-17960-30585). No identifiable data was col-
lected in either the qualitative interviews or survey studies.

Study setting

Qualitative interview: A Think Aloud protocol**?* was

applied to understand participants’ interpretive processes
and decision-making mechanisms while reading their real-
time glucose monitoring Uls. This protocol was chosen
due to its ability to connect participants’ thinking processes
with their immediate impressions, allowing us to under-
stand their comprehension process while interpreting the
Uls. It also allows participants to talk about problems
they encounter during the interview.?>*

We manually developed glucose monitoring Uls to pre-
sent to participants using a photo editor tool to mimic vari-
ous glucose patterns that people with TIDM face in
everyday life. All Uls we developed were assessed by a
clinical diabetologist at the Manchester Royal Infirmary.
To cover a comprehensive range of glucose monitoring
devices, we included the Uls of three major glucose moni-
toring devices: Dexcom G6 (CGM device), FreeStyle Libre
2 (Flash device) and Contour Next One (SMBG device),
which are clinically prescribed by the National Health
Service (NHS) in England.>***> Each participant was

Table I. Participant demographic information.

Age
1824 0 4
25-39 16 6
40-60 | 0
Gender
Male 16 7
Female | 3
Device
Dexcom G6 3 6
FreeStyle Libre 8 |
Glucometer 6 3

Insulin therapy

Insulin pen 2 |
Insulin pump 13 9
Both insulin pen and pump 2 0

Duration of diabetes

2-5 years 3 2
6-10 years 5 4
>10 years 9 4

Familiarity with

graph/dashboard
Not at all 0 0
Slightly familiar 5 2
Moderately familiar 5 4
Very familiar 6 4
Extremely familiar | 0

AlC
% 6.7+ 0.8 6.4+05
mmol/mol 49+ 8 46+ 5
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presented with the set of Uls representative of their cur-
rently used device to minimise bias and confounding factors
from the lack of familiarity that could impact their perform-
ance.?® Consequently, the participants were divided into 3
groups: CGM group (Dexcom G6 users), Flash group
(FreeStyle Libre 2 users) and SMBG group (SMBG users).

A total of 28 Uls were developed, which will hereafter
be referred to as ‘tasks’. Ten tasks were created for the
Dexcom G6 and 10 tasks for the FreeStyle Libre
2. Regarding the Contour Next One, 8 tasks were created
due to its limited features relative to those of the CGM
and Flash devices. In addition, the final three tasks of
each set of Uls were presented to participants along with
a contextual situation to assess whether it could improve
their interpretation. Please refer to Table 5 in Appendix 1
for a detailed description of all tasks.

The one-on-one interview session was conducted by the
first author. Prior to the interview, all participants were
required to review the consent form displayed on the screen
and provide verbal consent. The researcher ticked the con-
sent box on their behalf after receiving explicit permission.
Demographic information (age, gender, glucose monitoring
device, insulin regimen, duration of diabetes, degree of
familiarity with graph/dashboard and Haemoglobin A1C
(A1C)) was obtained. The session started by giving partici-
pants a short practice session to familiarise them with the
interview method. Subsequently, participants were pre-
sented with the actual tasks. Following each task, they
were asked two questions:

IQ1. Can you tell me what’s going on in this screen?

In this question, participants were required to explain
what they saw and the meaning of the UIL. The aim was to
understand their thought process while interpreting the pre-
sented UL

1Q2. What would you do if this screen was yours?

In this question, participants were asked to specify the
treatment actions they would take in response to each pre-
sented UL

Questions were open-ended, and participants were allo-
cated unlimited time to answer verbally without the
researcher’s interference. The role of the researcher was
to listen without guiding them toward specific answers
and to ask questions for clarification only to limit any poten-
tial bias.

Microsoft PowerPoint (version 16.76.1) was used to pre-
sent each task, with one task per slide. Each slide was
inserted with a black slide in between to give participants
a moment to reset their attention and focus before seeing
the next slide.

Interviews were mainly conducted via Zoom platform
(version 5.16.0) with an option to participate in person at

the University of Manchester. No video or audio of the par-
ticipants was recorded in order to comply with institutional
ethical regulations. Instead, we opted to use an Artificial
Intelligence (AI) tool to automatically transcribe partici-
pants’ verbal responses in real-time during the interview.
Transcripts were generated using ‘tl;dv’ platform (version
2023).*° Immediately after the interview, the researcher
reviewed the transcript to ensure its correctness, and no per-
sonally identifiable participant data was recorded.

Survey study: Post interview, an anonymous survey was
sent to the same set of participants to assess their perception
of their diabetes self-management practice. The aim was to
identify any discrepancy between their perceived and actual
performance in interpretation and decision-making. The
survey was delivered using a Qualtrics platform (version
before December 6, 2023).*! The list of survey questions
is shown in Table 2.

Data analysis

In order to evaluate participants’ response accuracy, stand-
ard clinical guidance was obtained from a clinical diabetol-
ogist at the Manchester Royal Infirmary, which is primarily
based on the National Institute for Health and Care
Excellence (NICE)*? (Outlined in Table 10 and Table 11
in Appendix 4). The responses were evaluated against this
guidance and categorised into four levels:***

e All correct: the response fully aligned with the stand-
ard clinical guidance.

e Minor mistake: the response contained a minor mis-
take, partially aligned with the standard clinical
guidance.

e All incorrect: the response was incorrect and did not
align with the standard clinical guidance.

e Not mentioned: the participant did not mention the
component.

The accuracy of participants’ responses was assessed by
deconstructing them into main glucose monitoring Ul com-
ponents: graph, trend arrow, glucose number and alert ban-
ner, as shown in Figure 1, and treatment decision. In the
case of the SMBG Uls, we considered the available fea-
tures: glucose number and participants’ treatment decision.
Figure 2 depicts an example of a response evaluation
process.

The overall accuracy of interpretation and treatment
decision was analysed using the weighted average. The
‘All correct’, ‘Minor mistake’, ‘All incorrect’” and ‘Not
mentioned’” were given the weight of 2, 1, 0 and 0,
respectively.

Regarding the survey study, the survey was recorded
using the 5-point Likert scale system.>> A descriptive ana-
lysis was conducted to summarise survey results, with
data presented in percentages.
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Table 2. List of survey questions.

SQI Did you have any diabetes education courses when you or your patient were diagnosed?

To understand the level of diabetes education among patients as lack of knowledge is a major barrier to

optimal diabetes management 2’

Choices: Yes or No

SQ2 What is the blood glucose range that you feel comfortable with?

To identify if there is any bias regarding participants’ perception of optimal blood glucose range.

