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Abstract
Background Lifestyle modification is an integral aspect for the management of type 2 diabetes (T2D). However, it is difficult to
ensure the accuracy of personalized lifestyle advice. The study aims to analyse the real-world effectiveness of personalized
glycemic response based Diabefly-Pro digital therapeutics for better glycemic control.
Methods Data from continuous glucose monitoring (CGM) of 64 participants with T2D was analysed. All participants were
provided with modified lifestyle plan based on their personalized glycemic response. The CGM data was analysed for a period of
7 days, before and after the introduction of modified lifestyle plan. Primary outcome of the study was change in time in range
(TIR). Secondary outcomes of the study were change in mean blood glucose, time above range (TAR), time below range (TBR)
and glucose management indicator (GMI).
Results Significant improvement in glycemic control was observed after the introduction of personalized lifestyle plan. Median
reduction in mean blood glucose was from 139.5 (118.3 to 169.3) mg/dL to 122.0 (101.5 to 148.8) mg/dL (p < 0.0001). TIR and
GMI improved from 70.50 (50.75 to 83.50)% to 75.00 (58.25 to 89.00) % (p = 0.0001) and 6.64 (6.13 to 7.35) % to 6.23 (5.74 to
6.86) % (p < 0.0001) respectively. TAR reduced significantly from 17.00 (4.25 to 38.0) % to 6.00 (1.25 to 26.0) % (p < 0.0001).
No significant increase in TBR was observed (p = 0.198).
Conclusion Personalized glycemic response-based Diabefly-Pro digital therapeutics program was effective in achieving better
glycemic control in people with T2D.
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Introduction

Diabetes is one of the fastest growing health challenges with
an increasing prevalence rate across the world. The global
prevalence of diabetes was estimated as 463 million people
which is expected to rise to 578 million by 2030 [1]. India
ranks second in the world with 77million people with diabetes
in 2019, which is expected to increase to 101 million by 2030
[1]. The rising prevalence of diabetes has been attributed
mainly to increasing cases of type 2 diabetes (accounting for
around 90% of total cases) due to ageing, rapid urbanisation
and increase in the level of risk factors like obesity, unhealthy
diet and physical inactivity [2, 3]. It has been shown that
adequate glycemic control among people with diabetes leads
to reduction in both macrovascular and microvascular compli-
cations [4, 5]. In India, the poor level of glycemic control has
been highlighted in many studies [6, 7]. The huge burden of
diabetes, lack of access to trained diabetes educators, poor
diabetes knowledge in patients, poor communication with
healthcare teams due to pre-existing heavy loads at clinics
and lack of continuous personalized interventions limits ho-
listic management of diabetes in India [8]. The conventional
mode of delivery of lifestyle management lessons using face-
to-face interventions are now even more limited after the
COVID-19 pandemic [9]. Thus, effective management of di-
abetes requires virtual patient engagement in addition to clini-
cian’s support.

Lifestyle management and behavioral modification is an
integral aspect for the effective prevention and management
of T2D [10–12]. It includes diabetes self-management educa-
tion and support (DSMES), medical nutrition therapy (MNT),
physical activity, weight loss, smoking cessation counselling,
and psychological support [13]. DSMES is aimed at develop-
ing the skill and ability of the patients to make informed de-
cisions, problem solving; while the support assists patients to
continue the implementation of learned skill and behaviors
[14].MNT is a demanding part of lifestyle management aimed
at promoting healthy eating patterns where each individual
requires a personalized solution. MNT has been recommend-
ed for patients with diabetes and has been shown to improve
glycemic control in people with T2D [15, 16].

Last three decades have witnessed rapid development in
digital and wireless technologies for the management of dia-
betes in the field of lifestyle modification, better medical de-
vices (blood glucose meters, continuous glucose monitoring
(CGM) devices) [17, 18]. Digital therapeutics have emerged
as a new modality for the prevention and management of
disease based on evidence-based intervention driven by use
of software. Application of digital therapeutics enables large-
scale deployment of treatments in a cost-effective manner

wherein people can engage with the platform several times a
day leading to improved outcomes as compared to conven-
tional treatment [19, 20]. Globally, digital therapeutics tech-
nology has shown immense potential to help in the manage-
ment of diabetes [21, 22]. To our knowledge, there is no
personalized glycemic response-based digital therapeutics
program currently present in India. The increasing burden of
diabetes and relative lack of healthcare resources underline an
urgent need for personalized digital therapeutics programs.

