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Abstract
Background To date, there is a lack of information on the use of flash glucose monitoring system (fCGM) in low-
middle income countries, such as Brazil, as well as on digital health platforms most used to calculate the bolus insulin 
dose. In this study, we aimed to describe the population characteristics, prescription patterns and glycemic control of 
fCGM users compared to blood glucose monitoring (BGM) system in those who use Glic™, a digital health platform in 
Brazil, and to assess factors associated with better glycemic control in this population.

Methods This study is a cross-sectional retrospective study using anonymized aggregated data manually inputted 
by Glic™ users who self-reported a diagnosis of type 1 diabetes (T1DM), type 2 diabetes (T2DM), gestational diabetes 
(GDM) and latent autoimmune diabetes in adults (LADA).

Results Of the 12,727 individuals included in this study, 11,007 (86.5%) reported their glucose monitoring method 
to be BGM, while 1720 (13.5%) reported using fCGM. Most individuals (70.5%) had T1DM. Compared to BGM, fCGM 
users were significantly younger, had a higher proportion of males, resided more frequently in the Southeast region 
of Brazil, had a lower BMI, a longer time since diagnosis, and used Glic™ platform more frequently. fCGM users were 
prescribed significantly more ultra-long and ultra-rapid acting insulins as their basal and bolus insulin, respectively, 
and less oral anti-diabetics drugs compared to BGM users. Considering only the T1DM and LADA individuals and their 
manual glucose inputs, fCGM users had non-significant lower glucose levels than BGM. Use of Glic™ platform and a 
higher percentage of basal insulin dose were associated with a better glycemic control.

Conclusion This is the first and largest real-world evidence study that describe and compare fCGM and BGM in users 
of a digital health patient support platform in Brazil. fCGM users were significantly different from those who perform 
BGM, in terms of population characteristics and treatment patterns. Glycemic control was better in fCGM users, 
although not statistically significant due to a restricted sample size. Importantly, a higher frequency of Glic™ use was 
associated with a higher glucose time in range.
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Introduction
The International Diabetes Federation (IDF) has esti-
mated that, globally, there were 537  million adult indi-
viduals (aged 20 to 79 years) with diabetes in 2021 [1]. 
Worryingly, this number is estimated to increase to 
783  million by 2045, which represents a 46% increase, 
and makes diabetes one of the fastest growing medical 
conditions in the world [1]. Worldwide, approximately 
6.7 million adults individuals (aged 20 to 79 years) have 
died as a result of diabetes and its complications in 2021, 
corresponding to 12.2% of all global deaths [1]. The eco-
nomic burden of diabetes on individuals, their families 
and healthcare systems is significant. The direct costs of 
diabetes have been estimated to be USD$ 966 billion in 
2021, having increase 316% in 15 years [1]. 

In Brazil, in 2022, the prevalence of diabetes was esti-
mated to be approximately 22 million people, and 10 mil-
lion of those were untreated [2]. In 2018, public spending 
on diabetes in the Brazilian Unified Health System (SUS) 
was estimated to be over 1 billion BRL, which accounted 
for 30% of the total costs related to hypertension, diabe-
tes, and obesity [3]. 

Self-management is a cornerstone of diabetes care. 
Diabetes self-management is associated with lower 
HbA1c levels, improved disease knowledge and quality 
of life, reduced all-cause mortality and reduced health-
care-related costs [4]. An important component of dia-
betes self-management, which is essential to achieve a 
good glucose control, is blood glucose monitoring system 
(BGM) [5]. Although BGM is a proven beneficial strategy 
in glucose control, adherence to BGM is usually compro-
mised by the need of multiple finger pricks in a day. In the 
last decade, flash glucose monitoring systems (fCGM), 
which provides immediate information on interstitial 
glucose levels, have emerged as a more convenient tool 
to facilitate glucose monitoring, as this is a small device 
attached to the skin which prevents diabetic individu-
als to have to prick their fingers every day [6]. Random-
ized clinical trials (RCTs) have shown improvements in 
glycemic control and reductions in hypoglycemia events 
[7–9]. More recently, real-world evidence (RWE) stud-
ies have confirmed benefits, including improvements in 
glycemic control, treatment satisfaction and well-being, 
as well as reductions in hypoglycemia, reduced diabetes-
related hospitalizations and absenteeism [10–14]. 

In the last few decades, there has been an increasing 
digitization of healthcare, especially with the larger access 
to smartphones and the emergence of health apps. In the 
context of diabetes self-management, health apps are use-
ful tools to personalize the therapy and help patients with 

their diabetes routine in order to achieve optimal glyce-
mic control. The Glic™ is a digital health support platform 
freely available (via app and web browser) for people with 
diabetes and healthcare professionals (physician and 
dietitians). One of the most used features of Glic™ is the 
bolus insulin dose calculator, which uses the informa-
tion about the carbohydrate counting and blood glucose 
level entered in the platform by the users. The bolus insu-
lin dose calculation is a complex task, as several factors 
are needed to be considered, including glucose target, 
carbohydrate-insulin ratio and correction factor for dif-
ferent day periods. The Glic™ platform facilitates this task 
by automizing these calculations. Additionally, the plat-
form has information on diabetes treatment and has the 
possibility of setting medication reminders to improve 
treatment adherence. The users can also share their data 
with the health professionals who assist them, and the 
physician and/or dietitian can make prescription changes 
in the platform guided by the user data patterns. Impor-
tantly, the Glic™ platform has had good acceptance by the 
patients improving the treatment satisfaction by turning 
the carbohydrates counting into an easier task [15]. 

In this study, we aimed to describe the population char-
acteristics, diabetes treatment patterns and glycemic 
control of individuals with self-reported diagnosis of type 
1 diabetes (T1DM), type 2 diabetes (T2DM), gestational 
diabetes (GDM) and latent autoimmune diabetes in 
adults (LADA) who monitor their glucose levels through 
fCGM compared to BGM, and who use the Glic™ in Bra-
zil. We also aimed to assess factors associated with better 
glycemic control in this population.

