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Abstract: Introduction: Type 1 Diabetes (T1D) presents self-management challenges, requiring an
additional 180 daily decisions to regulate blood glucose (BG) levels. Despite the potential, T1D-
focused applications have a 43% attrition rate. This work delves into the willingness of people
living with T1D (PwT1D) to use technology. Method: An online questionnaire investigated the
current practices for carbohydrate estimation, nutritional tracking, and attitudes towards technology
engagement, along with hypothetical scenarios and preferences regarding technology use. Results:
Thirty-nine responses were collected from PwT1D (n = 33) and caregivers (1 = 6). Nutrition reporting
preferences varied, with 50% favoring ‘type and scroll” while 30% preferred meal photographing.
Concerning the timing of reporting, 33% reported before meals, 55% after, and 12% at a later time.
Improved Time in Range (TIR) was a strong motivator for app use, with 78% expressing readiness to
adjust insulin doses based on app suggestions for optimizing TIR. Meal descriptions varied; a single
word was used in 42% of cases, 23% used a simple description (i.e., “Sunday dinner”), 30% included
portion sizes, and 8% provided full recipes. Conclusion: PwT1D shows interest in using technology to
reduce the diabetes burden when it leads to an improved TIR. For such technology to be ecologically
valid, it needs to strike a balance between requiring minimal user input and providing significant
data, such as meal tags, to ensure accurate blood glucose management without overwhelming users
with reporting tasks.

Keywords: nutrition reporting; type 1 diabetes; T1D; mHealth; self-management; technology; apps;
bolus targeting solution (BTS)

1. Introduction

Type 1 Diabetes (T1D) is an autoimmune condition characterized by the inhibition
of insulin production and the body’s inability to self-regulate blood glucose (BG) levels
within optimal levels [1]. Managing T1D involves self-monitoring and self-management
to maintain target BG levels, focusing on carbohydrate counting to determine the re-
quired exogenous insulin for post-meal BG control [1,2]. This need to self-manage requires
people living with T1D (PwT1D) to make an additional 180 daily decisions to regulate
their BG levels [3]. Therefore, diabetes-related technology and applications (apps) have
emerged as valuable resources in alleviating this burden [4]. Carbohydrate counting, often
deemed challenging, frequently leads to errors, even with commonly consumed foods [5].
Consequently, T1D management apps, or digital logbooks [6], predominantly focus on
carbohydrate logs and diet recording to manage insulin dosing but often lack the adaptive
feedback needed to offer accurate personalized decision support [7,8]. Despite the benefits
for BG control demonstrated by the use of nutrition reporting platforms [9], challenges
persist in estimating portion sizes and usability, particularly in non-English-speaking popu-
lations [10-13]. While the error rate in carbohydrate estimation varies based on individual
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skill, food complexity, and measurement accuracy, it is estimated to be 25%, which directly
impacts BG control and ultimately the time spent within the target blood glucose range of
3.9-10 mmol/L (Time in Range (TIR)) [14-18]. Diabetes-targeted apps have been proven
to enhance disease-specific knowledge and complication awareness by monitoring BG,
insulin doses, and carbohydrate intake [19,20]. However, despite the reported benefits,
challenges include reporting burdens and obstacles to sustained user engagement, with
app usage declining once users reach their desired goals, such as an improved TIR [9,11].
Improved TIR goals are linked to a reduction in complication risk and improved patient
outcomes, including lower HbAlc and improved quality of life [21,22].

This study seeks to proactively assess the level to which PwT1D are willing to engage
with technology for an indefinite period. Further, it seeks to identify if a tool, offering accu-
rate BG prediction and increased TIR, could motivate PwT1D to engage with technology
and provide more detail.

2. Materials and Methods

The study employed a cross-sectional, single-center design with participants recruited
through social media groups that specifically target PwT1D. In addition, PwT1D who
were known to the research lab were contacted and asked to complete the online survey.
Recruitment materials outlined the purpose of the study and directed potential participants
to an online questionnaire hosted on the Qualtrics platform [23]. Participants were provided
with a participant information sheet and provided electronic consent before proceeding
with the questionnaire. The study was approved on 13 June 2022, by the University of
Manchester, Department of Computer Science Institutional Ethics Committee (2022-14254-
23883). Data collection occurred between August 2022 and November 2023.

The questionnaire developed for this research, consisted of three main sections. The
first section (Q1-Q6) aimed to collect information on participants’ current practices re-
lated to carbohydrate estimation, nutritional tracking, and attitudes toward technology
engagement. Participants were asked about their clinical diagnosis of T1D or their support
for a family member with T1D. Multiple-choice questions were used to ascertain current
practices regarding carbohydrate calculation tools, portion size determination, and tracking
of nutrients other than carbohydrates. Additionally, a Likert scale [24]-type question as-
sessed participants’ stress levels associated with carbohydrate counting. The second section
(Q7-Q09) of the questionnaire explored hypothetical scenarios of recording nutritional intake
at varying levels of nutrition reporting detail when different levels of TIR are promised.
Using a standardized food example of ‘Hawaiian pizza’, participants were presented with
multiple-choice questions accompanied by optional open-text responses to determine the
level of detail they would be willing to use to report their nutritional intake to achieve an
improved TIR.

The third section (Q10 and Q11) focused on participants’ preferences and experiences
regarding the use of technology for tracking nutritional intake. Practical aspects of food
reporting were assessed using multiple-choice questions concerning the method and timing
of reporting. Participants were also asked to list, in natural detail, the foods they consumed
most often (Q12). Demographic and baseline clinical information collected included the
respondent’s current age, age at diagnosis of T1D (either for themselves or the person they
care for), and, if available, the latest HbAlc result (Q13 and Q14). A charitable donation to
Diabetes UK was made for each completed survey.

The specific questions posed to participants, along with response options, are provided
in Appendix A.