The current study is aimed at exploring the real-world ef-
fectiveness of Diabefly-Pro digital therapeutics program de-
signed for providing lifestyle, nutritional and behavioral
coaching to people with T2D with the use of connected med-
ical device (like CGM) based on their personalized glycemic
response for better glycemic control. We analysed the real-
world data on glycemic parameters collected from CGM for
14 days. The effectiveness of the programwas analysed on the
basis of parameters like mean glucose, time in range (TIR),
time above range (TAR), time below range (TBR) and glucose
management indicator (GMI). The correlation of TIR with
diabetes complications has been established in various studies
[23, 24].

During the program, a personalized lifestyle plan was cre-
ated based on the individual glycemic response during the first
7 days of the study while following their usual lifestyle. The
variation in glycemic parameters for 7 days, pre and post the
introduction of the personalized lifestyle plan was analysed to
understand the change in glycemic control. Thus, the study
was aimed at the analysis of effectiveness of the personalized
lifestyle plan provided to participants based on CGM moni-
toring using the digital therapeutics platform.

Materials and methods

Study design

The study involved the analysis of de-identified data from 64
participants with T2D using the Diabefly-Pro program
(Fitterfly Healthtech Pvt Ltd, Mumbai, India) who continued
using the platform for 14 days after program initiation. The
participants were recruited based on referrals by clinicians and
through social media advertisements. The participants self-
declared their T2D status and were contacted through tele-
phone before joining the program wherein the program details
were explained to them. The screening was based on the in-
clusion and exclusion criteria for the study. Eligible candi-
dates who provided written or electronic consent to participate
and to provide the de-identified data for research purpose were
enrolled in the study. In case consent was not given for use of
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data for research, the program participation was provided
without any changes in the quality of care. The study was
aimed at analysis of de-identified data; no investigational
products were used and standard clinical treatment was
followed throughout the study.

The inclusion criteria for the study were (1) age ≥ 18 years,
(2) owns a smartphone and is willing to utilize the mobile
application and (3) has a minimum level of literacy to read
and understand in English language. The exclusion criteria of
the study included (1) presence of physical, cognitive and
psychiatric impairment which can prevent participation in
the program; (2) pregnancy; (3) severe complications (end
stage chronic kidney failure, chronic liver disease); (4) history
of unstable angina pectoris or stroke within the past 6 months;
and (5) any recent surgical procedure that causes major phys-
ical, cognitive or psychiatric impairment that will prevent par-
ticipation in program as determined by registered medical
practitioner were excluded. Additionally, recent history of
gastro-intestinal tract surgery including bariatric surgery
which affects the ability to follow dietary regimen led to ex-
clusion of patients.

The primary outcomes of the study were changes in TIR.
The secondary outcomes of the study included the change in
TAR, TBR, mean glucose and GMI. The study involved the
comparison of outcomes for 7 days pre and post the introduc-
tion of the personalized lifestyle plan.

Sample size calculation

Minimum sample size for pre- and post-test comparison was
calculated using University of California San Francisco online
calculator [25]. A sample size of 64 was required to achieve
80% power to detect an estimated standard deviation of the
post-over-pre change of 15.88% [26] with an effect size of
0.35 at 5% level of significance using a two-sided Wilcoxon
test with Gaussian approximation.

Program

Figure 1 shows the schematic of Diabefly-Pro program which
is an evidence-based digital therapeutics program based on
personalized glycemic response. The program provides access
to the Fitterfly mobile application and helps the participants by
creating a personalized lifestyle plan (diet, activity and life-
style) based on an individual’s glycemic characteristics. The
digital therapeutics program has been designed to incorporate
various features like tools to record and track medical and
anthropometric parameters; in-app based extensive Indian
food database for tracking calories, macro and micronutrient
in meals; digital tracking tools for meals, exercise; in-app
access to evidence-based educational and motivational con-
tent for diabetes management; support from health coaches
(diabetes educators) to manage stress and sleep quality; regu-
lar feedback and support from health coaches for building
lifelong habits through behavioural modifications. The
Diabefly-Pro program also provides access to nutritionists,
clinical psychologists and physiotherapists for providing per-
sonalized care to people with diabetes.