Methods
Study design
This study is a cross-sectional retrospective study using 
anonymized aggregated data available in the Glic™ plat-
form, from 16th September 2021 to 19th October 2023. 
This study was based on the analysis of the database of 
a digital health support platform (the Glic™ platform), 
therefore no research centers were involved in the con-
duct of this study.

Study population
The study population consisted of all users of the Glic™ 
platform, who had self-reported the diagnosis of T1DM, 
T2DM, GDM or LADA, who had reported the glucose 
monitoring method (fCGM or BGM) in the platform, and 
who had recently updated registration information in the 
last 24 months for adult individuals (aged ≥ 18 years) in 
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the last 6 months for children and adolescents (aged < 18 
years) before the date of data extraction.

Variables of interest and procedures
In this study, the variables of interest included sociode-
mographic data (age, sex, and geographic region), clinical 
data (type of diabetes, years of diabetes diagnosis, weight, 
and height), prescription data (oral antidiabetics, and 
insulin type, molecule, total daily dose, and number of 
daily injections), glucose level data (24 h, nocturnal, pre-
prandial, and post-prandial) and Glic™ usage data (fre-
quency of use based on glucose level data input).

All data were entered in the Glic™ platform by either 
the users, their family members or health professionals. 
Data on glucose levels in the Glic™ platform were manu-
ally entered in the app by all users, even for fCGM users, 
as an automated connection to transmit data from the 
fCGM device to the Glic™ app was not available. Of note, 
no laboratory results information, such as those of gly-
cated hemoglobin, are collected in the Glic™ platform. As 
Glic™ is a patient-oriented platform, routine data quality 
checks and queries are not performed at the data entry 
moment. Any data inconsistencies were dealt with in the 
statistical analyses.

For this study, several data management procedures 
were implemented to ensure data protection, security, 
privacy, and confidentiality. These procedures included: 
(1) separation of the data of the study population from 
the rest of Glic™ database to create a specific separate 
dataset with the variables of interest for this study; (2) 
anonymization of the data, which consisted of removal 
of all identifiable information from the direct identifiers 
data fields, such as: full name, telephone number, date of 
birth and social security number. During the removal of 
this identifiable information, the user ID in the platform 
was changed to a new ID with no possibility of returning 
to the original ID, so there was no possibility of re-iden-
tification. Therefore, the data is considered de-identified.

Statistical analysis
Quantitative variables were summarized as mean and 
standard deviation. Qualitative variables were summa-
rized in crude frequencies and percentages. Missing data 
were not counted in percentages.

For quantitative variables, we used the Wilcoxon-
Mann-Whitney test to compare two groups and the 
Kruskal-Wallis test to compare more than two groups. 
For qualitative variables, we used the Pearson Chi-square 
test to compare groups.

Some variables were removed or treated in the analyses 
due data inconsistencies, which could have occurred due 
to possible errors during the data entry by Glic™ platform 
users. We removed from the dataset 28 individuals whose 
data were inputted in the Glic™ platform as GDM in the 

type of diabetes field and age less than 13 years or male 
sex, as well as those with data inputted as T2DM and age 
less than 6 years. We also removed the data on years of 
diabetes diagnosis for those in which the years of diag-
nosis were higher than the age. In addition, we removed 
data on the basal insulin prescription, when basal insulin 
was inserted as short-acting analogs, ultrashort-acting 
analogs and human regular. Furthermore, we removed 
data when the insulin total daily doses were above 200 U/
day, as these are not clinically plausible.

Additional data treatment consisted of the following: 
(a) weight values ≥ 1000 kg were divided by 100 and val-
ues ≥ 130 kg and < 1000 kg were divided by 10; (b) height 
values < 3  m were multiplied by 100 and values ≥ 3 and 
< 35 were multiplied by 10. After this treatment, for chil-
dren and adolescents (aged < 18 years), weight and height 
values were checked against the World Health Organiza-
tion (WHO) tables of normal range of weight and height 
for each age. Weight and height outside the WHO nor-
mal range were disregarded and not included in the anal-
yses of the z-score. In addition, for adults, weight < 30 kg, 
and height < 130  cm or > 250  cm were disregarded. All 
variables that were weight-dependent, such as insulin 
daily dose per kilogram, were not calculated for those 
with the weight disregarded. Analyses of the daily bolus 
insulin dose as well as total daily insulin dose were only 
calculated for those who had entered information on at 
least 3 meals per day in the Glic™ platform. The percent-
age of basal insulin was calculated using the total basal 
dose in the total daily dose (TBD/TDD). The frequency 
of Glic™ use was calculated based on the total number of 
glucose measurements manually inserted in the app per 
individual during the data extraction time period.

To standardize the analyses of glycemic control to have 
more robust inferences, we only considered those indi-
viduals who had inserted in the Glic™ platform at least 
one glucose measurement per day in five different days 
in a week in the last four weeks. In addition, glucose lev-
els < 20  mg/dL were disregarded and excluded from the 
analyses, as glucometers do not provide values of glu-
cose < 20  mg/dL. The mean glucose level was calculated 
as a daily weighted average per user for the number of 
days that there were glucose measurements. Then, the 
mean of the study population was calculated using this 
daily weighted average per user. The glucose levels were 
categorized according to the International Consensus on 
Time in Range [16], as follows: normoglycemia (glucose 
levels between 70 mg/dL and 180 mg/dL), hyperglycemia 
level 1 (glucose levels between 181 mg/dL and 250 mg/
dL), hyperglycemia level 2 (glucose levels > 250  mg/dL), 
hypoglycemia level 1 (glucose levels between 54  mg/
dL and 69  mg/dL), and hypoglycemia level 2 (glucose 
levels < 54  mg/dL). The proportion of each category 
of glucose level was calculated as the daily weighted 
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proportions per user for the number of days that there 
were glucose measurements. Then, the proportion of glu-
cose levels of the study population was calculated using 
this daily weighted average per user.