3. Results

The study yielded 39 responses, of which 33 individuals had a T1D diagnosis and 6
cared for someone living with a T1D diagnosis. This includes children and adults who
require support in managing their BG levels (Table 1).
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Table 1. Demographic characteristics and clinical profile of the study population.

No. of Responses

Diagnosis of Type 1 Diabetes:

Self 33
I support a family member with T1D 6
Duration of diabetes:
0-5 years 5
5-10 years 0
10-15 years 0
15+ years 28
Not reported 6
Average HbAlc 6.8 £ 1.6%
Age of PwT1D at the time of the questionnaire:
0-9 3
10-14 0
15-24 0
25-34 7
35-44 6
45+ 18
Not reported 5

This work considers nutrition reporting to be in the context of real-time decision-
making to determine appropriate insulin dosing. The most practical method of nutrition
reporting (Figure 1) was found to be ‘type and scroll” type reporting (manually inputting
foods eaten or searching for preloaded foods), i.e., selecting foods from a list, which was
preferred by 50% of the respondents. The preference of the other methods included ‘taking
and uploading photographs’ of a meal, preferred by 30%, and ‘speaking into a virtual
assistant (VA) (e.g., Alexa)’ was preferred by 15%, while 5% indicated a preference to
not report. Regarding the timing of reporting (Figure 2), 33% preferred reporting before
consuming the meal, while 55% suggested it would be more effective to report after the
meal, and 12% of participants indicated reporting their daily intake at a later stage (i.e., all

at once at the end of the day).

30%

No. of responses (%)

Type / scroll in app Take Pictures

Speak to VA

Other

Figure 1. Preferred method of use to record food intake when using nutrition reporting apps: ‘type
and scroll” was the most used, followed by uploading photographs; speaking into a device was the
least preferred method.
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No. of reposnses (%)

12%

Before Meal Afer meal Later stage

Figure 2. The reported habit of using nutrition reporting apps to record food intake. Reporting food
intake after the event was considered the most practical.

Figure 3 highlights the reported engagement with nutrition reporting apps: 16%
reported regular use, and 34% reported using a nutrition reporting app and then stopping.
The most common method for determining the carbohydrate content of a meal (Figure 4)
was using the information on the nutrition label (37%), supported by using ‘estimation of
the quantity present’ (48%) (Figure 5) to determine portion size. Previous experience was
used to estimate the carbohydrate content (36%) (Figure 4), and the weight of the portion in
conjunction with the carbohydrate content was used to determine the carbs per serving by
39% of respondents (Figure 5). Carbs and Cals [25] (a visual reference guide to determine
carbohydrate content of foods) was used by 18% of respondents, and nutrition reporting
apps (6%) were the least common source of information to determine carbohydrate content
(Figure 4). The use of household measures to calculate carbohydrate content per portion
was used by 9% of the respondents (Figure 5). Other methods of calculating carbs per
portion relied on experience or specific quantities (e.g., one biscuit (Figure 5)).

34%
S
s
%
=
[92]
o
8
2
ks
)
Z
Used, then stopped ~ Use for specific Use religiously Never used

purpose

Figure 3. The reported engagement with nutrition reporting applications. There were varying levels of
engagement with nutrition reporting applications among respondents. The largest segment, representing
34%, indicates individuals who have used these applications in the past but have since stopped.
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18%

No. of responses (%)

Carbs and  Nutrition appsNutrition label Estimate from Don’t calculate
Cals experience carbs

Figure 4. Distribution of information sources used to determine the carbohydrate content of food
present in the meal. Reading off the nutrition label was the most common source of carbohydrate
information, followed by estimations from previous experience. Less frequently used tools include
‘carbs & cals’ and nutrition reporting apps.
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Figure 5. Preferred methods of determining portion size and carbohydrate content of the food
consumed. Visual estimations were the most commonly used method, followed by weights and then
household measures. Other* includes previous experience and specific quantities (i.e., 1 biscuit).

In terms of the burden of nutrition reporting (Figure 6), 36% considered it ‘stressful,
but manageable’, 11% found it an ‘absolute nightmare’, 7% considered it ‘easy’, and 46%
‘did not feel strongly either way’ about carbohydrate counting. Participants were asked
to describe commonly consumed foods in their natural level of detail (this could be as
simple as ‘cheese sandwich’ or as detailed as ‘sandwich with whole meal bread, Emmental
cheese, pickle, and mayonnaise’). A single word to describe the food consumed was used
in 42% of cases, while a ‘simple description’ (i.e., Sunday dinner) was used in 23% of cases.
Quantifiers, either number of portions or portion weight, were used in 30% of the meals
reported. Other reporting styles, used by 8%, included a detailed description of the meal
(i.e., “Wholegrain burrito with ground beef, tomato, bell pepper, black beans. Toppings:
guacamole and creme fraiche”).
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It's easy, I'm happy to do it'
0,

0

Do not feel strongly

Stressful, but not eithfé"}v v
undoable' o
36%

'It's an absolute nightmare'
11%

Figure 6. Overall perceptions of food reporting for people living with T1D. Ranging from ‘Easy,
happy to do it through to an “An absolute nightmare’.

It was seen that an app offering >70% TIR was appealing and a motivation for use for
89% of the respondents (Figure 7).

No, 11%
Yes, 89%
Yes, 78%

No of responses (%)

Would you adjust your medication dosage Would you engage with technology more if
based off app recommendations (if TIR promised an increased TIR (>70%)
>70% was promised)

Figure 7. Motivation for engagement with technology: 78% of respondents would adjust medication
dosages on a recommendation from an app if a >70% TIR was promised, while 22% would consult with
a medical team before following the app recommendations. In terms of increasing the detail of reporting,
89% would engage with technology more and provide more detail to achieve an increased TIR.

