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Article Highlights:

e Why did we undertake this study?

We aimed to evaluate whether a mobile app for carbohydrate counting and bolus calculation
(CHOC-BC) could improve glycemic control in adults with type 1 diabetes.

e What is the specific question we wanted to answer?

Can the CHOC-BC mobile app improve time in range (TIR) without increasing the risk of
hypoglycemia or weight gain?

e What did we find?

CHOC-BC users improved TIR by 5%, experienced reduced hyperglycemia, and showed no
increase in hypoglycemia or weight gain over 12 weeks.

e What are the implications of our findings?

A mobile CHOC-BC app supports safer-betterimproved glucose control in adults with type 1
diabetes.

Abstract

Objective:

To evaluate the effectiveness and safety of a mobile application for CHOC-BC in adults with
type 1 diabetes mellitus (TLDM).

Research Design and Methods:

A 12-week randomized controlled trial was conducted at King Fahad Medical City, Riyadh,
Saudi Arabia. Adults with TLDM on multiple daily insulin injections and using Libre 2 flash
glucose monitors were randomized to either CHOC-BC or conventional treatment. The primary
endpoint was time in range (TIR; 70-180 mg/dL).

Results:



A total of 127 participants (70 females) were included; 64 in the intervention group and 63 in the
control group with a mean —Fhe-mean-age of s-were-26.56 + 4.8 and 26.74 + 6.52 years,
respectively. After 3 months, the intervention group achieved better TIR than the control group
(51.20% + 11.61% vs. 46.17% + 13.02%; mean difference (MD), 5.03; 95% confidence interval
(CI), 0.70-9.36; p = 0.023). Application users showed a significant reduction in level 2 time
above range (17.25% + 11.61% vs. 24.10% + 15.74%; MD, —6.85; 95% CI, —11.70 to —1.99; p
=0.006). No significant differences were observed in body weight or time below range.
Conclusions:

The CHOC-BC mobile application empowered users to achieve better glycemic control while

maintaining a safe profile that avoids hypoglycemia and weight gain.



Introduction

Type 1 diabetes mellitus (TLDM) is the most common chronic disease in children and
young adults (1). It accounts for approximately 2% of diabetes cases worldwide, affecting
around 9 million individuals (2). To control glycemic levels, insulin, a balanced diet, and regular
physical exercise are required (3). The carbohydrate counting (CHOC) method is considered the
most reliable strategy for insulin dose estimation relative to meals (4) as- it allows greater
flexibility in diet and reduces the-disease burden-in-many-cases (5,6).

CHOC was adopted in early landmark studies, such as the DCCT, Fhe-Biabetes-Control

and-Complications Trial{DCCT)-popularized CHOGC-n-1993(#), positively impacting —n

addition-CHOCuse-was-associated-with-better-glucose control in-multiple-studies-(7,8), while

also facilitating -ane-improved-impact-of diabetes-on-dietary freedom and better quality of life(9).

Unfortunately, in clinical practice, regular use of CHOC among T1DM is challenging
which might impact blood glucose control ard-variabitity-(10). CHOC is often considered a
difficult task for patients, as it requires multiple-glucose-assessments-carbohydrate estimation in

homemade meals, precise reading of food labels, potentially-risky-decision-making-and

extensive education (11). Over 59% of people with TLDM do not accurately quantify
carbohydrates in their meals (12). Moreover, approximately 50% of patients with diabetes
consider CHOC the most challenging aspect of managing their disease (13). As a result, CHOC
and insulin dose calculation can be particularly difficult for patients, especially ameng-younger
individuals.

The rapid advancement in ef-DM-related-technology has helped patients with DM to
achieve better glucose control (14). Continuous glucose monitoring (CGM) systems have

become highly sophisticated, enabling more accurate blood glucose measurement, while also



predicting bloed-glucose trends; and interacting-with-mebile-appheations-that-can-alerting users
abeut-of potential hypoglycemia or hyperglycemia (15). Additionally, coaching applications
have also improved, enabling patients to calculate insulin doses more accurately (14).

The CHOC applications facilitate precise carbohydrate calculations for patients by
allowing them to easily select the desired food and quantity, instantly computing carbohydrate
content and insulin doses based on individual insulin-to-carbohydrate ratio (ICR) and insulin
sensitivity factor (ISF) (16). Of notetnterestingly, people with TLDM believe that technology
will improve the CHOC process (17).