To investigate factors associated with a better glyce-
mic control, we performed a logistic regression model 
using the glucose levels (euglycemia vs. dysglycemia) as 
the dependent variable and the available self-reported 
sociodemographic, clinical and prescription data as the 
independent variables. In the logistic regression model, 
we used the value of the daily weighted average per user 
to categorize the glycemic control as euglycemia (values 
categorized as normoglycemia) or dysglycemia (the val-
ues categorized as hyperglycemia level 1, hyperglycemia 
level 2, hypoglycemia level 1 or hypoglycemia level 2). 
We present the logistic regression results as odds ratios 
(OR) with their respective Wald 95% confidence inter-
val (CI) and p-values (a two-sided p-value of < 0.05 was 
considered statistically significant). All analyses and sum-
maries were performed using R software, version 4.1.1 (R 
Foundation).

An additional analysis was conducted on individuals 
who switched their glucose monitoring method from 
BGM to fCGM. For this analysis, we only considered 
individuals who have registered a change in the glucose 
monitoring method in the Glic™ platform and who had 
at least one glucose measurement per day in five different 
days in a week in the 12 weeks before and after the switch 
from BGM to fCGM.

Ethics approval
The study was approved by the Hospital Israelita Albert 
Einstein Human Research Ethics Committee (CAAE 
65669022.0.0000.0071) and a waiver of individual con-
sent was granted for this study.

Results
Population characteristics
Overall
Of a total of 231,102 Glic™ platform users, 12,727 indi-
viduals were eligible based on the study eligibility crite-
ria. Their data were extracted on 19th October 2023 and 
these individuals were included in this study. Of those 
included, 11,007 (86.5%) reported their glucose moni-
toring method to be BGM, while 1720 (13.5%) reported 
using fCGM. Overall, 70.5% of individuals had T1DM, 
20.9% T2DM, 4.5% GDM and 4.1% LADA. There was a 
significant higher proportion of individuals with T1DM 
among fCGM users (T1DM 87.6% vs. other types of dia-
betes 12.4%) compared to BGM (T1DM 67.8% vs. other 
types of diabetes 32.2%) (p < 0.001). The mean overall age 
was 35.61 years (SD 16.14), and fCGM users were signifi-
cantly younger (31.62 years, SD 17.32) than those who 
perform BGM (36.23 years, SD 15.86) (p < 0.001). Overall, 

39.1% were male, with a significant higher proportion 
of males among fCGM users (41.9%) compared to BGM 
(38.6%) (p = 0.011). Most individuals (57.0%) were from 
the Southeast region of Brazil, followed by 17.6% from 
the South region, 13.7% Northeast region, 9.1% Central-
west region and 2.5% North region. There was a signifi-
cant higher percentage of fCGM users (59.0%) in the 
Southeast region compared to BGM (56.7%) (p < 0.001). 
The mean number of years of diabetes diagnosis was 9.10 
years (SD 10.41), with fCGM users having a significant 
longer diagnosis time (10.65 years, SD 11.51) compared 
to BGM (8.87 years, SD 10.21) (p < 0.001). The mean 
body mass index (BMI) was 25.66 kg/m2 (SD 5.34), with 
fCGM users having a significant lower BMI (23.73  kg/
m2, SD 4.60) compared to BGM (25.94  kg/m2, SD 5.38) 
(p < 0.001). Meanwhile, the mean Z-score in children 
and adolescents (age < 18 years) was 0.13 (SD 1.05), 
with no significant difference between fCGM and BGM 
(p = 0.408). In terms of use of the Glic™ platform, on aver-
age Glic™ users used the platform to input their glucose 
levels 35.82 times (SD 125.43), with fCGM users using 
Glic™ more frequently (50.84 times, SD 241.41) than 
BGM (33.48 times, SD 95.13) (p = 0.009). Table 1 presents 
the characteristics of the study population.

Comparison of different types of diabetes
Comparing the different types of diabetes, individuals 
with T1DM were younger (30.85 years, SD 14.48) than 
those with GDM (33.55 years, SD 5.95), LADA (41.31 
years, SD 12.58) and T2DM (51.00 years, SD 13.45). 
Interestingly, only for T1DM, fCGM users were younger 
(29.39 years, SD 16.34) than those who perform BGM 
(31.15 years, SD 14.05) (p = < 0.001). On the contrary, for 
T2DM, fCGM users were older than those who perform 
BGM, with mean ages of 55.37 years (SD 15.70) and 50.86 
years (SD 13.35) (p = 0.002) in T2DM. Meanwhile, for 
GDM and LADA, there were no significant differences 
in age between fCGM and BGM. Majority of individu-
als were female for T1DM (62.4%) and LADA (67.9%); 
however, most individuals were male for T2DM (53.7%). 
Similarly to the overall study population, there were 
more males using fCGM compared to BGM in T1DM 
(41.5% vs. 36.9%, p = 0.001), while there were no statisti-
cally significant differences in sex percentages in T2DM 
and LADA between the two glucose monitoring types. 
Regarding the country region, for T1DM, GDM and 
LADA, there were similar regional distribution to the 
overall study population, with more individuals living in 
the Southeast region (56.8%, 59.3%, and 60.6%, respec-
tively), followed by South region (18.8%, 17.5%, and 
18.5%, respectively), Northeast region (12.7%, 13.4%, and 
12.0%, respectively), Central-west region (9.7%, 7.7%, and 
7.0%, respectively), and North region (2.0%, 2.1%, and 
1.9%, respectively). However, only for T1DM there was 
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statistically significant difference in region distribution 
comparing those using fCGM compared to BGM, with a 
higher proportion of fCGM users living in the Southeast 
region compared to BGM (59.4% vs. 56.3%, p < 0.001). For 
T2DM, there was a different pattern, with more individu-
als living in the Southeast region (56.7%), followed by 
Northeast region (17.2%), South region (13.6%), Central-
west region (7.9%), and North region (4.6%), but also with 
no statistically significant difference in region distribu-
tion between individuals using fCGM compared to BGM. 
In terms of years of diabetes diagnosis, T1DM individuals 
had the longer diagnosis time (11.29 years, SD 10.81), fol-
lowed by LADA (6.99 years, SD 7.58), T2DM (4.58 years, 
SD 8.03) and GDM (0.83 years, SD 1.39). For T1DM, 
fCGM users had a shorter diagnosis time compared to 
BGM, with mean number of years of diabetes diagnosis 