Open-ended

SQ3 How many times do you or your patient have hypoglycaemia episodes per week?

Number of hypoglycaemia episodes per week can be an indicator of how well participants manage their

condition.

Open-ended

SQ4 How worried are you or your patient about having hypoglycaemia?

To explore if fear of hypoglycaemia level causes bias regarding their self-management practices.

SQ5 How worried are you or your patient about having hyperglycaemia?

To explore if fear of hyperglycaemia level causes bias regarding their self-management practices.

SQ6 Do you know how your body or your patient’s body reacts to diabetes better than clinician?

To understand if participants understand their body better than clinicians and override clinician’s advice.

SQ7 How much do you or your patient follow the clinical guidance?

To explore the level of adherence to clinical guidelines among participants.

SQ8 How difficult is it for you or your patient to follow the clinical guidance?

To understand the level of difficulty in following clinical guidance among participants that could be a

barrier in following the guidance.

SQ9 How anxious are you about your own or your patient’s diabetes management?

To understand if anxiety causes bias in non-adherent behaviour among participants as reported in prior

studies.2%°

SQI10 How confident are you in your own or your patient’s diabetes self-management?

We found several responses from participants stating that they would need a healthcare provider to help

5-point scale Likert
5-point scale Likert
5-point scale Likert
5-point scale Likert
5-point scale Likert
5-point scale Likert
5-point scale Likert

with treatment actions. So, this question aimed to know if this phenomenon is caused by a lack of

confidence in diabetes management.

Results

This section presents qualitative interview results. Next, survey
results are presented. Finally, the analysis of results is dis-
cussed. Due to limited space, the complete list of qualitative
interview results is presented in Appendix 2 (Tables 6, 7 and 8).

Qualitative interview results

Task with highest misinterpretation rate: The total accuracy
of component interpretation (graph, trend arrow, glucose

number and alert banner) and treatment decision-making
was analysed. The results are shown in Figure 3.

In the CGM group, Task 4 had the highest misinterpret-
ation rate, at 25.0% with a 13.9% correct interpretation rate.
This task represented a high glucose level of 12.6 mmol/L
(Figure 4(a)). However, some participants incorrectly stated
that this level was not high glucose level, whereas a level of
more than 10.0 mmol/L is considered hyperglycaemic.
Additionally, some participants mentioned that they would
call their healthcare providers for help despite the standard
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(a) (b)

Sample response:

"The graph started at around 8 mmol/L, fell to 6, rose a bit and stayed at 6.
Then it went up very fast and it is 12.6 at the moment which is hypo. I'd just
wait for it to get better."

‘”b F 3
(126)
B mmon (C)
N Components Standard clinical guidance Score
The graph started around 8 mmol/L, then dropped to
around 6 mmol/L before slightly rising and fairly
Graph steady around 6 mmol/L. After that, it made a rapid All correct
rise and reached 12.6 mmol/L at the moment.
: Blood The current blood glucose level is 12.6 mmol/L,
"""""""""""" glucose which is considered to be in hyperglycaemia range. Minor mistake
number

Task 4: CGM Trend arrow

The two arrows point 90 degrees upwards, meaning
that the blood glucose level is significantly rising by
more than 0.2 mmol/L each minute or 5 mmol/L in

30 minutes.

Not mentioned

Treatment
decision

Give your normal insulin correction dose and check
your blood glucose level again after 1 hour.

Allincorrect

Figure 2. An example of a response evaluation process. (a) presents Task 4 of CGM group. (b) presents a sample response and (c)
shows an example of scoring process. The graph component is scored as ‘All correct’ due to its conformity to standard clinical
guidance. Next, the number component is labelled as ‘Minor mistake’ as it incorrectly states that the current glucose number is
hypoglycaemia. Further, the trend arrow is not mentioned in the sample response; therefore, it is labelled as ‘Not mentioned’. Finally,
the response is considered ‘All incorrect’ for the treatment decision as it mentions waiting for the level to be better. However, the
guidance states that the correct insulin dose should be administered, and the level should be monitored again.

guidance suggesting injecting insulin and indicating that
reaching out to healthcare providers is often unnecessary.

My glucose levels are not too high. Because for me, a healthy
range shouldn’t go beyond 14 (mmol/L)

—Task 4 (Flash group), P12 (patient)

I’'m going to check if the pump is working well and then call
the nurses. Pump and call the nurses.

—Task 4 (CGM group), P24 (carer)

In the Flash group, Task 8 gained the highest rate of mis-
interpretation at 11.1% with a 25.0% correct rate. This task
represented a low glucose level (Figure 4(b)). A contextual
scenario was also provided in which they immediately mon-
itored their glucose level after drinking a glass of sweetened
orange juice. Participants incorrectly opted for taking more
glucose to raise their glucose levels. However, this was not
recommended by standard clinical advice as the orange
juice sufficiently increased the blood glucose levels to the
target range. Consuming additional glucose could lead to
hyperglycaemia.

Finally, in the SMBG group, Task 4 gained the highest
misinterpretation rate, at 38.9% with a 38.9% correct rate.

This task displayed a high glucose level (Figure 4(c)).
The incorrect responses were identified among participants
who indicated they would make a phone call requesting
help from their healthcare providers.

Graph interpretation: We analysed the total number of
participants who correctly interpreted the glucose graph in
all tasks. The results are shown in Figure 5. Overall, the
results indicated that 56.7% of participants in the CGM
group accurately interpreted the glucose graphs, while
73.3% did so in the Flash group.

A closer observation revealed that Task 8 in CGM and
Flash groups (Figure 6(a)) gained the least correct graph
interpretation rate, 11.1% and 55.6%, respectively. In this
task, participants were presented with a contextual scenario
in which they read glucose levels immediately after consum-
ing a glass of sweetened orange juice. Misinterpretations
arose, with participants mistakenly assuming that glucose
levels would rise immediately after drinking the orange
juice. In fact, it takes time for the body to absorb the juice
and increase the blood glucose level.

I will ... quick trip to the hospital to see my GP because that’s
kind of unusual because if | just had an orange juice you know

my glucose levels to be going up not down.

—Task 8 (Flash group), P1 (patient)
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CGM Flash CGM Flash SMBG CGM Flash SMBG CGM Flash SMBG CGM Flash SMBG

100.0%

27.8% 27.8%

52.8%

58.3%
70.0% | 622% | | ga 0 61.1%

11.1%

50.0%

Level of accuracy (%)

20.0%

10.0%

Task6 Task7 Task 8 Task9 Task
10
Task number

m Allcorrect  m Minor mistake  [JAllincorrect [ Not mentioned

Figure 3. The overall accuracy of participants’ interpretation combined with their treatment decision accuracy. The results are
presented by tasks across all device groups.