Mereover—aThe importance of technology in helping with CHO counting has been shown

in a study randomizinged 168 adults with T1D peermetabolic-control-to either a mental

calculation group or an automated bolus calculator (ABC) group. The ABC group ;-whiech

manuathrentercarbohydratecontentled-tohas a significantly greater HbAlc reductions after 12

months compared with the mental calculation group.(18). Similarly, a study conducted in
Denmark involving 51 adults with TLDM randomized to three-greups,-namely-Control (n = 8),

CarbCount (n = 21), and CarbCountABC (n = 22), has shown significantly lower HbAlc -arms-

After-16-weeks-of foHlow-up;HbALc levels were-significanthr-tewer-in the CarbCount greup

CarbCountABC groups compared with controls (8). These findings highlight the effectiveness of

CHOC applications in optimizing glucose control.

However, studies in this area remain limited and frequently use HbAlc for glycemic

assessment, rather than CGM-derived metrics that provide a more granular picture of glucose

levels




ghycemic-controlpatterns-(15). Also, there is a lack of studies investigating Seeond;-the-sample

ed-the

efficacy of mobile applications that combine CHOC and bolus correction-en-BM-control.

Therefore, our aim was to assess the effectiveness and safety of the carbohydrate counting and
bolus calculation (CHOC-BC) mobile application for glucose control among adults with TIDM.
Research Design and Methods
Study Design:

A randomized controlled trial was conducted with two parallel groups. Individuals with
T1DM were randomly assigned to use the CHOC-BC application (CHOC-BC intervention
group), or conventional treatment (Control group). Computer-based randomization was used to
allocate participants to either of the two groups. This study was conducted at the diabetes clinics
in King Fahad Medical City (KFMC), Riyadh, KSA. Ethical approval was obtained from the
KFMC Institutional Review Board (IRB), log number 22-630. This trial is registered at
ClinicalTrials.gov (Identifier: NCT06945744). Recruitment began on May 21, 2023, and the
study was completed on December 21, 2023.
Study Subjects:

Individuals were assessed for eligibility at the Obesity, Endocrine, and Metabolism
Centre (OEMC). Eligible participants included males and females aged 18-60 years with a
clinical diagnosis of TIDM for at least one year and HbA1c levels (>6.5% [48 mmol/mol]).
Participants must be on multiple daily insulin injections, possess basic knowledge of CHOC, and

actively use a mobile phone operating on iOS 13 or higher or Android 11 or higher. Furthermore,



participants needed to be active users of the Libre 2 CGM system, with a sensor capture rate of at
least 30%.

Exclusion criteria included individuals with limited literacy, insulin pump users, pregnant
or breastfeeding women, individuals with ischemic heart disease, and those with multiple
comorbidities where hypoglycemia could pose a significant risk. Participants unwilling or unable
to comply with the study protocol or those following a very low-carbohydrate diet (<10% daily
carbohydrate intake) were also excluded.

Sample Size:

Group sample sizes of 61 in the first group and 61 in the second group achieve 90%
power to detect non-inferiority using a one-sided, two-sample t-test. Time in range (TIR) of the
CHOC-BC in our setting, is presumed to be more than the Standard calculator, and the higher
value of the mean is considered better in our hypothesis. ﬂOur non-inferiority testing aims to
conclude that CHOC-BC is not appreciably worse than the standard, with a non-inferiority
margin of 10 percentage points in TIR% compared with the standard manual CHOC. The true
ratio of the means at which the power is evaluated is 1.00. The significance level (alpha) of the
test is 0.05. The coefficients of variation of both groups are assumed to be 0.20. The equipoised
sample of 70 cases for each arm was enrolled, with the due consent of the patient, to overcome
the subsequent 15.0% attrition rate expected during the follow-up period. Patients were allocated
to two parallel arms using a Microsoft Excel 16 random sequence generator calculator (19,20).
Study Protocol:

During the initial clinic visit, eligible participants received a comprehensive explanation
of the study rationale and completed informed consent forms. Data collection began with

comprehensive-baseline assessments, including participant interviews and physical
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measurements. These assessments covered the following: demographics, medical history,
aAnthropometric measures, insulin doses, and detailed documentation of bolus and basal insulin
doses, ISF, total daily dose, and ICR, if available. Blood samples were collected from both
groups after a minimum 10 hours fasting period. Subsequently, the samples were analyzed for
HbA1c and lipid profile, including low-density lipoprotein (LDL), total cholesterol, and
triglycerides.