of 11.02 (SD 11.72) and 11.35 (SD 10.62) (p = < 0.001), 
respectively. Conversely, for T2DM and GDM, fCGM 
users had longer diagnosis time compared to BGM, with 
mean number of years of diabetes diagnosis of 9.78 (SD 
11.88) and 4.41 (SD 7.81) (p = < 0.001) in T2DM, and of 
3.00 (SD 5.64) and 0.79 (SD 1.16) (p = 0.003) in GDM. 
Meanwhile, there were no significant differences in years 
of diabetes diagnosis between LADA individuals who 
used fCGM or BGM (p = 0.444). Individuals with T2DM 
(29.33 kg/m2, SD 5.45) and GDM (29.08 kg/m2, SD 5.85) 
had a higher BMI than LADA (25.12  kg/m2, SD 4.26) 
and T1DM (24.33 kg/m2, SD 4.65). Similarly to the over-
all study population, the BMI was lower in fCGM users 
compared to BGM in T1DM and T2DM, while there 
were no statistically significant differences in GDM and 
LADA. Regarding the frequency of Glic™ use, individuals 

Table 1 Characteristics of the study population
Flash glucose monitoring system
N = 1720 (13.5%)

Blood glucose monitoring system
N = 11,007 (86.5%)

Total
N = 12,727 (100%)

P value

Type of diabetes < 0.001
 Type 1 1507 (87.6%) 7466 (67.8%) 8973 (70.5%)
 Type 2 85 (4.9%) 2573 (23.4%) 2658 (20.9%)
 Gestational 11 (0.6%) 562 (5.1%) 573 (4.5%)
 LADA 117 (6.8%) 406 (3.7%) 523 (4.1%)
Age < 0.001
 Mean (SD) 31.62 (17.32) 36.23 (15.86) 35.61 (16.14)
Age ranges < 0.001
 < 18 years 376 (21.9%) 742 (6.7%) 1118 (8.8%)
 ≥ 18 years 1344 (78.1%) 10,265 (93.3%) 11,609 (91.2%)
Sex 0.011
 Female 954 (58.1%) 6539 (61.4%) 7493 (60.9%)
 Male 688 (41.9%) 4115 (38.6%) 4803 (39.1%)
 Missing 78 353 431
Region < 0.001
 Central-west 145 (11.1%) 829 (8.8%) 974 (9.1%)
 Northeast 80 (6.1%) 1387 (14.8%) 1467 (13.7%)
 North 28 (2.1%) 243 (2.6%) 271 (2.5%)
 Southeast 774 (59.0%) 5325 (56.7%) 6099 (57.0%)
 South 284 (21.7%) 1600 (17.1%) 1884 (17.6%)
 Missing 409 1623 2032
Years of diabetes diagnosis < 0.001
 Mean (SD) 10.65 (11.51) 8.87 (10.21) 9.10 (10.41)
 Missing 207 1095 1302
BMI (kg/m2) < 0.001
 Mean (SD) 23.73 (4.60) 25.94 (5.38) 25.66 (5.34)
 Missing 203 742 945
Z-score* 0.408
 Mean (SD) 0.13 (0.97) 0.13 (1.10) 0.13 (1.05)
 Missing** 131 303 434
Frequency of Glic™ use 0.009
 Mean (SD) 50.84 (241.41) 33.48 (95.13) 35.82 (125.43)
BMI, body mass index; LADA, latent autoimmune diabetes in adults; SD, standard deviation
*Only for children and adolescents (age < 18 years)

** Considering only children and adolescents (age < 18 years)
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with LADA (47.11 times, SD 128.17) were the ones who 
used Glic™ more frequently, followed by T1DM (42.24 
times, SD 132.21), GDM (24.35 times, SD 48.11) and 
T2DM (14.42 times, SD 109.37). Contrary to the overall 
study population, there were no statistically significant 
differences in frequency of Glic™ use between fCGM 
users and BGM in all four types of diabetes. Supplemen-
tary Tables 1, 2, 3 and 4 presents the characteristics of the 
study population by type of diabetes.

Prescription patterns
Overall
In terms of basal insulin prescription, overall, 64.8% 
had a prescription, with more fCGM users being pre-
scribed a basal insulin (83.8%) than those who perform 
BGM (61.8%). The type of basal insulin most used were 
long-acting analogs (62.2%), followed by ultralong-
acting analogs (19.3%) and NPH (17.8%). Among the 
long-acting analogs, Glargine was the most preferred 
insulin (98.1%), meanwhile among ultralong-acting ana-
logs it was Degludec (93.9%). Comparing basal insu-
lin prescription patterns, fCGM users were prescribed 
ultralong-acting analogs more frequently (43.5%) than 
those who perform BGM (14.2%) (p < 0.001). Regarding 
basal insulin doses, the mean total basal daily dose was 
26.73 units/day (SD 15.35) and the mean total basal daily 
dose per kilogram was 0.41 units/kg/day (SD 0.21), with 
fCGM users having significantly lower doses than BGM, 
with mean total basal daily doses of 22.14 units/day (SD 
13.74) and 27.68 units/day (SD 15.49) (p < 0.001), respec-
tively, and the mean total basal daily doses per kilogram 
of 0.36 units/kg/day (SD 0.19) and 0.42 units/kg/day 
(SD 0.22) (p < 0.001), respectively. The mean number of 
daily injections of basal insulin was 1.48 (SD 1.42), with 
fCGM users having significantly lower mean number of 
daily injections (1.20, SD 0.80) than BGM (1.53, SD 1.51) 
(p < 0.001). The mean percentage of TBD/TDD was 56% 
(SD 18%), with fCGM having significantly lower ratio 
(55%, SD 17%) than BGM (57%, SD 18%) (p = 0.015).