When questioned about the level of reporting detail deemed acceptable to achieve
TIR, it was seen to not change with an increased TIR (Figure 8). In addition, should the app
suggest medication adjustments to optimize TIR, 78% of respondents indicated they would
modify insulin doses to optimize TIR, while 22% would consider adjusting the medication
dose after considerable consultation with their medical team.



Nutrients 2024, 16, 1690 7 of 14

Current reporting practice
12
11 m Feasible detail for 75% TIR

m Feasible detail for 85% TIR

No of Responses

3
-
- - BE BE ren
o c 5] < o L = > 7 > >
N E 80 § o0 8 o 2L .5 TE€ EBEg
N pt= N == = O - (= @D
N @([3 © R S & N S 3. o > @ ¢ 8 S 2 5
= 2 N o 8 2 - 2z N s = 8 < o 9 .o 8 @ 27T;
T g SN o0 T om & g g N 5% S o5 . 8cB
T & 2 & S T 2Ra C2f FEZ $<E8Q
g @ = @ g = I P T
© ) <2} £ T g ®E o2

Figure 8. Level of detail in nutrition reporting considered feasible with increasing accuracy of
prediction and improved TIR. Ranging from a single word or a more detailed recording (“pizza” or
“Hawaiian pizza”), including quantity in either grams or servings (“100 g” or “3 slices”), or including
quantity, brand, and food type (“3 slices of large (individual /12”) pizza from Pizza Hut").

4. Discussion

The analysis of the results obtained from the study outlines perceptions and prefer-
ences for methods surrounding nutrition reporting among PwT1Ds and their caregivers.
The results of this work reveal there is a range of preferred methods of reporting and tools
used to determine the carbohydrate content and size of the meal. This holds implications
for the design and implementation of nutrition reporting tools and technologies. For an app
to encourage long term engagement, personalized reporting methods should be considered.

In terms of the timing of reporting (Figure 2), a majority of participants (55%) suggested
that reporting after the meal would be preferential compared to reporting before consuming
the meal or reporting daily intake at a later stage. This preference for post-meal reporting
could be due to the convenience and accuracy of reporting actual consumption rather than
planned intake. However, in. the context of using nutrition reporting for insulin dose
decision making, reporting intake after the event would be problematic.

The level of detail in nutrition reporting varied among respondents, with a majority
opting for simple descriptors to describe the food consumed. Current reporting practices
of reporting the quantity and brand of food consumed are shown to be the ceiling for the
detail of reporting deemed acceptable, regardless of the success offered by the app. Overall,
the findings underscore the importance of understanding user preferences, behaviors, and
challenges in nutrition reporting among individuals with T1D and their caregivers. These
insights can inform the development of tailored interventions and support tools to enhance
the management of T1D and improve the user experience in nutrition reporting.

Diabetes apps are typically assessed across six categories: self-monitoring, education,
alerts, reminders, social media integration, and personal health record synchronization.
However, due to variations in personalities and preferences, achieving a universally ef-
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fective solution for app requirements is challenging [26]. Despite the identified optimal
features for diabetes self-management apps, many available apps fail to incorporate them
adequately, leading to poor long-term engagement [26]. Notably, free apps, which are
often utilized by individuals with low health literacy and socioeconomic status, tend to
lack features that enhance usability and understanding [27]. Even with this gap in T1D-
focused apps, the work presented here indicates that PwT1D are motivated to engage with
technology, showing that in developing ecologically viable technology, consideration of
human interaction to meet users’ needs is needed [28]. Integrated mobile apps have shown
reductions in HbA1lc, but usability issues and time demands often lead to decreased user
retention [29].

Quantifying engagement with apps poses challenges, with metrics like opening the
app and time spent inside being used [30]. When investigating mHealth interventions,
80% of research participants engage with the minimal standard (logging in < twice), with a
small proportion consistently using the app [8]. Attrition rates in short-term study periods
exceed 30% for nutrition-focused apps and 20% for T1D self-management apps [8,13],
indicating a significant challenge in retaining users in real-world settings [28]. This supports
the findings presented here, with only 16% of respondents reporting to use nutrition
reporting apps religiously, vs. 34% using an app for a period of time before stopping
and 28% using an app for specific functions (i.e., changing diet or body shape). Clinician
referrals for apps have shown increased engagement, but issues persist with inaccurate
reporting, particularly in those with poorly controlled BG values [11,31].

When viewing T1D as a data-driven disease, the psychological burden is often over-
looked, and due to this burden, patients often do not document self-management aspects
of the treatment plan [32]. Engagement with general nutrition reporting apps relies heavily
on the time and effort required for data input [33]. Justifications for low engagement, even
in a motivated person, include that the positive aspects of the interface do not generate
enough enthusiasm for active and frequent usage. It has also been noted that standard data
visualization often creates confusion and increases cognitive overload [11]. To enhance
user retention and cater to a wider audience, self-management tools offering varying levels
of engagement, including food identification from images, have been proposed. Despite
advancements in self-management tools, challenges remain in balancing simplicity and
accuracy, with gamification strategies potentially yielding counterproductive effects [11,34].

The results from this work support the idea that carbohydrate content remains the
primary focus of nutrition reporting among PwT1D, given its direct impact on BG varia-
tion [1,35]. This focus results in the frequent inclusion of food diaries and carbohydrate
tracking features found in T1D-focused apps [19,36]. While weighted food diaries are
considered the ‘gold-standard’ [37], digital diaries offer various input methods [38], with
“type and scroll” being preferred by the respondents of this study. Image-based methods of
nutrition reporting, which were shown as a popular method of reporting in this work, offer
advantages but struggle with food isolation and portion size estimation accuracy, especially
with complex meals. It has been shown that carbohydrate estimation between image-based
and traditional methods differs by 8 grams per day [39]. The variety of preferences in
reporting methods shown here is supported in part by other research, which shows the
choice of how to report nutritional information varies depending on demographic charac-
teristics [40] and the input features offered by the app of choice [41]. Portion size estimation
has emerged as a prominent source of error in both electronic and manual food diaries.
Using visual estimation, as shown to be the preferred method of determining portion size in
this work, is prominent to human error and reliant on the dish on which the meal is served
in complex meals [42,43]. There are limitations associated with how foods are uploaded
into apps, typically involving manual text searches or barcode scanning [5] and the natural
and technological limitations of image-based methods [44].