Flash Glucose Monitoring:

The FreeStyle Libre version 2 sensor was used in this study and glycemic — data were

collected

study-utitized-data-peints-from-the-from LibreView, including -AGP-—TFthe primary o©utcome
was-TIR (70-180 mg/dL). WhitesSecondary outcomes included Time Above Range (TAR)
(>180 and >250 mg/dL), glucose variability, defined as the-pereent-Coefficient of Variation
({%CV), average glucose (mg/dL), glucose management indicator (GM1%), and HbAlc.
Additionally, Time Below Range (TBR) (<70 and <54 mg/dL), number of the low-glucose

events and body mass index (BMI) were recorded-te-ensure-the-safety-of the-apphication. Libre

data over 2 weeks before randomization were used as baseline. CGM-derived TIR and TAR




application-To minimize the risk of hypoglycemia, participants were instructed to check their {Commented [RA4]: Repetitive ]

bloed sugarglucose levels before each meal, 2 hours after meal, and 3 hours after the meal. Commented [RAS5]: Sensor does not measure blood but
interstitial tissue glucose.

Dietary Management Plan:
The study involved a comprehensive intervention led by a registered dietitian (PI) who
individually educated participants on personalized nutritional plans. The control group feHewed

astandard-diabetic-diet consisting-ofused mental CHOC calculations andane-used-the standard

way-of-correction boluses. ]The clinical dietitian reviewed the concepts of CHOC bnd reviewed [Commented [RA6]: What does this mean? J

the existing ICR and ISF for both groups.-On-the-ether-hand-tThe intervention group received
education onabeut CHOC-BC mobile application. Both groups were offered the chance to
contact the clinical dietitian to relay inquiries about the carbohydrates counting.

Additionally, the clinical dietitian reviewed and recalculated each participant's ICR using
the formula 500/TDD (5) and ISF using the formula 1700/TDD (21) or continued with the
previous calculations if the participant already had them. Any inconsistencies between
participant and clinical dietitian-calculated values were discussed and reconciled as per physician
recommendations.

CHOC-BC Mobile Application:

The CHOC-BC mobile application was developed by a team of endocrinologists and

registered dietitians in collaboration with-the information technology (IT)-department.

Carbohydrate content for unlabeled foods was obtained following the American Dietetic

Association’s guidelines (22), while data for restaurant foods were derived from official sources. {Commented [RA7]: What does that mean? ]

The application also features over 700 different types of foods. To ensure its-validity, the

application was evaluated by two expert clinical dietitians working at CHOC and the ]diabetes

clinic Iin KFMC, as part of the IRB approval process. This user-friendly application guides Commented [RA8]: Again, what does this mean (how
many individuals involved)?




participants through a step-by-step process for calculating insulin boluses. Initially, it requires
participants to input their individual ICR, ISF, and target blood glucose levels. For enhanced
safety, the application utilizes pre-set ranges for these values to prevent potentially harmful
miscalculations. Acceptable ranges were 20-100 mg/dl/unit for ISF, 5-50 g/unit for ICR, and
\120—200 \mg/dL for target blood sugar level. All entered data were stored within the application
with the option for later editing if needed.

Next, participants input their current blood glucose readings. To prevent hypoglycemia
and hyperglycemia, the application automatically rejects values outside the acceptable range
(below 80 mg/dL or above |500 lmg/dL). It prompts users to correct their blood sugar level before
using the application. Finally, users select their desired food items from a predefined list or
search for specific items using the search function. Selected items are added to a virtual basket.
Upon pressing the “Basket” button, the application calculates the total insulin dose required,
including separate values for carbohydrate and correction doses, and presents detailed
information for each parameter.

To promote participant understanding and ensure safe application utilization, a clinical
dietitian guided participants through practical-trials-with-various meals using the CHOC-BC
application during the-clinic visits. The duration of education sessions varied between 1 and 2
hours, tailored to each participant’s knowledge and learning pace. At the end of the visit, the
participants in both groups received detailed instruction sheets via WhatsApp for future reference
(Supplemental S1).