In terms of bolus insulin prescription, overall, 55.5% 
had a prescription, with more fCGM users being pre-
scribed bolus insulin (79.2%) than those who perform 
BGM (51.8%). The type of bolus insulin most used were 
short-acting analogs (74.7%), followed by ultrashort-act-
ing analogs (16.1%) and human regular (9.2%). Among 
the short-acting analogs, aspart the most preferred insu-
lin (53%), followed by glulisin (23.9%) and lispro (23.2%). 
Comparing bolus insulin prescription patterns, fCGM 
users were prescribed ultrashort-acting analogs more 
frequently (37.2%) than those who perform BGM (11.0%) 
(p < 0.001). The mean total bolus daily dose was 22.77 
(SD 22.61) units/day, with fCGM users having signifi-
cantly lower doses (19.93, SD 18.61) than BGM (23.45, 
SD 23.43) (p < 0.001). The mean total bolus daily dose per 

kilogram was 0.36 (0.35) units/kg/day, with no significant 
differences between fCGM and BGM.

In terms of oral anti-diabetics, only 12.4% of the study 
population had a prescription of an oral anti-diabetic, 
with fCGM having a significantly lower percentage of 
use (6.4%) than BGM (13.3%) (p < 0.001). Of the differ-
ent classes of oral anti-diabetics, metformin was the 
most used (51.2%), followed by combinations of met-
formin + sulfonylurea (9.5%), combinations of metfor-
min + SGLT2 inhibitors (9.3%), and SGLT2 inhibitors 
(6.4%), among other classes and combinations. SGLT2 
inhibitors were used in a significantly higher percentage 
of fCGM users (18.2%) than those who perform BGM 
(5.5%) (p < 0.001). Table  2 presents detailed information 
on treatment patterns.

Comparison of different types of diabetes
Comparing the different types of diabetes, individuals 
with LADA had the highest percentage of basal insu-
lin prescription (88.5%), followed by T1DM (79.5%), 
T2DM (22.8%) and GDM (7.3%), with more fCGM users 
being prescribed basal insulin than those who perform 
BGM, except for LADA for which there were not sig-
nificant difference. The type of basal insulin most used 
were long-acting analogs for T1DM (65.8%) and LADA 
(55.7%), while human NPH was the one most used for 
GDM (83.3%) and T2DM (58.7%). Comparing basal insu-
lin prescription patterns, fCGM users were prescribed 
ultralong-acting analogs more frequently than those who 
perform BGM for all types of diabetes. Regarding bolus 
insulin treatment, individuals with LADA had the highest 
percentage of bolus insulin prescription (72.1%), followed 
by T1DM (71.3%), T2DM (10.1%) and GDM (2.6%), with 
more fCGM users being prescribed bolus insulin than 
those who perform BGM in all types of diabetes, except 
LADA. The type of bolus insulin most used were short-
acting analogs for T1DM (77.0%) and LADA (66.3%), 
while human regular was the one most used for GDM 
(60.0%) and T2DM (45.4%). Comparing bolus insu-
lin prescription patterns, fCGM users were prescribed 
ultrashort-acting analogs more frequently than those 
who perform BGM for all types of diabetes, except GDM. 
More detailed information on the prescription patterns 
per type of diabetes are presented in Supplementary 
Tables 5, 6, 7 and 8.

Glycemic control
In terms of glucose data manually inserted in the app 
by the user, there were only 841 individuals in the study 
population of Glic™ app users who attended the crite-
ria for the glycemic control analyses. Of those, 657 had 
T1DM, 96 had T2DM, 47 had GDM and 41 had LADA. 
Considering that T1DM and LADA represented more 
than 80% (698/841) of this glucose data cohort, have 
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Flash glucose moni-
toring system
(N = 1720)

Blood glucose 
monitoring system 
(N = 11,007)

Total
(N = 12,727)

P 
value

Basal insulin prescription 1441 (83.8%) 6806 (61.8%) 8247 (64.8%) < 0.001
Basal insulin class < 0.001
 Long-acting analog 765 (53.1%) 4366 (64.1%) 5131 (62.2%)
  Detemir 18 (2.4%) 81 (1.9%) 99 (1.9%)
  Glargine 747 (97.6%) 4285 (98.1%) 5032 (98.1%)
 Long-acting analog + GLP1 0 (0%) 1 (0%) 1 (0%)
  Glargine + Lixisenatida 0 (0%) 1 (100%) 1 (100%)
 Ultra-long acting analog 627 (43.5%) 967 (14.2%) 1594 (19.3%)
  Degludec 599 (95.5%) 897 (92.8%) 1496 (93.9%)
  Glargine U300 28 (4.5%) 70 (7.2%) 98 (6.1%)
 Ultra-long acting analog + GLP1 7 (0.5%) 35 (0.5%) 42 (0.5%)
  Degludec + Liraglutida 7 (100%) 35 (100%) 42 (100%)
 Human NPH 41 (2.8%) 1427 (21.0%) 1468 (17.8%)
 Mix 1 (0.1%) 10 (0.1%) 11 (0.1%)
  Humalog Mix 25 1 (100%) 3 (30%) 4 (36.4%)
  Humalog Mix 50 0 (0%) 2 (20%) 2 (18.2%)
  Humulin 70/30 0 (0%) 4 (40%) 4 (36.4%)
  NovoMix 30 0 (0%) 1 (10%) 1 (9.1%)
  Missing 279 4201 4480
Basal insulin – Total daily dose (U/day) < 0.001
 Mean (SD) 22.14 (13.74) 27.68 (15.49) 26.73 (15.35)
 Missing 238 3866 4104
Basal insulin – Total daily dose per kilogram (U/Kg/day) < 0.001
 Mean (SD) 0.36 (0.19) 0.42 (0.22) 0.41 (0.21)
 Missing 344 4111 4455
Basal insulin–Number of daily injections < 0.001
 Mean (SD) 1.20 (0.80) 1.53 (1.51) 1.48 (1.42)
 Missing 236 3858 4094
Bolus insulin prescription 1363 (79.2%) 5699 (51.8%) 7062 (55.5%) < 0.001
Bolus insulin class < 0.001
 Short-acting analog 831 (61.0%) 4446 (78.0%) 5277 (74.7%)
  Aspart 439 (52.8%) 2357 (53.0%) 2796 (53.0%)
  Glulisine 159 (19.1%) 1100 (24.7%) 1259 (23.9%)
  Lispro 233 (28.0%) 989 (22.2%) 1222 (23.2%)
 Ultra-short acting analog 507 (37.2%) 629 (11.0%) 1136 (16.1%)
  Fiasp 507 (100%) 629 (100%) 1136 (100%)
Human Regular 25 (1.8%) 624 (10.9%) 649 (9.2%)
 Missing 357 5308 5665
Bolus insulin – Total daily dose (U/day) < 0.001
 Mean (SD) 19.93 (18.61) 23.45 (23.43) 22.77 (22.61)
 Missing 1068 8323 9391
Bolus insulin – Total daily dose per kilogram (U/Kg/day) 0.566
 Mean (SD) 0.34 (0.30) 0.36 (0.37) 0.36 (0.35)
 Missing 1123 8413 9536
Bolus insulin – Correction factor 24 h < 0.001
 Mean (SD) 52.77 (30.00) 47.92 (59.52) 48.83 (55.23)
 Missing 1124 8428 9552
Bolus insulin – Carbohydrate/insulin ratio 0.076
 Mean (SD) 13.91 (9.60) 14.53 (21.53) 14.41 (19.84)
 Missing 1123 8424 9547
TBD/TDD (%) 0.015
 Mean (SD) 55 (17) 57 (18) 56 (18)