Based on the demographic data, participants who reported We also received some feedback highlighting that the
a high degree of familiarity with graphs and/or dashboards glucose graph in CGM was challenging to comprehend
did not consistently achieve the highest levels of accuracy. and interpret as it required background knowledge. A
In fact, some participants who reported having slight to mod-  participant mentioned that due to their struggles with
erate familiarity with graphs and/or dashboards outperformed mathematics, interpreting the graph was difficult for
those who reported having a very high familiarity. them.
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Task 4 Task 8
A owGLucose 1327
352,
‘o
CGM Flash

Figure 4. Tasks received highest misinterpretation rate: Task 4
in CGM (a) and SMBG groups (c), Task 8 in ash group (b).’

I think the numbers are quite understandable for me to just fol-
low down the graph. I wasn’t very good in mathematics back in
school, so it’s kind of very, I just kind of get more definite
understandings from the numbers.

—P10 (patient)

Glucose number interpretation. In all tasks across CGM and
Flash groups, as shown in Figure 5, we observed a low num-
ber of participants mentioning the glucose number. Among
those who did, did not provide correct interpretation.
Specifically, within the CGM group, 14.4% of participants
accurately identified the glucose reading, and 6.7% did so
in the Flash group. Regarding the SMBG group, 72.2% of
participants interpreted the glucose number correctly.
Following a more detailed analysis, the CGM group had
no participants who correctly interpreted the glucose num-
ber in Tasks 6, 7 and 9. Also, Task 7 for the Flash group.
In case of the SMBG group, Task 8 gained 44.4% correct
responses, the lowest rate among other tasks. These tasks
represented a variety of glucose readings (Figure 7). It
was observed that incorrect responses were from partici-
pants’ misinterpretation of high, low, and in-target glucose
ranges. Additionally, a prevalent misconception was that
healthy glucose levels should not exceed 14.0 mmol/L,
whereas the recommended level is less than 10.0 mmol/L.

Trend arrow interpretation. Figure 5 shows that a 7.8% and
6.1% of participants within the CGM and Flash groups,
respectively, were able to accurately interpret the meaning
of trend arrow. However, the rates of ‘Not mentioned’
responses were relatively high, over 90.0%, for both
CGM and Flash groups.

Alert banner interpretation: In Task 6, the Ul had an
alert message displayed at the top of the screen as the device
detected a rapid change in glucose level, requiring timely
attention (Figure 8). Regarding the Flash group, none of
the participants mentioned this component. Similarly, in
the CGM group, one participant mentioned and correctly
interpreted it (100.0%). This component obtained the high-
est ‘Not mentioned’ rate among other components.

Treatment decisions. In the CGM group, 43.3% of partici-
pants made correct decision on treatment actions, 36.7% in
the Flash group and 31.9% in the SMBG group (Figure 5).

Figure 11 shows that the tasks representing the in-target
glucose range gained relatively higher correct interpretation
rates than other tasks across all device groups. These tasks
were Tasks 2 and 5 in the CGM and Flash groups and Task
5 in the SMBG group.

Furthermore, Tasks 1 and 4 (CGM group) had no correct
responses from participants, as did Tasks 1, 3, 4 and 6
(Flash group) and Tasks 3 and 7 (SMBG group)
(Figure 9). Our observation revealed that incorrect treat-
ment decisions were from participants who mentioned
that they would make a call to healthcare providers for
help. For example, in Task 4 (Figure 9(b)), representing
high glucose level, a carer stated they would call a nurse
for help if the glucose level reached 12.0 mmol/L.

I would try to calibrate my pump in order to shoot them all ...
I’'m also trying to put a call to my healthcare provider. First, I
try to find a way to her But basically I'm going to call first to
know, kind of get some advice on what to expect.

—Task 4 (Flash group), P2 (patient)

There were similar responses received in other tasks
where participants opted to make a phone call to their
healthcare providers.

...1if'it’s high you need to ask for help. So, I’ll do what is right
by asking for help.

—Task 7 (SMBG group), P21 (carer)

I will call the nurses because the, it was normal then it like went
down and it’s very low right now. So I will call the nurses.

—Task 1 (CGM group), P29 (carer)

In critical situations, when the device displayed a
‘HIGH’ or ‘HI’ reading (Figure 9(c)), a participant could
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CGM Flash CGM Flash SMBG CGM Flash CGM Flash CGM Flash SMBG
100.0%
5.6% 28%
13.9%
90.0% | 3.3 R 17.8%
5.6%
30.6%
S0.0% 31.1%
= 4.0%
.Q\, 70.0% 43.3%
>
[@)
E 60.0%
g 88.9% —— o 88.9%
P 50.0% 100.0%
[T,
o
— 40.0%
(]
5 7.8%
— 300%
43.3%
20.0% 36.7%
31.9%
10.0% 14.4%
0.0%
Graph Glucose Trend arrow | Alert banner | Treatment decision
number
Component
M Allcorrect @ Minor mistake [JAllincorrect [ Notmentioned

Figure 5. The overall accuracy of participants’ responses. The data are presented by components: graph, glucose number, trend arrow and

treatment decision.

Task 8

o550

CGM

@

o900 1%

Flash

(b)

Figure 6. Glucose graphs in Task 8 for CGM (a) and flash (b)

groups.

not recognise the meaning of this reading. While others did
not know what treatment actions to take.

I don’t understand the reading. I don’t know what to do

—Task 3 (SMBG group), P3 (patient)

Task 6 Task 7
|
1012,
CGM Flash
Task 9 Task 8
4 SMBG
CGM

Figure 7. Tasks received no correct response in glucose number
interpretation. For CGM: Tasks 6, 7 and 9. For Flash: Task 7. For
SMBG: Task 8.

... so probably when I start feeling a bit uncomfortable, I might
just, you know, start to dial up for emergency service, you
know, to kind of notify them.
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10
Task 6
(a) A 2.9 mmol/L within 20 minutes
CGM
(b) ! GLUCOSE GOING LOW 13:27
Flash

Figure 8. Alert banner displayed in Task 6 for CGM and flash
Uls.

Task 1 Task 4

Flash

Task 7

SMBG

(®

Flash

(d)

Flash

Figure 9. Tasks that received no correct responses in treatment
decisions across all device groups.

—Task 3 (Flash group), P2 (patient)

Survey study results

Of the total number of participants (n =27), we received
responses from 20 participants, and the remaining 7 partici-
pants did not respond (The full result table is provided in
Table 9 in Appendix 3).