Virtual Follow-Up:
During the 3 months following the initial visit, the clinical dietitian communicated with

the intervention group every 2 weeks (or as needed) to ensure proper application use and address
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safety concerns (particularly hypoglycemia risk). Additionally, AGP data were collected every 2
weeks, shared, and discussed with the patient by the dietitian via WhatsApp or voice call. If there

were concerns over glucose blood-sugar-levels-became-uneontreted, the treating physician was

consulted.
Completion Visit:

Upon completion of the 3-month study period, patients in both groups were notified of
the requirement for blood tests to assess HbA1c and lipid profile-levels. Additionally, weight
measurements, insulin doses (including basal and bolus), ISF, ICR (if applicable), physical
activity levels, and any other relevant information, such as changes in medication or following a
new diet, were recorded. Finally, data were downloaded at two-week intervals and 3 months for
both groups, which have been used for comparison.

Statistical Analysis:

Inthiswork-IBM SPSS Statistics version 28 was used for all statistical analyses, with a
p-value of <0.05 being considered statistically significant. Categorical data were presented as
frequencies and percentages, while continuous data were summarized using mean values with
standard deviations (SDs).

To assess baseline differences between the intervention and control groups, chi-square
tests were used for categorical variables, whereas independent-sample t-tests were conducted for
normally distributed continuous variables. While comparing baseline data with post-intervention
measurements, changes within each group over time were evaluated using the-paired-sample t-
test for normally distributed continuous variables.

To assess the differences in post intervention outcomes between the intervention and

control groups, adjusting for baseline characteristics an ANCOVA test was used.



A stepwise regression analysis was performed to determine factors associated with TIR.
TIR served as the dependent variable, and factors such as age, sex, time sensor active, ICR, and
BMI were considered independent variables.
Data and Resource Availability:

The datasets generated during and/or analyzed during the current study are not publicly
available due to patient confidentiality, but are available from the corresponding author upon
reasonable request. The CHOC-BC mobile application used in this study is publicly available for

download at https://apps.apple.com/sa/app/ikfmc/id478245466

Results
Baseline Characteristics:

A total of 140 participants were enrolled in the study and randomly assigned to either the
intervention (n = 70) or control (n = 70) group. Based on the exclusion criteria, 127 participants
were included in the final analysis (64 to intervention and 63 to control). Fig. 1 shows a flow
diagram illustrating the participant flow throughout the study (including enrollment,
randomization, allocation, and analysis).

The study demonstrated successful randomization between intervention and control

groups, with no statistically significant differences in age (mean age approximately 26-27 years)

or duration of diabetes (around 13 years) between groups. Baseline characteristics were

comparable in the two groups, including age, diabetes duration, weight, body mass index (BMI)

Commented [RA11]: If you randomise, this is to be
expected. | suggest delete.



https://apps.apple.com/sa/app/ikfmc/id478245466

point-forthe-study. CGM-derived metrics were also similar expect for Fhe-comparisen-between

intervention-group-did-exhibit-a-higher percentage-of-time above range (>spentabove-180
mg/dL ; -cempared-to-controls-(28.52% vs. 25.92%, p = 0.006). Data are summarized in Table

control-group-The CHOC-BC application users had significantly better-higher TIR (70-180

mg/dL) compared with controls (51.20% + 11.61% vs. 46.17% * 13.02%; mean difference

[MD], 5.03; 95% ClI, 0.70-9.36; p <0.001) adjusted for age, BMI, preintervention TIR, average

sensor capture and [application use assignment \(Fig. 2A). [Commented [RA12]: Not sure | understand this.

Secondary Outcome:

The CHOC-BC application showed significant benefits in several secondary outcomes.
Users of the application spent significantly less time above the high glucose threshold (>250
mg/dL) compared with the control group (17.25% =+ 11.61% vs. 24.10% + 15.74%; MD, —6.85;

95% CI, —11.70 to —1.99; p <0.001), adjusted for age, BMI, average sensor capture, TIR,

preintervention percentage of glucose readings above 250 mg/dl and [application use assignment! [Commented [RA13]: Again, not sure | get this.