Table 2 Prescription patterns of the study population
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similarities in terms of pathophysiology of endogenous 
insulin deficiency and treatment, and that the population 
profile of these two types of diabetes was similar between 
fCGM users and BGM (See Supplementary Table 9), the 
glucose data analyses were grouped for these two types of 
diabetes. Comparisons of population profile between all 
eligible patients and this glucose data cohort are also pre-
sented in Supplementary Table 10. The mean 24  h glu-
cose level was 180.24 mg/dL (SD 46.76), with fCGM users 
having a non-significant lower glucose level (174.58 mg/
dL, SD 39.40) than those who perform BGM (181.41 mg/

dL, SD 48.10) (p = 0.212). When this population of T1DM 
and LADA were split into adults (> 18 years) and chil-
dren and adolescents (< 18 years), the mean 24 h glucose 
level in adults was lower (179.04 mg/dL, SD 47.34) than 
in children and adolescents (185.69 mg/dL, SD 43.81). In 
both age groups, fCGM users had a non-significant lower 
glucose level than those who perform BGM, with glu-
cose levels of 174.27  mg/dL (SD 38.90) and 179.80  mg/
dL (SD 48.55) (p = 0.467) in adults and of 175.18 mg/dL 
(SD 40.83) and 190.75  mg/dL (SD 44.52) (p = 0.072) in 
children and adolescents, respectively. Table  3 presents 

Table 3 Glucose levels of the type 1 diabetes and LADA individuals who attended the glycemic control analyses requirements
Flash glucose monitoring system
(N = 120)

Blood glucose monitoring system (N = 578) Total
(N = 698)

P value

24 h glucose level (mg/dL) 0.212
 Mean (SD) 174.58 (39.40) 181.41 (48.10) 180.24 (46.76)
 Missing 0 0 0
Nocturnal glucose level (mg/dL) 0.007
 Mean (SD) 226.00 (75.11) 192.38 (86.78) 196.84 (85.97)
 Missing 79 310 389
Pre-prandial glucose level (mg/dL) 0.061
 Mean (SD) 167.34 (35.37) 177.07 (47.07) 175.38 (45.38)
 Missing 2 17 19
Post-prandial glucose level (mg/dL) 0.645
 Mean (SD) 183.44 (58.62) 187.07 (64.67) 186.43 (63.62)
 Missing 5 42 47
Glycemic control categories*
 Normoglycemia 55% 51% 52%
 Level 2 hypoglycemia 1% 2% 1%
 Level 1 hypoglycemia 3% 4% 4%
 Level 1 hyperglycemia 23% 23% 23%
 Level 2 hyperglycemia 17% 21% 20%
SD, standard deviation

* N not presented as the proportion of glycemic control categories was calculated using the daily weighted average per user

Flash glucose moni-
toring system
(N = 1720)

Blood glucose 
monitoring system 
(N = 11,007)

Total
(N = 12,727)

P 
value

 Missing 1094 8417 9511
Oral anti-diabetics prescription 110 (6.4%) 1464 (13.3%) 1574 (12.4%) < 0.001
Oral anti-diabetics class < 0.001
 Metformin 46 (41.8%) 760 (51.9%) 806 (51.2%)
 Sulfonylureas 0 (0.0%) 62 (4.2%) 62 (3.9%)
 Glitazones 1 (0.9%) 7 (0.5%) 8 (0.5%)
 DPP4 inhibitors 7 (6.4%) 26 (1.8%) 33 (2.1%)
 GLP1 agonists 4 (3.6%) 19 (1.3%) 23 (1.5%)
 SGLT2 inhibitors 20 (18.2%) 81 (5.5%) 101 (6.4%)
 Acarbose 1 (0.9%) 6 (0.4%) 7 (0.4%)
 Metformin + Sulfonylurea 0 (0.0%) 149 (10.2%) 149 (9.5%)
 Metformin + SGLT2 inhibitors 15 (13.6%) 131 (8.9%) 146 (9.3%)
 Metformin + DPP4 inhibitors 5 (4.5%) 51 (3.5%) 56 (3.6%)
 Other combination drugs 11 (10.0%) 172 (11.7%) 183 (11.6%)
DPP4, dipeptidyl peptidase 4; GLP1, glucagon-like peptide 1; SD, standard deviation; SGLT2, sodium-glucose transport protein 2; TBD/TDD, total basal dose and total 
daily dose of insulin; U, units