The accuracy of nutrition reporting is based in part on memory, suggesting the method
used and time between consuming food and reporting are important [45]. In PwT1D,
using food reporting to determine the correct dose of bolus insulin needed to manage
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the glycemic response to the meal and compiling all the nutritional information toward
the end of the day or at a later time may potentially influence TIR. This work shows
that Pw T1D would prefer to report after the meal was consumed; this may be after
consumption (55%), or at the end of the day (12%), which could affect the efficacy of the
app if being used for T1D self-management, having an impact on postprandial glycemic
control and decreasing TIR. In the context of nutrition reporting applications, obstacles to
sustained utilization encompass the manual initiation of data recording, indicating that
the mode of data collection may influence the motivation for prolonged engagement [46].
Notably, PwT1D tend to discontinue app usage upon achieving BG stability, diminishing
the longevity of their involvement [11]. The impediments to sustained long-term usage can
be systematically classified into several domains: individual factors (such as goals, settings,
goal striving, motivation, routines, and lack of awareness or knowledge), technological
aspects (including app features, usability, trustworthiness, technical issues, and financial
costs), (non)-intended outcomes, and the social environment [46].

The results of this work suggest that offering a solution that requires a minimum
amount of information from the user while providing considerable data (such as a meal
tag that represents the meal as a whole) would allow for accurate BG management while
limiting the burden of reporting. While additional work is needed to ascertain the exact
features needed to retain users in the long term, offering an improved TIR is suggested as a
motivator for increased engagement.

Using mobile nutrition reporting applications allows for food intake to be recorded in
real time with remote access by HCPs to online food diaries, push reminder notifications,
and the habitual nature of carrying a mobile phone around to encourage the continuous
monitoring of intake [47]. This work supports the notion that the level of engagement with
nutrition reporting platforms is motivated by the success of the outcome (i.e., increased
TIR). However, obstacles to sustained utilization of nutrition reporting apps include manual
data initiation and discontinuation upon achieving BG stability [11,46]. These obstacles can
be categorized into individual factors, technological aspects, (non-)intended outcomes, and
the social environment [46].

Limitations and Future Work

One limitation of this study is the low number of responses received, which may affect
the generalizability of the findings. Other limitations of this study include the nature of the
data collection (an online questionnaire), meaning one cannot fully describe the population
and may be subject to bias [48]. There was no exclusion of individuals with poor literacy
skills, although the online format may have attracted a more literate demographic. Despite
this, participants unfamiliar with concepts like ‘'Hawaiian pizza’ were not excluded, though
data analysis was limited to completed surveys, implying respondents were likely familiar
with the examples provided. The methodology lends itself to a more technologically skilled
individual, as increased use of technology has been linked to improved glycemic control
in PwT1D [49]. Having this skill bias ingrained in the methodology results in limitations
in extrapolating the results to the entire T1D population. To build on these findings, an
in-person interview may allow for a more in-depth understanding of the motivations and
barriers to engaging with technology for nutrition reporting purposes.

Future work should assess the integration of personalized features, such as real-
time health insights and adaptive notifications, to better motivate users to increase app
engagement for T1D management. Understanding and addressing the factors contributing
to dropout rates, such as usability challenges, a lack of sustained motivation, and missing
features or actionable advice, will be crucial for developing more effective and user-friendly
diabetes management apps. The ultimate vision is to develop an ecologically viable BG
prediction model that integrates seamlessly into the daily lives of people living with T1D,
empowering them with precision and convenience in disease management.
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5. Conclusions

In conclusion, this research investigates the receptiveness of PwT1D towards self-
management applications focusing on nutritional tracking. It underscores the potential of
advancing technology to alleviate the challenges of T1D management but highlights a gap
between identified effective features and available applications. The study reveals a strong
willingness among T1D patients to adopt technology, particularly for tracking nutrition,
driven by the promise of improved TIR. This enthusiasm underscores the importance of
developing technology that seamlessly integrates into daily life. Moving forward, this
research provides valuable insights to inform the development of ecologically viable tools
aimed at enhancing the T1D management experience, envisioning a future marked by
personalized, precise, and convenient care.
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Appendix A

Table Al. Questions and answering options presented to participants via the Qualtrics Platform.

Q1: Have you been diagnosed with Type 1 Diabetes?

° Yes, I have a clinical diagnosis of Type 1 Diabetes
e  No, but I support a family member with a clinical diagnosis of Type 1 Diabetes
e  No, neither myself nor a family member has a clinical diagnosis of Type 1 Diabetes

Q2: How do you currently work out the amount of carbohydrates you are eating in a meal? (select
all that apply)

Carbs and Cal (book or app)

Nutrition reporting app, i.e., MyFitnessPal (please indicate the app used)
Reading off the nutrition label on food packaging

Rough estimation based on previous experience

I do not use carbohydrate content in my daily blood glucose management

Q3: When thinking about calculating the carbohydrates present in a meal, how do you measure
your food? (select all that apply)

° Household measures (i.e., tablespoons, cups, etc.)

e  Either weigh on a scale or weight taken directly from packaging
e  Visual Estimations

e  Other, please specify:

Q4: If you record your food intake, how do you feel about it? (Likert Scale)

1 = Do not feel strongly either way
3 =1It’s easy, I am happy to do it

5 = Stressful, but not undoable

7 =1It’s an absolute nightmare
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Table Al. Cont.

Q5: Do you track/report any other nutrition information (i.e., total energy or vitamins and minerals)?

e  Yes, I track everything

No, these do not impact blood glucose levels

Sometimes, when trying something new or trying to change body shape
This is not something I have considered doing

Q6: If you think about engaging with technology around your nutritional intake, what would be
the most practical way for you to do this?