The Diabefly-Pro program is a 90-day program which con-
sists of three phases; the first phase is the observation phase
which involves CGM monitoring based on normal lifestyle
(daily meals, activity, sleep quality and stress) of participants;
the second phase is the intervention phase where nutritionist
and physiotherapist provide every patient with a diet and ex-
ercise plan respectively based on their personalized glycemic
response data collected from CGM monitoring. Feedback re-
garding stress management and sleep quality is also provided.
The participants are instructed to follow the modified diet and
exercise plan and are monitored again for next 7 days using
CGM monitoring; the third phase of the program aimed at
sustaining the lifestyle modification introduced during the sec-
ond phase of the program while including regular feedback
and support from health coaches to build lifelong lifestyle
change for better management of diabetes.

Fig. 1 Schematic of Diabefly-Pro
digital therapeutics program
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The compliance to the program was ensured through reg-
ular video and telephonic calls by remote health coaches every
15 days, providing planned education material containing mo-
tivational content for diabetes self-management via mobile
application and charging a payment fee for program
participation.

Data collection

All the participants enrolled in the program received a
link to download the Fitterfly mobile application from
both android and ios playstore. A trained program staff
performed the application of CGM sensor (FreeStyle
Libre Pro, Abbott Diabetes Care) during home visit. The
platform used for downloading and collection of the CGM
data was FreeStyle Libre Pro Software (Abbott Diabetes
care). The study was conducted for 14 days wherein in the
initial 7 days the participants followed their normal life-
style and the CGM data was collected. The data from the
CGM sensor was collected at home by trained personnel.
The participants also maintained their food and physical
activity diary with time stamps in the Fitterfly app. The
initial 7 days CGM data was analysed to understand the
personalized glycemic response of individuals. After the
completion of initial 7 days on the program, the partici-
pants were explained their glycemic response to various
meals and physical activities. The nutritionist and physio-
therapist created a personalized meal and exercise plan for
participants based on their initial 7 days. The participants
were instructed to follow the recommended personalized
lifestyle plan for the next 7 days of the study. The CGM
data for the next 7 days was collected again and analysed
to understand the effectiveness of the intervention. During
the entire duration of 14 days, the participants had access
to the Fitterfly mobile application for creating daily log of
food diary, physical activity, medication, water intake,
sleep and various anthropometric (weight, height, BMI)
and clinical parameters (fasting blood sugar, HbA1c).
The educational content was also made available to im-
prove the problem-solving ability and to understand the
self-care activities for people with diabetes.

Baseline demographic data was provided by partici-
pants using the mobile application. The data from CGM
included metrics like TIR, TAR, TBR and mean glucose
levels. GMI was used as an estimate of glycated hemo-
globin level, as described by Bergenstal et al. 2018 [27].
Mean glucose level (CGM) was used for calculation of
GMI.

Statistical analysis

The statistical analysis was performed using R software
(Version 4.0.3; The R Foundation). Categorical data was

represented as number (%); continuous data was
expressed as mean (standard deviation (SD)) or median
(interquartile range (IQR)) as appropriate for the data dis-
tribution. Normality of data was tested using the Shapiro-
Wilk test. The comparison of glycemic control parameters
pre and post the introduction of personalized lifestyle plan
was evaluated using Wilcoxon signed-rank test. p ≤ 0.05
was considered statistically significant. The variation in
TIR among groups with different modalities of manage-
ment including only lifestyle modification (no pharmaco-
therapy), oral hypoglycemic agents (OHAs), insulin and
combination of OHAs and insulin were compared using
one-way analysis of variance. The correlation between
change in TIR with the various parameters at the time of
enrolment like age, duration of diabetes, weight and BMI
was studied using Pearson test for parametric data and
Spearman test for non-parametric data.