Table 2 (continued) 
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the detailed glucose levels analyses for the T1DM and 
LADA individuals, including nocturnal, pre-prandial and 
post-prandial glucose levels. Supplementary Tables 11 
and 12 presents the detailed glucose levels analyses for 
the adults and children and adolescents with T1DM and 
LADA. For T2DM, the mean 24 h, nocturnal, pre-pran-
dial and post-prandial glucose levels were 144.28 mg/dL 
(SD 48.33), 156.36 mg/dL (SD 70.19), 139.77 mg/dL (SD 
39.95), 161.98 mg/dL (SD 68.53), respectively. For GDM, 
the mean 24 h, nocturnal, pre-prandial and post-prandial 
glucose levels were 102.47 mg/dL (SD 9.02), 110.24 mg/
dL (SD 17.95), 88.43 mg/dL (SD 7.76), 112.12 mg/dL (SD 
9.65), respectively. Comparisons between fCGM users 
and BGM were not possible for these two types of dia-
betes as there were only two and one fCGM users among 
these T2DM and GDM individuals, respectively.

In terms of factors associated with a better glycemic 
control, in a population of 376 individuals with all four 
types of diabetes for which there were complete data, it 
was found in this present study that a higher frequency of 
use of Glic™ and a higher percentage of TBD/TDD were 
associated with a higher odds of being euglycemic. On 
the contrary, obesity was associated with dysglycemia. 
The use of fCGM tended to be associated with euglyce-
mia compared to BGM; however, this association was not 
statistically significant. There were no associations with 
a better glycemic control for all other factors, including 
age, country region, years of diabetes diagnosis, class of 
basal and bolus insulin, number of basal insulin injec-
tions and carbohydrate/insulin ratio (Fig. 1).

Regarding the switch of glucose monitoring method 
from BGM to fCGM, of the 211 individuals included in 
this analysis, 35% were dysglycemic when using BGM. 
This number dropped to 30% after switching to fCGM, 
but without statistical significance (p = 0.24). There was 
also no difference in the therapeutic regimen (basal and 
bolus insulin) after changing from BGM to fCGM.

Discussion
This study is the first and largest RWE study to describe 
and compare the population profile, treatment patterns 
and glycemic control of fCGM and BGM in a popula-
tion of users of a real-world digital health patient sup-
port platform (Glic™) who have T1DM, T2DM, GDM 
and LADA in Brazil. We found that, of a total of 12,727 
individuals who use the Glic™ platform for diabetes man-
agement support, the majority still perform BGM as their 
glucose monitoring method, with less than 15% of them 
using fCGM. In addition, most Glic™ users had T1DM 
and a higher proportion of fCGM users had T1DM in 
relation to the other types of diabetes when compared to 
BGM. Importantly, population characteristics of fCGM 
users were significantly different from those who per-
form BGM, being younger, having a higher proportion of 

males, being more concentrated in the Southeast region 
of Brazil, having a lower BMI, a longer diabetes diagnosis 
time, and using Glic™ platform more frequently.

The higher proportion of BGM demonstrates that, in a 
low-middle-income country like Brazil, BGM is still the 
standard method of monitoring glucose levels, especially 
because people with insulin-dependent diabetes are pro-
vided with glucose monitors and test strips for free by the 
Brazilian Public Unified Health System, under a national 
regulation published in 2007 [17, 18]. Also, in Brazil, 
fCGM was the only standalone continuous glucose moni-
toring device available until July 2024. In addition, the 
finding that, in the Glic™ platform and among fCGM users, 
there were more individuals with T1DM is explained by 
the fact that people with T1DM usually have to monitor 
their glucose levels more frequently than other types of 
diabetes and, thus, the use of fCGM is more convenient 
[8]. This scenario is confirmed by our study finding that 
fCGM users use Glic™ more frequently to register their 
measured glucose levels in the app and have guidance in 
bolus insulin calculation through the Glic™ carbohydrate 
counting calculator. Digital health platforms, together with 
glucose monitoring, enhance blood glucose management 
by providing real-time data and insulin dosing guidance, 
offering particular benefits for T1DM individuals [19]. 

Overall, the younger age of fCGM users can be attrib-
uted to a higher proportion of T1DM in the study popu-
lation, as T1DM patients tend to be diagnosed earlier in 
life. Looking at the four different types of diabetes evalu-
ated in our study, for T1DM, fCGM users were younger 
than those who perform BGM, while for T2DM, fCGM 
users were older, and there were no differences for GDM 
and LADA. In addition, for T1DM, there was a higher 
percentage of male individuals and those residing in the 
Southeast region of Brazil in fCGM users compared to 
BGM; while there were no differences in the other types of 
diabetes. This finding might be explained by the fact that 
the Southeast region is the largest populous region of Bra-
zil and is responsible for more than half of Brazil’s gross 
domestic product (GDP), with higher average incomes, 
particularly among men, and thus, newer technologies, 
such as fCGM and apps are usually more readily avail-
able for the male population in this region. In terms of 
years of diabetes diagnosis, for T2DM and GDM, fCGM 
users had longer diagnosis time compared to BGM, while 
for T1DM, fCGM users had a slightly shorter diagnosis 
time, and there was no significant difference in LADA 
individuals. The lower average age at diagnosis of T1DM 
compared to T2DM may help explain this, as younger 
individuals with T1DM might be more inclined to be 
early adopters [20, 21]. However, further studies regard-
ing association between longer diabetes duration and 
increased use of advanced technologies are needed. This 
highlights the multifaceted nature of factors influencing 
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both adherence and the adoption of innovations [22, 23]. 
Furthermore, the lower BMI observed in fCGM users 
aligns with findings that individuals with better treatment 
adherence, including healthier diets and regular physical 
activity, are more likely to utilize advanced diabetes tech-
nologies [24, 25]. These findings suggest that fCGM is 
appropriate for use and has a high usability irrespective of 
age, sex and time of diabetes diagnosis.