Type/Scroll and select from the food items in a smartphone app
Take pictures of the meals and upload to a smartphone app
Speak into a device (i.e., Siri or Alexa)

Other:

Q7: Following on from the above scenario, to what level of detail would you record your
nutritional intake if you were to report it by typing/scrolling or using a voice- activated interface
(let us use a Hawaiian pizza as an example)? You can choose from the below options:

Record it as “Pizza”

Record it as “Hawaiian pizza”

Record it as “3 slices of large (individual/12”) pizza”

Record it with the brand or restaurant included, i.e., “3 slices of large (individual/12") pizza
from Pizza Hut”

100 g of “Pizza”

100 g of “Hawaiian Pizza”

Other, please specify:

Q8: If providing more detail of the food you eat would allow an application to offer improved
blood glucose control. Ensuring an HbA1C of 7% and at least 75% time in blood glucose target
range. To what level of detail would you be willing to record your nutritional intake.

Record it as “Pizza”

Record it as “Hawaiian pizza”

Record it as “3 slices of large (individual /12”) pizza”

Record it with the brand or restaurant included, i.e., “3 slices of large (individual /12”) pizza
from Pizza Hut”

100 g of “Pizza”

100 g of “Hawaiian Pizza”

Other, please specify:

QO9: If providing more detail of the food you eat would allow an application to offer improved
blood glucose control. Ensuring an HbA1C of below 6.5% and at least 80% time in blood glucose
target range. To what level of detail would you be willing to record your nutritional intake.

Record it as “Pizza”

Record it as “Hawaiian pizza”

Record it as “3 slices of large (individual /12”) pizza”

Record it with the brand or restaurant included, i.e., “3 slices of large (individual/12”) pizza
from Pizza Hut”

100 g of “Pizza”

100 g of “Hawaiian Pizza”

Other, please specify:

Q10: If you were to make use of an application to report your nutritional intake, what would be
the most effective way to report the information?

Input the information BEFORE a meal or snack

Input the information AFTER a meal or snack

Input all the information for the day at a later stage (i.e., at the end of the day or the
next morning)
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Table Al. Cont.

Q11: If you currently use/have used technology to track nutritional intake. What was
your experience?

e  Useit to track more than 80% of meals and snacks

e  Used it for a few weeks, then lost interest and stopped

e  Used it often for a while, now use it from time to time to get a better understanding of what
is eaten in a day or if patterns change and re-evaluation is needed

e Thave never used technology to track my nutritional intake

Q12: Thinking about the foods you eat most often (no need to fill in all the spaces). List them
below in the amount of detail you would naturally use. For example, this can be as
straightforward as a sandwich or as detailed as ham and cheese sandwich on whole wheat with
margarine and mayo or anything in between.

Q13: Are you willing to share your HbA1c results with us and your current treatment plan? If yes,
please answer the below:

Latest HbAlc result

Carb-to-Insulin Ratio

Total Units of Insulin

Daily Insulin used

No, I do not wish to share this information

Q14: How old were you, or your family member, when diagnosed with Type 1 Diabetes?

0—4 years of age
5-10 years of age
11-15 years of age
16-20 years of age
20+ years of age

References

1.

10.

11.

12.

Smith, T.A.; Blowes, A.A; King, B.R.; Howley, P.P.; Smart, C.E. Families” Reports of Problematic Foods, Management Strategies
and Continuous Glucose Monitoring in Type 1 Diabetes: A Cross-sectional Study. Nutr. Diet. 2021, 78, 449-457. [CrossRef]
[PubMed]

Atkinson, M. A ; Eisenbarth, G.S.; Michels, A.W. Type 1 Diabetes. Lancet 2014, 383, 69-82. [CrossRef] [PubMed]

JDREF: Type 1 Diabetes Facts and Figures. Available online: https:/ /jdrf.org.uk/information-support/about-type-1-diabetes/
facts-and-figures/ (accessed on 6 October 2022).

Prahalad, P.; Tanenbaum, M.; Hood, K.; Maahs, D.M. Diabetes Technology: Improving Care, Improving Patient- Reported
Outcomes and Preventing Complications in Young People with Type 1 Diabetes. Diabet. Med. 2018, 35, 419-429. [CrossRef]
[PubMed]

Alfonsi, J.E.; Choi, E.E.Y.; Arshad, T.; Sammott, S.-A.S.; Pais, V.; Nguyen, C.; Maguire, B.R.; Stinson, ]J.N.; Palmert, M.R.
Carbohydrate Counting App Using Image Recognition for Youth With Type 1 Diabetes: Pilot Randomized Control Trial. JMIR
mHealth uHealth 2020, 8, €22074. [CrossRef] [PubMed]

JDRF: Apps for Managing Type 1 Diabetes. Available online: https://jdrf.org.uk/knowledge-support/managing-type-1-
diabetes/guide-to-type-1-diabetes-technology/apps-for-managing-type-1-diabetes/ (accessed on 12 April 2024).