Results

Table 1 shows the baseline characteristics of 64 partici-
pants with T2D enrolled in the study. Overall, the partic-
ipants consisted of 35.93% (23/64) females; the mean age
of the participants was 51.08 ± 11.84 years with an aver-
age duration of diabetes of 9.67 ± 8.9 years. The mean
weight and BMI of the participants were 72.75 ± 12.36 kg
and 26.38 ± 4.0 kg/m2 respectively. The medication de-
tails of participants showed 10.94% (7/64) of participants
were using insulin, 37.50% (24/64) used oral hypoglyce-
mic agents (OHAs) and 32.81% (21/64) were using both
insulin and OHAs and 18.75% (12/64) did not use any
pharmacotherapy (only lifestyle modification). Further,
56.25% (36/64) of the participants were on biguanide,
45.31% (29/64) were on sulfonylurea, 28.13% (18/64)
were on dipeptidyl peptidase (DPP)-4 inhibitors, 23.44%
(15/64) were on Sodium-glucose cotransporter-2 (SGLT2)
inhibitors, 14.06% (9/64) were on alpha-glucosidase in-
hibitors, 10.94% (7/64) were on thiazolidinediones and
4.68% (3/64) were on other OHAs or non-specified med-
ications. Then, 62.5% (40/64) of patients had comorbidity
other than diabetes.

Table 2 shows the changes in glycemic control metrics
pre and post the intervention of personalized lifestyle
modification plan. The mean glucose in participants re-
duced significantly from 139.50 (118.30 to 169.30) mg/
dL to 122.0 (101.50 to 148.80) mg/dL (p < 0.0001). There
was a significant improvement in the TIR from 70.50
(50.75 to 83.50) % to 75.00 (58.25 to 89.00) % (p =
0.0001). The TAR significantly reduced from 17.00
(4.25 to 38.0) % to 6.00 (1.25 to 26.0) % (p < 0.0001).
The TBR did not change significantly pre and post the
intervention (p = 0.198). GMI has been used as an
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approximate measure of lab HbA1c value. GMI improved
significantly from 6.64 (6.13 to 7.35) % to 6.23 (5.74 to
6.86) % (p < 0.0001).

Figure 2 shows the mean change in mean blood glucose,
TIR, TAR and TBR when compared pre and post the inter-
vention. Mean blood glucose was reduced by 18.78 ± 21. 12
mg/dL. Percentage of time in TIR showed a mean improve-
ment of 6.61 ± 13.44%. Percentage of time in TAR and TBR
showed a mean reduction of 6.05 ± 11.54% and 2.07 ±
15.58% respectively. GMI showed a mean reduction of 0.45
± 0.50%.

No significant variation in the change in TIR was ob-
served among groups with different modality of treatment
including only lifestyle modification (no pharmacothera-
py), OHAs, insulin and combination of insulin and OHAs
(p = 0.48). The real-world effectiveness of the lifestyle
modification plan as quantified through the significant
improvement in TIR showed no significant correlation
with factors like age (p = 0.34) and other parameters re-
corded at time of enrolment like weight (p = 0.89), BMI
(p = 0.71) and duration of diabetes (p = 0.32).

Discussion

The study was aimed at the analysis of real-world effective-
ness of Diabefly-Pro digital therapeutics platform providing
support based on personalized glycemic response to people
with T2D in India. The study was aimed at the analysis of
glycemic response 1-week pre and post the intervention of
personalized lifestyle plan based on individualized inputs for
nutrition and exercise based on CGM monitoring. The results
showed that the intervention of personalized lifestyle plan for
1 week in participants led to significant improvement in their
metabolic control which was shown by improvement in mean
blood glucose, TIR, TAR and GMI. Then, 85.93% (55/64)
participants showed reduction in mean blood glucose 7 days
post the intervention. Further, 60.93% (39/64) of the partici-
pants showed improvement in TIR by ≥ 5%. Moreover,
39.06% (25/64) and 28.12% (18/ 64) showed improvement
in TIR ≥ 10% and ≥ 15% respectively.

Every incremental 5% increase in TIR has been associated
with significant clinical benefits in people with T2D [23]. Ten
percent reduction in TIR has been shown to increase the

Table 1 Baseline characteristics
of participants Parameters Participants (n=64)

Gender (Female), n (%) 23 (35.93%)

Age, years 51.08 (11.84)

Duration of diabetes, years 9.67 (8.90)

BMI, kg/m2 26.38 (4.0)

Weight, kg 72.75 (12.36)

Insulin, n (%) 7 (10.94)

OHA, n (%) 24 (37.50)

Insulin and OHA, n (%) 21 (32.81)

Biguanide, n (%) 36 (56.25)

Sulfonylurea, n (%) 29 (45.31)

Dipeptidyl peptidase (DPP)-4 inhibitors, n (%) 18 (28.13)

Sodium glucose Cotransporter- 2 (SGLT2) inhibitors, n (%) 15 (23.44)

alpha-glucosidase inhibitors, n (%) 9 (14.06)