Over half (55.0%, n=11/20) of respondents reported
attending a diabetes education course at the time of their
diagnosis (SQ1). Participants indicated varying preferences
for their comfortable glucose range, with none adhering to
the recommended guideline of 3.9—10.0 mmol/L (SQ2).

The majority (70.0%, n=14/20) experienced hypogly-
caemia episodes 1-2 times per week (SQ3), while half

(50.0%, n=10/20) expressed ‘slight’ concern about this
issue (SQ4). Additionally, 30.0% (n = 6/20) reported being
‘not at all’ concerned about experiencing hyperglycaemia
episodes (SQ5).

Nearly half (45.0%, n=9/20) felt they understood their
bodies moderately less than their clinician (SQ6). A signifi-
cant majority (85.0%, n=17/20) stated they ‘strongly fol-
low clinical guidance’ (SQ7), with over half (55.0%, n=
11/20) finding it ‘not difficult at all’ to adhere to these
guidelines (SQ8).

Regarding anxiety, most participants (45.0%, n=9/20)
reported ‘slight levels of anxiety’ related to diabetes man-
agement (SQ9). Lastly, the majority (75.0%, n=15/20)
expressed being ‘very confident’ in their self-management
practices (SQ10).

Result analysis

The total rate of each level of accuracy was analysed and
shown in Figure 10. The results suggested that the SMBG
group had the highest rate of ‘All correct’ responses at
52.1%. However, this group also had the highest rate of
‘All incorrect’ responses at 18.1%. In addition, the CGM
and Flash groups had an equal rate of ‘All correct’
responses, each at 30.1%, while the CGM group had twice
as many incorrect responses as the Flash group (10.6% and
5.1%, respectively).

The accuracy of overall interpretation and treatment
decisions is presented in Table 3. The results indicated
that the average accuracy in interpretation was similar
across all device groups. Moreover, the average accuracy
in treatment decisions was consistently low and indicated
a high variance.

We sought to determine whether higher interpretation
accuracy resulted in better treatment decisions. For
example, as shown in Figure 11, Task 10 in the CGM group
had the highest correct interpretation rate, yet its corre-
sponding treatment decision accuracy was not higher than
Tasks 2, 5, 6, 8 and 9. Similarly, in the Flash group, Task
3 had the highest interpretation accuracy, yet it gained the
lowest accuracy rate in treatment decisions. In the SMBG
group, Task 7 had a 44.4% correct interpretation rate but
a 4.9% correct rate in treatment decisions.

To further analyse this, Pearson’s correlation coefficient
(r) was used to determine the correlation between interpret-
ation accuracy and treatment decisions. The results are
shown in Table 4.

The results suggested that there was no significant rela-
tionship between these two aspects among all three groups.
Therefore, high interpretation accuracy did not translate to
better choices in deciding the treatment actions.

According to participants’ responses, mentioning con-
tacting healthcare providers, it was found that the majority
of the responses were made by carers. Across all groups,
nine carers and five patients chose to call their healthcare
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Figure 10. Number of responses categorised by level of accuracy for all three groups: CGM, flash and SMBG. The data are presented

in percentages.

providers in several tasks, resulting in 51.9% (n=14/27) of
the total number of participants.

When analysing the qualitative interview with the survey
results, notable discrepancies were found. A total of 75.0%
of respondents expressed a very high confidence in their
diabetes self-management, and 85.0% reported that they
strongly followed the clinical guidance. In contrast, our
interview response analysis indicated that treatment
decision-making was the part that gained a consistently
low accuracy rate among all participants, as discussed earl-
ier. These findings suggest that many individuals may
unknowingly perform inappropriate treatment interventions
over a prolonged period.

Discussion

In this study, we explored glucose monitoring Uls interpret-
ation and corresponding decision-making in people with
T1DM based on their familiar devices. Our findings indi-
cate that these tasks remain challenging for people with
T1DM, particularly in making appropriate treatment deci-
sions to keep their glucose levels within the target range.
Moreover, we found discrepancies in patients’ perceptions
of their own self-management practices and their actual per-
formance observed in this study.

This work reveals that people with TIDM face chal-
lenges when interpreting and deciding on treatment actions
from glucose monitoring devices, regardless of using the

device they are familiar with. It was observed that the high-
est rate of incorrect responses was in making treatment deci-
sions, particularly within the carers. Surprisingly, many
concerning responses were found in the carer cohort, with
several participants mentioning the need to call a healthcare
provider or ambulance for situations that could be addressed
by following clinical guidance. This is not only troubling
but also leads to an inefficient utilisation of medical
resources and and places further strain on the already over-
burdened NHS service.*®*” The possible explanation for
this might be the fact that almost half of the participants
reported not having received diabetes education courses,
which leaves them uncertain about self-managing their con-
dition and reliant on healthcare providers for guidance. In
addition, some studies have identified that the lack of con-
fidence in self-management is one of the barriers to imple-
menting appropriate treatment actions in people with
TIDM.*** As a result, individuals might be uncertain
about acting independently and may subsequently need to
call their healthcare providers for advice.

Furthermore, less than half of the total responses regard-
ing treatment decisions did not fully align with standard
clinical guidance or failed to follow relevant recommenda-
tions, potentially leading to medical emergencies. For
example, in Task 3 in CGM and Flash groups, when the
glucose reading was HIGH, one of the crucial recom-
mended clinical guidance was to check ketone levels.
However, none of the participants mentioned checking
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Table 3. Average accuracy of interpretation and treatment
decision and corresponding standard deviation value. The results
are presented in percentages for all device groups.

CGM 380%+ 11.1% 21.5% + 15.6%
Flash 39.5% +8.8% 21.2% + 14.0%
SMBG 33.3% +7.8% 18.0% + 13.2%

ketone levels, which could increase the risk of developing
Diabetic Ketoacidosis (DKA) and potentially result in fatal-
ities.>*® Further research should explore strategies for
encouraging people with T1DM to adhere to clinical guide-
lines in order to enhance their ability to respond appropri-
ately in critical situations.

In addition, we found that there are some components in
the Uls that participants did not mention during the inter-
view session. In Task 6, the alert message on the CGM
and Flash Uls was mostly disregarded, followed by the
trend arrow. One participant mentioned the alert message
in CGM but none in Flash, probably because the one in
Flash looks like regular text and does not stand out as a ban-
ner at the top of CGM. This finding could suggest that par-
ticipants either did not mention them or intentionally
disregarded these elements. In the latter case, it is worth
exploring why these elements were ignored and reassessing
their usefulness for people with TIDM.”#!=*

Another finding was the contradiction between parti-
cipants’ responses and the survey results. Most partici-
pants reported that they strongly followed clinical
guidance, had very high confidence in their diabetes
management, and stated that it was not difficult to fol-
low the guidance at all. However, their interview
responses did not align with clinical guidance.
Interestingly, our results appear to contradict a study
conducted by Alvarado-Martel et al.,?® in which patients
reported encountering difficulties in following treatment
recommendations and experiencing high levels of anx-
iety in diabetes management.