Regarding prescription patterns, overall fCGM users 
had a significantly higher percentage of basal and bolus 
insulin prescription, as well as were prescribed signifi-
cantly more ultra-long and ultra-short acting analogs as 
their basal and bolus insulin, respectively, and less oral 

anti-diabetics compared to BGM. Concerning the differ-
ent types of diabetes, for those with T1DM, T2DM and 
GDM, fCGM users were prescribed basal and bolus insu-
lin more often than those who perform BGM, while for 
LADA there was not a significant difference. Interestingly, 
the type of basal and bolus insulin most used in T1DM and 
LADA were long and short-acting analogs, respectively, 
while NPH and regular insulin were the ones most used 
for GDM and T2DM, respectively. The higher prescription 
of insulin analogs in T1DM aligns with Brazilian Diabetes 
Society guidelines, recommending long-acting and short-
acting analogs for better glycemic control and reduced 
hypoglycemia events [26]. In addition, fCGM users were 

Fig. 1 Forest plot of factors associated with a better glycemic control
BMI, body mass index, CI, confidence interval; GLP1, glucagon-like peptide 1; OR, odds ratio; SD, standard deviation; TBD/TDD, total basal dose/total daily 
dose
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prescribed ultralong and ultrashort-acting analogs more 
frequently than those who perform BGM for all types of 
diabetes, except GDM. The increased use of the Glic™ plat-
form by fCGM users for bolus insulin calculation supports 
this, as it facilitates insulin dosing accuracy and a better 
understanding of insulin action on glucose levels. This, 
in turn, helps select analogs insulin optimizing treatment 
outcomes.

In our study, we also found that the percentage of basal 
insulin was significantly lower among fCGM users com-
pared to BGM in those with T1DM. This finding suggests 
that fCGM may facilitate the identification of hypoglycemic 
events, which may contribute to subsequent reductions in 
basal insulin dosage, which may, in turn, reduce further 
hypoglycemic events. These patterns highlight the role of 
fCGM in improving insulin therapy [7, 27]. We anticipate 
that this therapeutic evolution, combined with the incor-
poration of rapid and long-acting insulin analogs and the 
availability of digital tools that automate bolus insulin cal-
culations, like Glic™, will lead to improved glycemic control 
and reduced hypoglycemia events in insulin users in Brazil.

In our study, considering only the T1DM and LADA indi-
viduals, fCGM users tended to have lower glucose levels 
than BGM. Our results were in line with previous evidence 
from RCTs and RWE studies that showed that fCGM is 
associated with a better glycemic control [7–11]. However, 
although fCGM users tended to have a better glucose man-
agement in our study, the difference was not statistically 
significant probably due to the small sample size of the pop-
ulation for which the glucose levels were evaluated. As there 
were no requirements of minimal frequency of use of the 
Glic™ platform, we decided to only analyze glucose levels 
for those individuals who had inserted in the Glic™ platform 
at least one glucose measurement per day in five different 
days in a week in the last four weeks to have a more robust 
inference on the impact of fCGM in the glycemic control. 
This low number of individuals who inserted a minimum 
number of glucose measurements might also be influenced 
by the fact that, even for fCGM users, the glucose level had 
to be manually inserted in the Glic™ app, as there was no 
integration between the fCGM device and Glic™ app to do 
an automatic data transfer. Although, with this strategy, we 
could guarantee more robust evidence, there was a trade on 
the number of individuals with the necessary data for the 
analyses, which, in turn, resulted in less power to detect a 
difference between groups. Of note, we could identify a few 
factors that were associated with a better glycemic con-
trol. One of these factors is the use of the Glic™ platform in 
a higher frequency, which is also in accordance with other 
studies supporting the use of digital health platforms/apps 
as a strategy to improve glycemic control [28]. 

Our study has a unique strength as it is a RWE study con-
ducted through a digital health patient support platform, 
which is currently being used by thousands of people with 

diabetes in a low-middle-income country. Digital health 
platforms enable us to generate evidence using real-world 
data in a more efficient way, through the analysis of relevant 
data on very large populations. However, our study also has 
some limitations. First, our study evaluated self-reported 
data and there was no confirmation of diagnosis of diabetes 
through laboratory results or medical notes in the platform. 
Second, as the platform is a user-directed platform, no data 
checks or validation through data queries are performed in 
the platform, so incorrect data entered in the platform was 
not verified at the data entry point. We tried to mitigate this 
issue in the data analysis, in which we did several data treat-
ments as described in the methods. Third, the results pre-
sented in this study reflect the findings among individuals 
with T1DM, T2DM, GDM and LADA who use the Glic™ 
platform and, therefore, do not represent the whole popu-
lation of people with diabetes in Brazil. Nonetheless, the 
insights provided by these results on this very large popula-
tion of people with diabetes are valuable.

Conclusion
This is the first and largest RWE study to describe and com-
pare fCGM and BGM, in terms of population characteristics 
and prescription patterns, in a population of users of a real-
world digital health patient support platform (Glic™) with 
T1DM, T2DM, GDM and LADA in Brazil. In this study, we 
found that the majority of individuals who use the Glic™ plat-
form for diabetes management support had T1DM and still 
perform BGM as their glucose monitoring method. Among 
fCGM users, there was a higher proportion of T1DM indi-
viduals as they tend to be earlier adopters of newer technol-
ogies such as Glic™ and fCGM sensors given their need to 
monitor their glucose levels more closely than other types of 
diabetes. We were able to identify differences in population 
characteristics and prescription patterns among those using 
BGM compared to fCGM as well as among the different 
types of diabetes and these suggest that fCGM is appropri-
ate for use and has a high usability irrespective of age, sex 
and time of diabetes diagnosis. We also found differences in 
prescription patterns that corroborates with the fact that the 
use of the digital health patient support platforms, such as 
Glic™, together with glucose monitoring via fCGM facilitates 
insulin dosing accuracy and selection of insulin analogs to 
optimize treatment outcomes. Finally, glycemic control was 
found to be better in fCGM users, although not statistically 
significant due to a restricted sample size. Importantly, a 
higher frequency of Glic™ use and higher percentage of basal 
insulin were associated with a better glycemic control.
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