Chen, |.; Lieffers, J.; Bauman, A.; Hanning, R.; Allman-Farinelli, M. The Use of Smartphone Health Apps and Other Mobile Health
(mHealth) Technologies in Dietetic Practice: A Three Country Study. J. Hum. Nutr. Diet. 2017, 30, 439-452. [CrossRef] [PubMed]
Stevens, S.; Gallagher, S.; Andrews, T.; Ashall-Payne, L.; Humphreys, L.; Leigh, S. The Effectiveness of Digital Health Technologies
for Patients with Diabetes Mellitus: A Systematic Review. Front. Clin. Diabetes Healthc. 2022, 3, 936752. [CrossRef] [PubMed]
Rankin, D.; Harden, J.; Barnard, K.; Bath, L.; Noyes, K.; Stephen, J.; Lawton, J. Barriers and Facilitators to Taking on Diabetes
Self-Management Tasks in Pre-Adolescent Children with Type 1 Diabetes: A Qualitative Study. BMC Endocr. Disord. 2018, 18, 71.
[CrossRef] [PubMed]

Hood, M.; Wilson, R.; Corsica, J.; Bradley, L.; Chirinos, D.; Vivo, A. What Do We Know about Mobile Applications for Diabetes
Self-Management? A Review of Reviews. J. Behav. Med. 2016, 39, 981-994. [CrossRef] [PubMed]

Katz, D.S,; Price, B.A.; Holland, S.; Dalton, N.S. Data, Data Everywhere, and Still Too Hard to Link: Insights from User Interactions
with Diabetes Apps. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems, Montreal, QC,
Canada, 21 April 2018; ACM: New York, NY, USA; pp. 1-12.

Lucassen, D.A.; Willemsen, R.F.; Geelen, A.; Brouwer-Brolsma, E.M.; Feskens, E.].M. The Accuracy of Portion Size Estimation
Using Food Images and Textual Descriptions of Portion Sizes: An Evaluation Study. J. Hum. Nutr. Diet. 2021, 34, 945-952.
[CrossRef] [PubMed]


https://doi.org/10.1111/1747-0080.12630
https://www.ncbi.nlm.nih.gov/pubmed/33006273
https://doi.org/10.1016/S0140-6736(13)60591-7
https://www.ncbi.nlm.nih.gov/pubmed/23890997
https://jdrf.org.uk/information-support/about-type-1-diabetes/facts-and-figures/
https://jdrf.org.uk/information-support/about-type-1-diabetes/facts-and-figures/
https://doi.org/10.1111/dme.13588
https://www.ncbi.nlm.nih.gov/pubmed/29356074
https://doi.org/10.2196/22074
https://www.ncbi.nlm.nih.gov/pubmed/33112249
https://jdrf.org.uk/knowledge-support/managing-type-1-diabetes/guide-to-type-1-diabetes-technology/apps-for-managing-type-1-diabetes/
https://jdrf.org.uk/knowledge-support/managing-type-1-diabetes/guide-to-type-1-diabetes-technology/apps-for-managing-type-1-diabetes/
https://doi.org/10.1111/jhn.12446
https://www.ncbi.nlm.nih.gov/pubmed/28116773
https://doi.org/10.3389/fcdhc.2022.936752
https://www.ncbi.nlm.nih.gov/pubmed/36992773
https://doi.org/10.1186/s12902-018-0302-y
https://www.ncbi.nlm.nih.gov/pubmed/30316299
https://doi.org/10.1007/s10865-016-9765-3
https://www.ncbi.nlm.nih.gov/pubmed/27412774
https://doi.org/10.1111/jhn.12878
https://www.ncbi.nlm.nih.gov/pubmed/33761165

Nutrients 2024, 16, 1690 13 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Teixeira, V.; Voci, S.M.; Mendes-Netto, R.S.; da Silva, D.G. The Relative Validity of a Food Record Using the Smartphone
Application MyFitnessPal: Relative Validity of a Smartphone Dietary Record. Nutr. Diet. 2018, 75, 219-225. [CrossRef]

Brazeau, A.S.; Mircescu, H.; Desjardins, K.; Leroux, C.; Strychar, I.; Ekoé, ].M.; Rabasa-Lhoret, R. Carbohydrate Counting Accuracy
and Blood Glucose Variability in Adults with Type 1 Diabetes. Diabetes Res. Clin. Pract. 2013, 99, 19-23. [CrossRef] [PubMed]
Tascini, G.; Berioli, M.; Cerquiglini, L.; Santi, E.; Mancini, G.; Rogari, F; Toni, G.; Esposito, S. Carbohydrate Counting in Children
and Adolescents with Type 1 Diabetes. Nutrients 2018, 10, 109. [CrossRef] [PubMed]

Battelino, T.; Danne, T.; Bergenstal, RM.; Amiel, S.A.; Beck, R.; Biester, T.; Bosi, E.; Buckingham, B.A.; Cefalu, W.T.; Close,
K.L.; et al. Clinical Targets for Continuous Glucose Monitoring Data Interpretation: Recommendations from the International
Consensus on Time in Range. Diabetes Care 2019, 42, 1593-1603. [CrossRef]

Gabbay, M.A.L.; Rodacki, M.; Calliari, L.E.; Vianna, A.G.D.; Krakauer, M.; Pinto, M.S.; Reis, ].S.; Pufiales, M.; Miranda, L.G;
Ramalho, A.C.; et al. Time in Range: A New Parameter to Evaluate Blood Glucose Control in Patients with Diabetes. Diabetol.
Metab. Syndr. 2020, 12, 22. [CrossRef] [PubMed]

Buck, S.; Krauss, C.; Waldenmaier, D.; Liebing, C.; Jendrike, N.; Hogel, J.; Pfeiffer, B.M.; Haug, C.; Freckmann, G. Evaluation
of Meal Carbohydrate Counting Errors in Patients with Type 1 Diabetes. Exp. Clin. Endocrinol. Diabetes 2022, 130, 475-483.
[CrossRef] [PubMed]

Kebede, M.M.; Pischke, C.R. Popular Diabetes Apps and the Impact of Diabetes App Use on Self-Care Behaviour: A Survey
among the Digital Community of Persons With Diabetes on Social Media. Front. Endocrinol. 2019, 10, 135. [CrossRef] [PubMed]
Tsang, M.W.; Mok, M.; Kam, G.; Jung, M.; Tang, A.; Chan, U. Improvement in Diabetes Control with a Monitoring System Based
on a Hand-Held, Touch-Screen Electronic Diary. . Telemed. Telecare 2001, 7, 47-50. [CrossRef] [PubMed]