One unanticipated finding was that high accuracy in Uls’
interpretation did not correspondingly lead to high accuracy
in treatment decisions. Our results suggest that the tasks
with a relatively high rate of correct interpretation do not
correspondingly receive highly correct treatment actions,
except in the tasks that represent in-range glucose levels.
Moreover, the level of accuracy of the tasks that we pro-
vided with contextual situations did not improve their per-
formance. Therefore, decision-making in glucose
management seems to be the major issue among people
with T1DM regardless of their level of comprehension of
their glucose monitoring device.

Table 4. Correlation score between interpretation and
treatment decision. Statistical significance was set at a=.05.

Treatment decision

Interpretation Pearson’s r —0.041
P-value 910
Flash group
Treatment decision
Interpretation Pearson’s r 0.053
P-value .884
SMBG group
Treatment decision
Interpretation Pearson’s r —0.590
P-value 123

We observed that almost half of the participants did not
receive fundamental diabetes education courses. This could
explain the deviation from standard clinical decision-
making guidance, specifically treatment actions. It is
reported in a prior study that lack of knowledge and health
literacy is one of the biggest obstacles to diabetes manage-
ment.?” Alternatively, it could be possible that they had
been practising incorrect self-management because they
had a wrong perception of their diabetes management. A
more recent study** observed the Dunning—Kruger effect,
a cognitive bias when individuals overestimate their abil-
ities and fail to recognise their lack of knowledge,** on peo-
ple’s health literacy and their perceived ability to manage
their health condition. They found that participants who
had low health literacy showed greater confidence in their
health-related knowledge than participants who had higher
health literacy, and this also translated into poorer health
behaviours.** They suggested that this phenomenon could
be due to the Better than Average effect, where people
tend to evaluate themselves as superior to their average
peers.*® An in-depth analysis of this effect revealed that
people who overestimated their actual performance tended
to have a lack of metacognitive skills and the ability to
accurately judge their own performance, making them mis-
calibrate their ability.*’

Another theory suggests that people subjectively inter-
pret their risk information based on their values and cogni-
tive biases. Their personal beliefs about their perceived risk
act as a reference point through which they view a profes-
sional’s risk assessment.*® Therefore, reliance on their
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own beliefs could be a reason for the deviation from clinical
guidelines.

This study has some limitations. First, the small number
of participants and the use of convenience sampling due to
the low prevalence of this population. This may limit the
generalisability of the findings to the broader population.
Whilst the demographic presented here is varied, we believe
future studies should be run on a larger scale to reflect the
T1DM population as a whole. Second, the carer group is
connected to the same community and probably received
similar training, which could lead to similar responses and
sampling bias. Lastly, our calculation of accuracy levels
was based on the proportion of mentioned responses, which
could result in a high accuracy level albeit one person men-
tioned a particular component. Future work should consider
addressing the issue in treatment decision-making in people
with T1DM. There is a need for an intervention to help them
manage their condition more appropriately to avoid having
medical complications.

Conclusion

This study investigated the challenges faced by people with
T1DM in interpreting and making treatment decisions
based on their glucose monitoring devices. The notable
finding of this study is that there was a high variability in
interpretation and treatment action accuracies among
CGM, Flash and SMBG groups. Despite this, there was a
consistently low accuracy in deciding treatment action to
manage their blood glucose level. However, participants
reported a very high confidence in their diabetes self-
management and strongly believed they adhered to clinical
guidelines. These findings highlight the discrepancy
between participants’ perception and their actual perform-
ance. Therefore, the current glucose monitoring Uls need
significant improvement in data presentation to reduce the
burden required for interpretation. Future research could
explore various approaches for presenting data in a manner
that people with TIDM can easily comprehend and enable
them to translate the interpretation into more accurate treat-
ment decisions.
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Appendix
Appendix |

All 28 Uls of three glucose monitoring devices we pre-
sented to participants.

Table 5. Three sets of glucose monitoring Uls presented to participants during the interview session. The Uls comprised three devices:
Dexcom Gé6 (CGM group), FreeStyle Libre 2 (Flash group) and Contour Next One (SMBG group).

Level | hypoglycaemia: To determine whether participants could
TASK 1 accurately choose the appropriate treatment actions when the
— glucose level was slightly below the target range.
38> Expectation: It was expected that deciding on treatment actions at
e this glucose level would be slightly challenging for participants, as
they may struggle to decide the necessary actions or even neglect to
take action.

Dexcom G6 FreeStyle Libre 2

Contour Next One

In-target range glucose level: To assess whether participants could

TASK 2 accurately interpret and respond to an in-target range glucose level.
R Cscose e =) This task does not include the SMBG U], as it was already included in
> 6.27. Task 5 in order to avoid duplication.
- . Expectation: It was expected that participants would accurately
interpret this glucose level as it was the in-target range and required

* no actions at present.

............................ /'\o

3

Dexcom G6 FreeStyle Libre 2

Significantly high glucose level: To examine participants’ ability to identify
TASK 3 the ‘HI’ reading on the glucose monitoring Ul, which means the level
& nonawcose ; is higher than the device can display and needs immediate attention.

(OUT OF RANGE)

Additionally, it sought to determine if participants could select
appropriate treatment actions to bring their glucose level back to
the in-target range in this critical situation. Expectation: It was
expected that participants would immediately recognise this reading
and the graph as they clearly indicate that this glucose level is

. significantly high and requires immediate attention.

Dexcom G6 FreeStyle Libre 2

Contour Next One

(continued)
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Table 5. Continued.

High glucose level: To assess participants’ ability to identify elevated

TASK 4 glucose levels. Despite being less severe than the previous task, this
] = is still considered a hyperglycaemia episode, potentially leading to
1267, health complications. Therefore, the aim was to determine whether
A . participants could select appropriate treatment actions to lower
- @ their glucose levels.
Expectation: It was expected that participants would correctly

interpret and take treatment actions in this task, given their
familiarity with taking insulin daily to maintain blood glucose within
the in-target range.

Dexcom G6 FreeStyle Libre 2

In-target range glucose level: To assess whether participants could

TASK 5 accurately interpret and respond to an in-target range glucose level.
P = Expectation: It was expected that participants would accurately
87> interpret this glucose level as it was in-target range and required no
o8 mmoi

actions at present.