Thiazolidinediones, n (%) 7 (10.94)

Other/ Non specified medication, n (%) 3 (4.69)

Comorbid conditions present, n (%) 40 (62.50)

Table 2 Change in glycemic
control pre and post the
introduction of personalized
lifestyle plan

Parameters 1 week Pre-Intervention 1 week Post-Intervention p value

Mean glucose (mg/dL) 139.50 (118.30 to 169.30) 122.0 (101.5 to 148.80) <0.0001

Time in target (%) 70.50 (50.75 to 83.50) 75.00 (58.25 to 89.00) 0.0001

Time above range (%) 17.00 (4.25 to 38.0) 6.00 (1.25 to 26.0) <0.0001

Time below range (%) 7.50 (1.0 to 21.0) 6.00 (1.00 to 19.25) 0.198

GMI (%) 6.64 (6.13 to 7.35) 6.23 (5.74 to 6.86) <0.0001

Data represented as median (IQR)
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hazard rate for retinopathy progression and microalbuminuria
development by 64% and 40% respectively [24]. Time above
range decreased significantly suggesting the potential of nu-
tritional modification via intervention leading to reduced gly-
cemic excursion in participants. Postprandial hyperglycemia
has been shown to be a direct risk factor for development of
cardiovascular disease in people with diabetes [28]. Reduction
in mean glucose and GMI showed significant improvement in
glucose control in participants using the modified lifestyle
intervention for only 1 week.

The current study showed a significant mean change in
mean blood glucose, TIR and TAR by 18.78 ± 21, 12 mg/
dL, 6.61 ± 13.44%, and 6.05 ± 11.54% respectively. There
was no significant increase in TBR post the introduction of
lifestyle modification plan. This was similar to results reported
for a virtual diabetes clinic for patients with T2D [29]. The
study showed a mean increase in TIR by 10.2 ± 20.5%; mean
reduction in TAR by 7.2 ± 15.4%; and mean reduction in
mean glucose by 14.6 mg/dL at 4 months on the virtual dia-
betes clinic platform. No change in TBR was observed. TIR
has aptly been compared to a “glycemic compass” for evalu-
ation of the health status and to plan for future management
strategy in people with diabetes [30]. Digital therapeutic pro-
gram like Diabefly-Pro can leverage the benefits of TIR to
navigate management of T2D towards personalized and
expert-driven care based on lifestyle modification.

The change in TIR for groups using different modalities of
treatment (which included lifestyle modification (no pharma-
cotherapy), insulin, OHAs and combination of OHAs and
insulin) did not vary significantly. This showed that the phar-
macological treatment modality did not affect the effective-
ness of the program. Also, the change in TIR did not show
significant association with variables like age, duration of di-
abetes, weight and BMI (at the time of enrolment). Thus, the

effectiveness of the program remained uniform irrespective of
the variation in all the above parameters.

The study showed the real-world implementation of
Diabefly-Pro digital therapeutics program. The study showed
significant improvement in glycemic parameters after only 7
days on the personalized lifestyle plan. The 14-day study thus
showed significant potential of the program for providing bet-
ter glycemic control in patients with T2D. The strength of the
study includes the remote recruitment, intervention and as-
sessment with low level of missing data. Limitations of the
present study include self-selection samples, referral bias and
non-randomized design. This approximated the enrolment in
real-world commercial programs. The study excluded patients
who were not using CGM monitoring. The study population
had less participation from women, which might be due to
social and economic factors. The study analyzed short-term
improvement in glycemic control. Future studies with longer
duration, larger sample size and control groups will further
confirm the effectiveness of the program.

Conclusion

Results of the study indicated that personalized lifestyle mod-
ification based on glycemic data from CGM had a positive
impact on the glycemic control of patient with T2D. The study
showed the effectiveness of Diabefly-Pro program for provid-
ing better glycemic control in patients with T2D. The program
showed significant improvement in TIR, TAR, mean glucose
within 7 days of introductions of personalized lifestyle plan.
Thus, the Diabefly-Pro program is an effective platform for
individuals with T2D for achieving clinically significant gly-
cemic control.

Fig. 2 Mean change in (a) mean
blood glucose, (b) TIR, (c) TAR
and (d) TBR when comparing the
values 7 days pre and post the
intervention of personalized
lifestyle plan
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