Agiostratidou, G.; Anhalt, H.; Ball, D.; Blonde, L.; Gourgari, E.; Harriman, K.N.; Kowalski, A.].; Madden, P.; McAuliffe-Fogarty,
A H.; McElwee-Malloy, M.; et al. Standardizing Clinically Meaningful Outcome Measures Beyond HbAlc for Type 1 Diabetes: A
Consensus Report of the American Association of Clinical Endocrinologists, the American Association of Diabetes Educators, the
American Diabetes Association, the Endocrine Society, JDRF International, The Leona M. and Harry B. Helmsley Charitable Trust,
the Pediatric Endocrine Society, and the T1D Exchange. Diabetes Care 2017, 40, 1622-1630. [CrossRef] [PubMed]

Aleppo, G.; Gal, R.L.; Raghinaru, D.; Kruger, D.; Beck, RW.; Bergenstal, R.M.; Cushman, T.; Hood, K.K.; Johnson, M.L.; McArthur,
T.; et al. Comprehensive Telehealth Model to Support Diabetes Self-Management. JAMA Netw. Open 2023, 6, €2336876. [CrossRef]
[PubMed]

Qualtrics 2022. Available online: https://www.qualtrics.com/uk (accessed on 16 August 2022).

Likert, R.; Roslow, S.; Murphy, G. A Simple and Reliable Method of Scoring the Thurstone Attitude Scales. J. Soc. Psychol. 1934, 5,
228-238. [CrossRef]

Carbs&Cals. Available online: https:/ /carbsandcals.com (accessed on 11 April 2024).

Martinez-Millana, A.; Jarones, E.; Fernandez-Llatas, C.; Hartvigsen, G.; Traver, V. App Features for Type 1 Diabetes Support
and Patient Empowerment: Systematic Literature Review and Benchmark Comparison. JMIR mHealth uHealth 2018, 6, e12237.
[CrossRef] [PubMed]

Caburnay, C.; Graff, K.; Harris, J.; McQueen, A.; Smith, M.; Fairchild, M.; Kreuter, M. Evaluating Diabetes Mobile Applications for
Health Literate Designs and Functionality. Prev. Chronic Dis. 2015, 12, E61. [CrossRef] [PubMed]

Meyerowitz-Katz, G.; Ravi, S.; Arnolda, L.; Feng, X.; Maberly, G.; Astell-Burt, T. Rates of Attrition and Dropout in App-Based
Interventions for Chronic Disease: Systematic Review and Meta-Analysis. |. Med. Internet Res. 2020, 22, e20283. [CrossRef]
[PubMed]

Amagai, S.; Pila, S.; Kaat, A.J.; Nowinski, C.J.; Gershon, R.C. Challenges in Participant Engagement and Retention Using Mobile
Health Apps: Literature Review. |. Med. Internet Res. 2022, 24, €35120. [CrossRef]

Trawley, S.; Baptista, S.; Browne, ].L.; Pouwer, F.; Speight, J. The Use of Mobile Applications Among Adults with Type 1 and Type
2 Diabetes: Results from the Second MILES—Australia (MILES-2) Study. Diabetes Technol. Ther. 2017, 19, 730-738. [CrossRef]
[PubMed]

Rose, K.J.; Konig, M.; Wiesbauer, F. Evaluating Success for Behavioral Change in Diabetes via MHealth and Gamification:
MySugr’s Keys to Retention and Patient Engagement. In Proceedings of the Advanced Technologies & Treatments for Diabetes
(ATTD), Paris, France, 27 February-2 March 2013.

Debong, F.; Mayer, H.; Kober, ]J. Real-World Assessments of mySugr Mobile Health App. Diabetes Technol. Ther. 2019, 21,
52-35-52-40. [CrossRef] [PubMed]

Vasiloglou, M.; Christodoulidis, S.; Reber, E.; Stathopoulou, T.; Ya, L.; Stanga, Z.; Mougiakakou, S. Perspectives and Preferences
of Adult Smartphone Users Regarding Nutrition and Diet Apps: Web-Based Survey Study. JMIR mHealth uHealth 2021, 9, e27885.
[CrossRef]

Andrew, A ; Borriello, G.; Fogarty, ]. Simplifying Mobile Phone Food Diaries. In Proceedings of the ICTs for improving Patients
Rehabilitation Research Techniques, Venice, Italy, 5 May 2013.

Nansel, T.R.; Gellar, L.; McGill, A. Effect of Varying Glycemic Index Meals on Blood Glucose Control Assessed With Continuous
Glucose Monitoring in Youth With Type 1 Diabetes on Basal-Bolus Insulin Regimens. Diabetes Care 2008, 31, 695-697. [CrossRef]
[PubMed]

Priesterroth, L.; Grammes, J.; Holtz, K.; Reinwarth, A.; Kubiak, T. Gamification and Behavior Change Techniques in Diabetes
Self-Management Apps. J. Diabetes Sci. Technol. 2019, 13, 954-958. [CrossRef]