Dexcom G6 FreeStyle Libre 2

i
-
O]
-

»

Contour Next One

Alert banner: This task has an alert message appearing at the top of the
TASK 6 screen. It occurs when the device detects a rapid change in glucose
level that needs timely attention. This Ul sought to know if
participants paid attention to the message, correctly described the
e 4-4-*»m meaning of the message and decided on appropriate treatment
- ) actions to take. This task does not include the SMBG Ul because it
does not offer the alert banner functionality as CGM and Flash.
Expectation: It was expected that participants would accurately
interpret and make treatment actions in this task as the alert
message clearly indicates that glucose level is decreasing (FreeStyle
Libre 2) within a specific time frame (Dexcom Gé). It was anticipated
that the alert message would be the element that most participants
would notice and mention.

" cucoseconcion
A 2.9 mmolL within 20 minutes 2!

Dexcom G6 FreeStyle Libre 2

(continued)
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Table 5. Continued.

Dexcom G6 FreeStyle Libre 2

Contour Next One

TASK 8
A LoweLucose 1327

* 3572

mmol/L

Dexcom G6 FreeStyle Libre 2

Contour Next One

TASK 9

A\ HIGH GLUCOSE. 18:27

15.4v,

@

Dexcom G6 FreeStyle Libre 2

Contour Next One

Level I hyperglycaemia: To determine whether partici pants could

accurately choose the appropriate treatment actions when the
glucose level was slightly above the target range. Deciding on actions
becomes challenging at this glucose level, as they may struggle to
decide the necessary actions or may even neglect to take action.
Expectation: It was expected that deciding on actions would be
slightly challenging for participants at this glucose level, as they may
struggle to decide the necessary actions or even neglect to take
action.

Low glucose level with contextual detail: A reading after drinking a glass of

sweetened orange juice: To determine participants’ understanding of
how glucose in orange juice affects their blood glucose and their
ability to predict the potential increase in blood glucose levels
accurately. If participants decide to take more glucose, it could lead
to a hyperglycaemia episode. Additionally, the aim was to examine
whether providing contextual information enhanced their
interpretation and treatment decision-making process.

Expectation: It was expected that participants would correctly
interpret and take treatment actions in this task as they have to keep
their blood glucose in the target range to prevent hypoglycaemia in
daily routines. It was conjectured that providing contextual detail
would help them make the decisions easier.

High glucose level with contextual detail: A reading after a meal, which a

bolus insulin was injected 30 minutes before: To determine participants’
understanding of bolus insulin’s effect before a meal and correctly
anticipate the potential drop in blood glucose level. If participants
decided to take more insulin, it could lead to a hypoglycaemia
episode. Additionally, the aim was to examine whether providing
contextual information enhanced their interpretation and treatment
decision-making process.

Expectation: It was expected that participants would correctly
interpret and take treatment actions in this task, given their
familiarity with administering insulin daily to maintain blood glucose
within the target range. It was conjectured that providing contextual
detail would help them make the decisions easier.

(continued)
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Table 5. Continued.

Low glucose level with contextual detail: A reading before going for a I-hour
TASK 10 walk: To determine if participants understood how physical exercise
affects blood glucose levels. It was expected that participants would

| GLUCOSE IN RANGE 13:27
recognise the optimal blood glucose level for exercise, which is 7—12
: 72.;)»m mmol/L. In this case, participants should recheck their glucose level
. — T after 30—60 minutes of walking to see if extra carbohydrates are
needed to avoid a hypoglycaemia episode. Additionally, the aim was
' to examine whether providing contextual information enhanced

their interpretation and treatment decision-making process.

. Expectation: It was expected that participants might find this task
&__{ somewhat challenging because of the complexity of understanding
. the effects of physical activity on blood glucose levels. It was
—— conjectured that providing contextual detail would help them make
the decisions easier.

600 00 %

Dexcom G6 FreeStyle Libre 2

Contour Next One
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Appendix 2

Qualitative interview results
CGM group

Table 6. CGM group qualitative interview results. The data are presented in percentages.

All correct 444 333 0.0 - 0.0
I Minor mistake 444 1.1 0.0 - 333
All incorrect 0.0 .1 0.0 - 66.7
Not mentioned 1.1 444 100.0 - 0.0
All correct 55.6 333 1.1 - 100.0
2 Minor mistake 1.1 .1 0.0 - 0.0
All incorrect 0.0 0.0 0.0 - 0.0
Not mentioned 333 55.6 88.9 - 0.0
All correct 77.8 0.0 1.1 - 1.1
3 Minor mistake 1.1 0.0 0.0 - 222
All incorrect 0.0 0.0 0.0 - 66.7
Not mentioned 1.1 100.0 88.9 - 0.0
All correct 444 1.1 0.0 - 0.0
4 Minor mistake 444 0.0 0.0 - 1.1
All incorrect 0.0 1.1 0.0 - 88.9
Not mentioned 1.1 77.8 100.0 - 0.0
All correct 77.8 1.1 0.0 - 88.9
5 Minor mistake 1.1 .1 0.0 - .1
All incorrect 1.1 0.0 0.0 - 0.0
Not mentioned 0.0 77.8 100.0 - 0.0
All correct 66.7 0.0 222 1.1 444
6 Minor mistake 1.1 1.1 0.0 0.0 0.0
All incorrect 1.1 1.1 0.0 0.0 0.0
Not mentioned 1.1 77.8 77.8 88.9 55.6
All correct 55.6 0.0 0.0 - 1.1
7 Minor mistake 1.1 1.1 0.0 - 1.1

(continued)
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Table 6. Continued.

All incorrect .1 333 0.0 - 77.8
Not mentioned 222 55.6 100.0 - 0.0
All correct .1 .1 1.1 - 77.8
8 Minor mistake 1.1 0.0 0.0 - 1.1
All incorrect 1.1 0.0 0.0 - 1.1
Not mentioned 66.7 88.9 88.9 - 0.0
All correct 55.6 0.0 1.1 - 88.9
9 Minor mistake 0.0 1.1 0.0 - 1.1
All incorrect 0.0 0.0 0.0 - 0.0
Not mentioned 444 88.9 88.9 - 0.0
All correct 77.8 444 1.1 - 1.1
10 Minor mistake 0.0 0.0 0.0 - 88.9
All incorrect 0.0 .1 0.0 - 0.0
Not mentioned 222 444 88.9 - 0.0
Flash group

Table 7. Flash group qualitative interview results. The data are presented in percentages.