(Fig. 2B). Moreover, GV was significantly improved in the intervention group compared with



the control group (39.83% =+ 5.50% vs. 41.94% + 5.78%, p <0.001, adjusted for age, BMI,

average sensor capture, time in range, preintervention percentage of glucose readings above 250

mg/dl and ]application use assignment ‘(Fig. 2C). Additionally, the-mean glucose levels were [Commented [RA14]: As above

significantly lower in the intervention group after using the application (179.19 + 27.92 vs.

191.71 £ 35.78, respectively; p <0.001), adjusted for age, BMI, and preintervention average

sensor capture, time in range, average glucose and lapplication use assignment ‘(Fig. 2D). Commented [RA15]: As above
Not sure anyone cares about this.

On the other hand, HbA1c did not differ significantly between the two groups (HbAlc; 63

mmol/mol [7.93% + 0.85%] vs. 66 mmol/mol [8.15% + 1.02%)], p = 0.189) for intervention and

control groups.

difference. Data are summarized in Table 2.
Bi-monthly data:

To fully assess the impact of CHOC-BC application on TIR, this metric was studied

every two weeks

pattern-with-tThe greatest absolute increments in TIR occurred eceurring-during the first 2

weeks increasing from 46% bnéaga#m%heJast—Z—week&ef—mesmdy—peHed—Apbasehﬂe—the

TR was46% 1t then-increased-to 51.8% in the first 2 weeks with a peak of 52.3% at ;

Commented [RA16]: These small fluctuations are
completely irrelevant.

reaching 52.3%;representing-a-13-6%-increase-from-the-baseline (Supplemental S2).

Safety Outcome:




The time spent below 70 mg/dL did not differ significantly between the two groups. In addition,
the number of low-glucose events did not differ significantly between the intervention and
control groups (47.56 + 36.53 vs. 45.95 + 27.22, respectively; p = 0.779). Furthermore, despite
the application's focus on flexible food choices, weight and BMI results did not differ
significantly between groups. Data are summarized in Table 2.

Regression Analysis Model for Time in Range:

A stepwise regression analysis was conducted to identify factors associated with
achieving the TIR (70-180 mg/dL) post-intervention. The dependent variable was the-TIR.
Independent factors included age, sex, percentage of time sensor active, ICR, and BMI. Through
the stepwise selection process, only two variables emerged as statistically significant predictors

of the target blood glucose range percentage: the percentage of time sensor active and ICR.

Discussion and Conclusion

Diabetes technology, particularly smartphone-based applications like the CHOC-BC
introduced in this study, has significantly improved glucose control for individuals with TIDM.
In this randomized controlled trial, it was found that application users experienced more than 6%
abeuta-5%-increase in TIR, equating to almost 1.5 hours/day:-averaging-an-additional-70

minutes-datly-ever-3-months. Furthermore, application users showed a reduction of

approximately 2 hours per day in level 2 hyperglycemia (>250 mg/dL), along with lower average

glucose levels and decreased GV. The safety of the application was ensured, as there were no
significant differences in time spent in hypoglycemia between users and controls. This study
establishes an important connection between the mobile-based CHOC-BC application and TIR,

which is a key measure of glucose control recommended by experts in the field (15).



The CHOC-BC application may enhance glycemic control by improving insulin dose
calculations and patient engagement. It offers an effective tools for accurate bolus and correction
dose calculations based on carbohydrate intake;-and-it-includes-a-database-of-ever 700-food

itemsranging-from-traditional-dishes-terestaurant-options. By automating correction dose

calculations, the application simplifies a traditionally complex process, potentially improving

adherence. Additionally, |users have shown a rise in glucose monitoring frequency over time, Commented [RA17]: No data are presented on this in the

results.

suggesting greater engagement in self-management. This finding aligns with previous research
that links higher scanning rates to improved glucose control (23).
A number of studies have Previeusresearch-has-examined the relationship between

CHOC and glycemic control in adults with TLDM;-primarihy-fecusing-on-HbAleas the-primary

epdpeint. In a short-term study conducted by Ayano-Takahara et al. in 2015,

a positive

correlation was found between carbohydrate intake and TIR bver 72 hours (24). However, most Commented [RA18]: Unclear, what are you trying to say
here?