https://doi.org/10.1111/1747-0080.12401
https://doi.org/10.1016/j.diabres.2012.10.024
https://www.ncbi.nlm.nih.gov/pubmed/23146371
https://doi.org/10.3390/nu10010109
https://www.ncbi.nlm.nih.gov/pubmed/29361766
https://doi.org/10.2337/dci19-0028
https://doi.org/10.1186/s13098-020-00529-z
https://www.ncbi.nlm.nih.gov/pubmed/32190124
https://doi.org/10.1055/a-1493-2324
https://www.ncbi.nlm.nih.gov/pubmed/34034353
https://doi.org/10.3389/fendo.2019.00135
https://www.ncbi.nlm.nih.gov/pubmed/30881349
https://doi.org/10.1258/1357633011936138
https://www.ncbi.nlm.nih.gov/pubmed/11265938
https://doi.org/10.2337/dc17-1624
https://www.ncbi.nlm.nih.gov/pubmed/29162582
https://doi.org/10.1001/jamanetworkopen.2023.36876
https://www.ncbi.nlm.nih.gov/pubmed/37792375
https://www.qualtrics.com/uk
https://doi.org/10.1080/00224545.1934.9919450
https://carbsandcals.com
https://doi.org/10.2196/12237
https://www.ncbi.nlm.nih.gov/pubmed/30463839
https://doi.org/10.5888/pcd12.140433
https://www.ncbi.nlm.nih.gov/pubmed/25950568
https://doi.org/10.2196/20283
https://www.ncbi.nlm.nih.gov/pubmed/32990635
https://doi.org/10.2196/35120
https://doi.org/10.1089/dia.2017.0235
https://www.ncbi.nlm.nih.gov/pubmed/29028442
https://doi.org/10.1089/dia.2019.0019
https://www.ncbi.nlm.nih.gov/pubmed/31169427
https://doi.org/10.2196/27885
https://doi.org/10.2337/dc07-1879
https://www.ncbi.nlm.nih.gov/pubmed/18202243
https://doi.org/10.1177/1932296818822998

Nutrients 2024, 16, 1690 14 of 14

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

Davison, B.; Quigg, R.; Skidmore, P. Pilot Testing a Photo-Based Food Diary in Nine- to Twelve- Year Old- Children from Dunedin,
New Zealand. Nutrients 2018, 10, 240. [CrossRef]

Rusin, M.; Arsand, E.; Hartvigsen, G. Functionalities and Input Methods for Recording Food Intake: A Systematic Review. Int. ].
Med. Inform. 2013, 82, 653—-664. [CrossRef] [PubMed]

Heikkild, L.; Vanhala, M.; Korpelainen, R.; Tossavainen, P. Agreement between an Image-Based Dietary Assessment Method and
a Written Food Diary among Adolescents with Type 1 Diabetes. Nutrients 2021, 13, 1319. [CrossRef] [PubMed]

Martin, C.K.; Han, H.; Coulon, S.M.; Allen, H.R.; Champagne, C.M.; Anton, S.D. A Novel Method to Remotely Measure Food
Intake of Free-Living Individuals in Real Time: The Remote Food Photography Method. Br. J. Nutr. 2008, 101, 446—456. [CrossRef]
Franco, R.Z.; Fallaize, R.; Lovegrove, ].A.; Hwang, F. Popular Nutrition-Related Mobile Apps: A Feature Assessment. JMIR
mHealth uHealth 2016, 4, €85. [CrossRef] [PubMed]

Dhingra, P.; Sazawal, S.; Menon, V.P,; Dhingra, U.; Black, R.E. Validation of Visual Estimation of Portion Size Consumed as a
Method for Estimating Food Intake by Young Indian Children. J. Health Popul. Nutr. 2007, 25, 112. [PubMed]

Hernandez, T.; Wilder, L.; Kuehn, D.; Rubotzky, K.; Moser-Veillon, P.; Godwin, S.; Thompson, C.; Wang, C. Portion Size Estimation
and Expectation of Accuracy. J. Food Compos. Anal. 2006, 19, S14-521. [CrossRef]

Sharp, D.B.; Allman-Farinelli, M. Feasibility and Validity of Mobile Phones to Assess Dietary Intake. Nutrition 2014, 30, 1257-1266.
[CrossRef] [PubMed]

Bayliss, L.; Wu, L. Should You “Picture” This? Effects of Picture-Taking Features of Food Diary Apps on Memory, Liking, and
Wanting. Appetite 2022, 168, 105682. [CrossRef] [PubMed]

Konig, L.M.; Attig, C.; Franke, T.; Renner, B. Barriers to and Facilitators for Using Nutrition Apps: Systematic Review and
Conceptual Framework. JMIR mHealth uHealth 2021, 9, e20037. [CrossRef] [PubMed]

Ladyzynski, P.; Krzymien, J.; Foltynski, P.; Rachuta, M.; Bonalska, B. Accuracy of Automatic Carbohydrate, Protein, Fat and
Calorie Counting Based on Voice Descriptions of Meals in People with Type 1 Diabetes. Nutrients 2018, 10, 518. [CrossRef]
Andrade, C. The Limitations of Online Surveys. Indian ]. Psychol. Med. 2020, 42, 575-576. [CrossRef] [PubMed]

Liu, Z.; Wang, C.; Yang, D.; Luo, S.; Ding, Y.; Xu, W.; Zheng, X.; Weng, J.; Yan, J. High Engagement in Mobile Peer Support
Is Associated with Better Glycemic Control in Type 1 Diabetes: A Real-world Study. J. Diabetes Investig. 2022, 13, 1914-1924.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/nu10020240
https://doi.org/10.1016/j.ijmedinf.2013.01.007
https://www.ncbi.nlm.nih.gov/pubmed/23415822
https://doi.org/10.3390/nu13041319
https://www.ncbi.nlm.nih.gov/pubmed/33923638
https://doi.org/10.1017/S0007114508027438
https://doi.org/10.2196/mhealth.5846
https://www.ncbi.nlm.nih.gov/pubmed/27480144
https://www.ncbi.nlm.nih.gov/pubmed/17615912
https://doi.org/10.1016/j.jfca.2006.02.010
https://doi.org/10.1016/j.nut.2014.02.020
https://www.ncbi.nlm.nih.gov/pubmed/24976425
https://doi.org/10.1016/j.appet.2021.105682
https://www.ncbi.nlm.nih.gov/pubmed/34496274
https://doi.org/10.2196/20037
https://www.ncbi.nlm.nih.gov/pubmed/34254938
https://doi.org/10.3390/nu10040518
https://doi.org/10.1177/0253717620957496
https://www.ncbi.nlm.nih.gov/pubmed/33354086
https://doi.org/10.1111/jdi.13870
https://www.ncbi.nlm.nih.gov/pubmed/35708894

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