All correct 77.8 222 0.0 - 0.0
| Minor mistake 1.1 1.1 0.0 - 88.9
All incorrect 0.0 0.0 0.0 - .1
Not mentioned 1.1 66.7 100.0 - 0.0
All correct 77.8 .1 1.1 - 100.0
2 Minor mistake 1.1 0.0 0.0 - 0.0
All incorrect 0.0 .1 0.0 - 0.0
Not mentioned 1.1 77.8 88.9 - 0.0
All correct 66.7 0.0 55.6 - 0.0
3 Minor mistake 0.0 0.0 0.0 - 66.7
All incorrect 0.0 0.0 0.0 - 222

(continued)
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Table 7. Continued.

Not mentioned 333 100.0 444 - 1.1
All correct 66.7 .1 0.0 - 0.0
4 Minor mistake 1.1 0.0 0.0 - 77.8
All incorrect 0.0 1.1 0.0 - 222
Not mentioned 222 77.8 100.0 - 0.0
All correct 100.0 .1 0.0 - 100.0
5 Minor mistake 0.0 0.0 0.0 - 0.0
All incorrect 0.0 0.0 0.0 - 0.0
Not mentioned 0.0 88.9 100.0 - 0.0
All correct 66.7 0.0 0.0 0.0 0.0
6 Minor mistake 1.1 0.0 0.0 0.0 77.8
All incorrect 0.0 0.0 0.0 0.0 222
Not mentioned 222 100.0 100.0 100.0 0.0
All correct 66.7 0.0 0.0 - 222
7 Minor mistake 1.1 1.1 0.0 - 44.4
All incorrect 0.0 0.0 0.0 - 333
Not mentioned 222 88.9 100.0 - 0.0
All correct 55.6 0.0 0.0 - 444
8 Minor mistake 1.1 0.0 0.0 - 1.1
All incorrect 0.0 0.0 0.0 - 444
Not mentioned 333 100.0 100.0 - 0.0
All correct 66.7 0.0 0.0 - 88.9
9 Minor mistake 0.0 0.0 0.0 - 0.0
All incorrect 1.1 0.0 0.0 - .1
Not mentioned 222 100.0 100.0 - 0.0
All correct 88.9 1.1 0.0 - .1
10 Minor mistake 0.0 0.0 0.0 - 77.8
All incorrect 0.0 0.0 0.0 - .1

Not mentioned 1.1 88.9 100.0 - 0.0
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SMBG group

All correct

Minor mistake

All incorrect

Not mentioned

All correct

Minor mistake

All incorrect

Not mentioned

All correct

Minor mistake

All incorrect

Not mentioned

All correct

Minor mistake

All incorrect

77.8

222

0.0

0.0

77.8

0.0

66.7

0.0

333

0.0

66.7

333

0.0

333

55.6

0.0

0.0

44.4

55.6

0.0

333

44.4

88.9

0.0

0.0

(continued)

Table 8. Continued.

Table 8. SMBG group qualitative interview results. The data are _

presented in percentages.

Not mentioned

All correct

Minor mistake

All incorrect

Not mentioned

All correct

Minor mistake

All incorrect

Not mentioned

All correct

Minor mistake

All incorrect

Not mentioned

All correct

Minor mistake

All incorrect

Not mentioned

0.0

100.0

0.0

0.0

0.0

44.4

0.0

0.0

55.6

55.6

0.0

0.0

444

88.9

0.0

0.0

0.0

444

55.6

0.0

55.6

222

222

0.0

88.9

0.0

0.0
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Appendix 3

Survey results

Table 9. Questionnaire survey results from 20 respondents.

SQI. Did you have any diabetes
education courses when you or
your patient were diagnosed?

SQ2. What is the blood glucose range
that you feel comfortable with?

SQ3. How many times do you or your
patient have hypoglycemia episodes
per week?

SQ4. How worried are you or your
patient about having hypoglycemia?

SQ5. How worried are you or your
patient about having hyperglycemia?

SQ6. Do you know how your body or
your patient’s body reacts to
diabetes better than clinician?

SQ7. How much do you or your
patient follow the clinical guidance?

SQ8. How difficult is it for you or your
patient to follow the clinical
guidance?

SQ9. How anxious are you about your
own or your patient’s diabetes
management?

SQ10. How confident are you in your
own or your patient’s diabetes
self-management?

Yes (%)

55.0

3.9-10.00 mmol/L

0.0
0 time
25.0

Not worried
at all

10.0

Not worried
at all

30.0

Much less
than my
clinician

10.0

Strongly
ignore

0.0

Not difficult at
all

55.0

Not anxious
at all

5.0

Not confident
at all

0.0

1-2 times
70.0

Slightly worried

50.0

Slightly worried

20.0

Moderately less
than my
clinician

45.0

Some what
ignore

0.0

Slightly difficult

15.0

Slightly anxious

45.0

Slightly confident

0.0

No (%)
45.0
Others
100.0
Others
5.0

Moderately
worried

10.0

Moderately
worried

15.0
About the
same

5.0

Neither follow
nor ignore

0.0

Moderately
difficult

20.0

Moderately
anxious

20.0

Moderately
confident

25.0

Very worried

10.0

Very worried

10.0

Moderately more
than my
clinician

35.0

Some what follow

15.0

Very difficult

10.0

Very anxious

15.0

Very confident

75.0

Extremely
worried

20.0

Extremely
worried

25.0

Much more
than my
clinician

5.0

Strongly follow

85.0

Extremely
difficult

0.0

Extremely
anxious

15.0

Extremely
confident

0.0
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Appendix 4

The standard clinical guidance for CGM and Flash groups
The standard clinical guidance for SMBG group

Table 10. Standard clinical guidance for CGM and Flash groups. The guidance is deconstructed to graph, glucose number, trend arrow

and treatment decision.

The arrow points straight to Confirm low sensor blood

| The graph started at just
below 10.0 mmol/L, then
decreased, slightly rose and
steadied at around 3.9
mmol/L. It finally fell to 3.8
mmol/L at the moment.

2 The graph started around 9.0
mmol/L, then slightly
increased to just below
10.0 mmol/L. The trend
smoothly decreased to 6.2
mmol/L at the moment.

3 The graph started at around
9.0 mmol/L, then quickly
rose to just below 10.0
mmol/L before quickly
dropping to around 6
mmol/L. After that, it
increased to around 7.0
mmol/L and then made a
slight drop before rapidly
rising to above 22.2 mmol/
L at the moment.

4 The graph started around 8.0
mmol/L, then dropped to
around 6.0 mmol/L before
slightly rising and fairly
steady around 6.0 mmol/L.
After that, it made a rapid
rise and reached 12.6
mmol/L at the moment.

5 The graph started from
around 13.0 mmol/L, then
quickly rose to just above
14.0 mmol/L and dropped
to around 10.0 mmol/L
before slightly rising again.
It had a drop to around 6.0
mmol/L followed by rising
to around 8.0 mmol/L and
steadied at 8.7 mmol/L
until now.