studies have primarily used HbAlc-levels to assess glycemic control. Schmidt et al. and Hommel
et al. demonstrated improved glycemic control with CHOC interventions using bolus calculators
over 16 weeks and 12 months, respectively (8,18). Notably, the DAFNE study reported
significant HbAlc improvements over 6 months for patients with poor glycemic control

HbA1c>9% [75 mmol/mol] with the use of CHOCHbALe (9). Howeverka-centrast, our study

participants had moderately elevated baseline HbAlc levels of 66 mmol/mol [8.15% + 0.87%]),
which may explain the lack of significant improvement in HoAlc-ebserved. Additionally, the
shorter duration of our study (12 weeks) may have contributed to these non-significant findings,

given that as-HbAlc improvements can lag behind TIR levels-can-be-guite-variable-and-may-be

uﬂFeHabM(%—Z?)\. [ Commented [RA19]: Would only use reference 25




ce AR DM-using-continuous-subecutaneous-insuhin-infusion{C Howeve

W@aﬂg&m%bmm#@&%mm%ﬂt is important to note that our study

was not specifically designed to evaluate HbA1c changes.

AGP-data;We showed no significant differences in time spent in hypoglycemia levels-between
users and non-users of the application. This suggests that the application is a safe tool for
individuals with T1DM, potentially enhancing confidence in CHOC and insulin dosing before

meals, thus reducing high glucose levels without an increase in pessibhyreducingtherisk-of

hypoglycemia (29). Previous studies utilizing similar diabetes technologies, such as the ABC

device and self-monitoring of blood glucose (SMBG), have reported comparable hypoglycemia
outcomes in CHOC interventions, further supporting the safety and efficacy of incorporating
such technology into diabetes management (8,18,30).

Our study found a significant improvement in GV in the intervention group, indicating
that the CHOC-BC application effectively reduces fluctuations in blood glucose levels. This
improvement may be due to more accurate carbohydrate counting and insulin dosing, which the
application facilitates. This supports findings from other studies that link accurate carbohydrate
counting with reduced GV in individuals with TIDM (31,32).

The strengths of this study include being the first to examine the effect of a mobile-based
application that combines carb counting and bolus calculation on TIR, a recognized measure of

glucose control. The randomised study design helped to ensure efficacy and safety the data are

robuststy
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The study has several limitations. Firstly, the control group had a higher baseline time

spent in the glucose range of 180-250 mg/dL. Fhis-issue-can-oceurin-clinical-trials;even-with

sueeessful randomization;-as-indicated-by-the-other parameters:-However, this was corrected for

in our analysis. Secondly, the intervention group was monitored every 2 weeks, which may have
influenced glycemic outcomes; however, this frequent monitoring was necessary to collect the
data and to ensure the safety of the newly-introduced application-speeiatly—itis-anewly

introdueed-technology. ThirdAdditienally, compliance with the application was not directly

Fouthinally, there were inaccuracies in the carbohydrate content of some traditional meals, which

was noted after the study ended but they were detected in a minority of meals and unlikely to

have affected study findingshighlighting-areas-that need-improvementinfuature studies. Finally,

the application was tested in a single centre and therefore more work is needed to ensure

generalisability of the results to other centres and patient populations.

In summary, using technology to enhance CHOC is a rapidly advancing field that has the
potential to improve the management of TIDM. The introduction of the mobile-based CHOC-
BC application has shown promising results in this pilot study, demonstrating improved glucose

control among individuals with T1DM, without increasing the risk of hypoglycemia or weight

maximize-its-benefitsfor patients—Future studies should explore the application's usefulness



across a broader range of patients with T1DM, including pediatric, adolescent, and pregnant
populations. Additionally, further research is necessary to evaluate the application's impact on
long-term diabetes complications and to expand its capabilities, potentially incorporating

artificial intelligence technologies for automated carbohydrate estimation via a mobile camera.
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Tables:

Intervention Control
Variable mean * SD mean + SD p-value
n =64 n=63

Age 26.56 +4.8 26.74 £ 6.52 0.854
Sex (males, %) 39.1 54 0.090
Duration of DM (years) 13.38£7.58 13.51+6.34 0.915
Weight (kg) 67.38 + 15.55 68.46 + 14.02 0.681
Body Mass Index (kg/m?) 24.7 £ 4.64 25.38+4.5 0.409
HbALc (%) 8.15+0.87

8.16 + 0.96 0.974
HbAlc (mmol/l) 56 - 75
LDL (mmol/L) 291108 2.93+0.81 0.840
Total cholesterol (mmol/L) 4.51+0.88 4.37+0.84 0.369
Triglyceride (mmol/L) 0.81+0.35 0.86 £ 0.36 0.449
Time in range (%) 46.03 +10.93 4479 £11.99 0.544
Time spent above 180 mg/dL (%) 28.52+5.48 25.92+5.01 0.006*
Time spent above 250 mg/dL (%) 21.47 £11.90 2498 + 13.42 0.121
Time spent below 70 mg/dL (%) 3.33+£2.85 3.70+2.28 0.421
Time spent below 54 mg/dL (%) 0.66 + 1.26 0.60 + 0.94 0.789
Glucose variability (%) 39.76 £ 5.48 41.41 +5.42 0.100
GMI (%) 7.83+0.67 7.94+0.73 0.376
Average glucose (mg/dL) 189.52 + 28.09 193.83 +30.43 0.408
Low-glucose events 42.38 + 30.26 43.94 + 24.69 0.751

Table 1: Baseline anthropometric, laboratory and flash glucose monitoring data
SD: standard deviation, DM: diabetes mellitus, BMI: body mass index, HbA1lc: hemoglobin Alc,

LDL: low-density lipoprotein, * P-value < 0.005



Intervention Control

Variable mean + SD mean + SD p-value

n==64 n=63
Weight (kg) 67.31+15.12 68.67 + 14.32 0.606
Body mass index (kg/m?) 24.36 £5.39 25.47 £ 4.57 0.215
HbAlc (%) 7.93+0.85 8.15+1.02

0.189

HbALc (mmol/l) 54-72 54-77
LDL (mmol/L) 2.84+0.72 2.83+0.75 0.985
Total cholesterol (mmol/L) 44.4+0.79 4.33+0.94 0.506
Triglyceride (mmol/L) 0.74+£0.32 0.85+0.42 0.109
Time in range (%) 51.20 + 11.61 46.17+13.02  <0.001*}
Time spent above 180 mg/dL (%) 27.02+5.19 25.43+5.45 0.095
Time spent above 250 mg/dL (%) 17.25+11.61 2410+ 15.74 <0.001*¥
Time spent below 70 mg/dL (%) 3.58+3.0 3.84+24 0.586
Time spent below 54 mg/dL (%) 0.69 £ 0.97 0.75+1.05 0.745
Glucose variability (%) 39.83 £5.50 41.94£5.78 <0.001*t
GMI (%) 7.60 £ 0.67 7.8+1.16 0.225
Average glucose (mg/dL) 179.19 £ 27.92 191.71 £ 35.78 <0.001*
Low-glucose events 47.56 £ 36.53 45.95 + 27.22 0.779

Table 2: Final glucose metrics, laboratory and anthropometrics in intervention and control arms.
*A p-value of <0.05 was considered to indicate statistical significance. SD: standard deviation,

GMI: Glucose Management Indicator, HbAlc: hemoglobin Alc. T representing p-value after



adjustment with ANCOVA.

Figure Legends:

Figure 1: Flowchart of participant enrollment, allocation, follow-up, and analysis

Figure 2A: Comparison of the percentage of time in range (70-180 mg/dL) post-intervention
between the two groups. Data presented after ANCOVA adjustment for age and BMI and
preintervention time in range, average sensor capture and application use assignment.

Figure 2B: Comparison of the percentage of time above range (>250 mg/dL) post-intervention
between the two groups. The estimates are from ANCOVA model adjusting for age, BMI,
average sensor capture, time in range, percentage of glucose readings above 250 mg/dL pre
intervention and application use assignment.

Figure 2C: Comparison of the percentage of glucose variability post-intervention between the
two groups. The estimates are from ANCOVA model adjusting for age, BMI, average sensor
capture, time in range, coefficient of variation all pre intervention and application use
assignment.

Figure 12D: Comparison of the percentage of the average glucose level post-intervention
between the two groups. The estimates are from ANCOVA model adjusting for age, BMI,
average sensor capture, time in range, average glucose all pre intervention and application use

assignment.