6 The graph started at around
8.0 mmol/L. It then made a
slight rise followed by a
small drop. Next, the

The current blood glucose
level is 3.8 mmol/L, which is
considered to be in
hypoglycaemia zone.

The current blood glucose
value is 6.2 mmol/L, which
is within the target range.

The sensor reading now is
‘HIGH’ meaning that the
blood glucose level is higher
than 22.2 mmol/L

The current blood glucose
level is 12.6 mmol/L which
is considered to be in
hyperglycaemia range.

The current blood glucose
level is 8.7 mmol/L which is
within the target range.

The two arrows point down,
meaning that glucose level is
significantly falling by more

the right, meaning that the
glucose level is steady.

The arrow points up 45°,
meaning that the blood
glu- cose level is rising
between 0.06-0.1 mmol/L
each minute or up to 3.4
mmol/L in 30 minutes.

The arrow points up 45°,
meaning that the blood
glucose level is rising
between 0.06—0.1 mmol/L
each minute or up to 3.4
mmol/L in 30 minutes.

The two arrows (CGM) and
one arrow (Flash) point
90° upwards, meaning
that the blood glucose
level is significantly rising
by more than 0.2 mmol/L
each minute or 5.0 mmol/
L in 30 minutes.

The arrow points straight to

the right meaning that the
glucose level is steady.

The current glucose level is

4.4 mmol/L which is in the

target range.

glucose level by using SMBG.
If the sensor is correct, take
15-20 g of carbohydrates
and check again in

|15 minutes. If the level is still
low, take more 15-20 g of
fast-acting carbohydrates.

Do nothing for now and wait
for 2 hour before checking
the level again.

Take normal insulin correction

dose and check for ketone
levels. If ketone levels are
elevated, please follow
sick-day management.

Take normal insulin correction
dose and check the blood
glucose level again after
| hour.

Do nothing for now.

Take |5 g of carbohydrate now
and check the blood glucose
level again 15 minutes later. If
the level is still low, take 15—

(continued)
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Table 10. Continued.

graph rose to just below
10.0 mmol/L, then fell to
around 9.0 mmol/L. The
graph steadied before
making a rapid fall to 4.4
mmol/L at the moment and
is continuing to decrease.
Alert message: The alert
message says 2.9 mmol/L
within 20 minutes,
suggesting that in the next
20 minutes, glucose level
will be falling to 2.9 mmol/L
or lower.

7 The graph started from
around 7.0 mmol/L and
steadied around this level.
Then, it quickly rose to
around 9.0 mmol/L before
rising again to around 10.0
mmol/L and steadied at
10.1 until now.

8 The graph started at around
1.0 mmol/L, then made a
quick rise before rapidly
falling to around 3.9 mmol/
L and steadied there until
now.

9 The graph started around
12.0 mmol/L, then rapidly
dropped to just above 6.0
mmol/L and dropped again
to around 3.9 mmol/L.
After that, it significantly
rose to around 2| mmol/L
and rapidly dropped to
15.4 mmol/L at the
moment.

10 The graph started at around
10.0 mmol/L, then rose to
around 12.0 mmol/L and
dropped to around 7.0
mmol/L and steadied at 7.2
mmol/L until now.

than 1.0 mmol/L in the next

20 minutes.

The current blood glucose is
10.1 mmol/L which is
slightly above the target
range.

The current blood glucose is
3.5 mmol/L which is
considered to be in
hypoglycaemia zone.

The current blood glucose is
15.4 mmol/L, which is
considered to be in
hyperglycaemia zone and is
a significantly high glucose
level.

The current blood glucose is
7.2 mmol/L which is
considered to be in-target
range.

The arrow points up 45°,
meaning that blood
glucose level is rising
between 0.06—0.1 mmol/L
each minute or up to 3.4
mmol/L in 30 minutes.

The arrow points up 45°,
meaning that the blood
glucose level is rising
between 0.06 and 0.1
mmol/L each minute or up
to 3.4 mmol/L in
30 minutes.

The two arrows point down,
meaning that the glucose
level is rapidly falling by
more than .0 mmol/L in
the next 20 minutes.

The arrow points straight to
the right, meaning that the
glucose level is steady.

20 g of fast-acting
carbohydrate.

Take normal insulin correction
dose and check the blood
glucose level again after
2 hours.

Wait for |5 minutes. If the
blood glucose value is still
low, take 15-20 g of
fast-acting carbohydrates.

Wait and see for the insulin to
start working.

For exercising, an optimal
blood glucose level is 7.0—
12.0 mmol/L. So, the patient
can go for a walk without
taking extra carbohydrates.
Check the blood glucose
level again after 30—

60 minutes in case extra
carbohydrate is needed to
treat low blood glucose level
when exercise.
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Table Il. Standard clinical guidance for SMBG group. The guidance is deconstructed to glucose number and treatment decision.

The current blood glucose is 3.8 mmol/L, which is
considered to be in hypoglycaemia zone.

The current blood glucose reading is ‘HIGH’, which means
significant hyperglycaemia.

The current blood glucose is 3.8 mmol/L, which is
considered to be in hyperglycaemia zone and is very high
blood glucose.

The current blood glucose is 7.4 mmol/L, which is
considered to be within the target range.

The current blood glucose is 10.1 mmol/L, which is slightly
above the target range.

The current blood glucose is 3.5 mmol/L, which is
considered to be in hypoglycaemia zone.

The current blood glucose is 15.4 mmol/L, which is
considered to be in hyperglycaemia zone and is a
significantly high blood glucose.

The current blood glucose is 7.2 mmol/L, which is
considered to be within the target range.

Take 15-20 g of carbohydrates immediately. Check the blood
glucose value again in 15 minutes. If the value is still low,
take fast-acting carbohydrates.

Take normal insulin correction dose and check ketone levels.
If the ketone level is elevated, please follow sick-day
management.

Take normal insulin correction dose and check the blood
glucose value again after | hour.

Do nothing for now. Wait for 2 hours and check the blood
glucose value again.

Take normal insulin correction dose and check the blood
glucose value again after 2 hours.

Wait for |5 minutes. If the blood glucose value is still low, take
15-20 g of fast-acting carbohydrates.

Do nothing for now. Check the blood glucose value again after
3—4 hours after the meal to see if a correction dose is
needed.

If the blood glucose value is 7.0—12.0 mmol/L without having a
hypoglycaemia episode 6 hours before, do not take any
extra carbohydrates. If a patient recently had a
hypoglycaemia episode, check the value again after
30 minutes of walking to see if extra carbohydrate is
needed.
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