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Abstract

Objective: The present study was designed to get evidence-based data for assessing the effectiveness of real-time
(rt) or intermittently scanned (is) CGM sensors and comparing their burdens and benefits among patients of type 1
diabetes mellitus (TLDM) in our setup.

Method: A cross-sectional study with nonprobability convenience sampling was performed from July 2023-
December 2023 on all the patients and parents of patients with TIDM, on insulin therapy enrolled with Meethi
Zindagi. With ethical consent, a validated questionnaire was filled out by participants. Burdens and benefits of
technology were assessed in isSCGM and rtCGM users.

Results: Of the 53 participants, 34 were male and 19 female. A total of 41 were isCGM users, whereas 12 were
using rtCGM. Levels of HbAlc were significantly lower in the rtCGM group (p value=0.015). As compared to the
isSCGM group, the percentage of rtCGM users having <7% HbAlc was more (84%) with a significant p-value of
0.005. Comparing CGM benefits in terms of item agreement, 100% of all rtCGM users agreed to easy “diabetes
care” and “management of hypoglycemia”. Regarding “less fingerpicks” and “feeling of security” majority
(91.7%, 75%) of rtCGM users were in favor. The majority of the participants of both groups found CGM devices
expensive; 28 out of 41 in the case of tCGM and 8 out of 12 of iSCGM users.

Conclusion: This analysis highlights the encouraging benefits of rtCGM for better glycemic outcomes in
the population with TIDM. The data supports the significance of real-time sensors for easy care of diabetes and
management of hypoglycemia, providing guidance to clinicians while discussing one-to-one care preferences with
their patients. Support for making it more cost-effective, as well as working out to address specific hurdles are
needed to grow technology.

Keywords: Continuous glucose monitoring, intermittently scanned CGM, real-time CGM, and type 1 diabetes
mellitus.
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Introduction

Prevalence of diabetes is continuously increasing
globally; it is anticipated that by 2040 more than 700
million people will be suffering from this disorder.*
by 2040, the number of prevalent cases is projected
to rise to between 13.5 and 17.4 million, representing
a 60% to 107% increase compared to 2021. The most
significant relative growth is expected in low-income
and lower-middle-income countries.? Recent data
collected in Pakistan reported the incidence of TLDM
1.02 per 100,000 per year.®

The continuous glucose monitoring (CGM) system
has taken an important place in the management of
T1DM. This system is capable of replacing the
disadvantages or problems faced by routinely used
portable glucose meters along with test strips and
lancets at home.* CGM technology is nearly
replacing self-management of blood glucose
(SMBG) in patients with diabetes taking insulin
therapy. °

Abundant obtainable data is establishing the
advantages of CGM in patients with diabetes, in
terms of HbALlc reduction, less hypoglycemic events
and diabetes-related stress with an overall
improvement in life quality.® CGM systems come in
the form of either real-time (rt) or intermittently
scanned (is) CGM, both types are shown to have
benefits.®

Around 1.5 million people are using iSCGM
worldwide’, which transfers the data on a reader or
smartphone by scanning the sensor manually. With
this device, the user has to put extra effort into
scanning the sensor by hand. More recent research
highlights the positive effects of iSCGM use in
diabetes management by reducing hypoglycemia and
improving long-term glucose control.®

In the case of rtCGM, data is automatically
transmitted to a smartphone.® rt-CGM device
supports patients and clinicians in identifying blood
glucose trends, making it easier to modify diets,
manage insulin doses, and drive the individual for
physical activity.’® Better control of glucose levels
with rt CGM is seen as compared to isSCGM.® Recent
evidence proves the greater effectiveness of rtCGM
compared to iSCGM in reducing the time of
hypoglycemia and increasing the time in range with
improved HbA1c levels in patients with TIDM.™ It
helps in the easy management of T1DM with an
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increased sense of safety, however, operating the
device has been found challenging.®

We have already determined the significant effect of
the overall CGM devices on glycemic control in
T1DM patients12. Thus there is a need to explore the
experiences of different types of CGM technology
among patients of T1DM for better diabetes care in
our set-up. It will also help healthcare professionals
(HCPs) to choose which type of CGM device can
benefit their patients in diabetes management. For
this purpose, the present study was designed to get
evidence-based data through a  validated
questionnaire for assessing the effectiveness of
iISCGM and rtCGM and comparing their burdens and
benefits.

Methodology

This research work was ratified by the Ethical
Committee of the HITEC-Institute of Medical
Sciences, Taxila. It was a cross-sectional study with
nonprobability convenience sampling. All patients of
T1DM of all age groups, enrolled with Meethi
Zindagi (MZ2), on insulin therapy, and using iSCGM
(Free Style Libre 1) or tCGM devices were included
in the study. HbAlc data was collected from patients
using a Google Form. Individuals with any other type
of diabetes were excluded. The total number of
enrolled patients who met the inclusion criteria
during the study period was 53. The usefulness and
weaknesses of the CGM systems were evaluated
using a validated questionnaire 13 via the MZ
platform. The questionnaire depicts 8 items for
benefits and burdens each. To rate each item, 1
describes strongly disagree, 2 disagree, 3 neutral, 4
agree and 5 strongly agree. A higher mean score
shows the participant's agreement with the item.
Parents were asked to fill out the questionnaire in
case of patients less than 12 years of age. Data was
collected in six months, from July - December 2023.
The participants were divided into two groups;
iISCGM and rtCGM users.
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Statistical analysis was done with SPSS software
(version 25.0.0.2, 2018). For quantitative variables,
mean and standard deviation (SD) and for categorical
data, numbers and percentages were calculated. The
chi-square and independent sample t-test were used
for the comparison of variables in both groups. The
association of variables was determined by the
Spearmen correlation. P value <0.05 was considered
statistically significant.

Results

Of the 53 participants, 34 were male and 19 were
female. A total of 41 were isCGM users, whereas 12
were using rtCGM. Levels of HbAlc were
significantly lower in thertCGM group (p
value=0.015), a significantly higher proportion of
rtCGM users achieved HbAlc <7% (84%)
compared to isSCGM wusers (p = 0.005).
Characteristics of participants including gender,
age, duration of diabetes and physical activity
between both group’s iSCGM and rtCGM were
statistically the same. (Table 1).

Almost all participants agree with the benefits of
CGM use. (Table 2A).

Comparing CGM benefits in terms of item
agreement, 100% of rtCGM users agreed to easy
“diabetes care” and “management of hypoglycemia”
in contrast to the isCGM group where few were
neutral. Regarding “fewer fingerpricks” and
“feeling of security” in contrast to the isCGM
group, majority (91.7%, 75%) of rtCGM users were
in favor. (Table 2B).

When looking at the average scores for how
participants perceived the burden of using CGM,
most either agreed or disagreed with the statements.
However, when it came to the cost of the device,
most participants were either neutral or agreed. The
average score was 3.68 + 1.46 for iSCGM users and
3.83 = 1.47 for rtCGM users, with no significant
difference between them (p = 0.75). Sensor
technology was found equally burdensome due to
both types' high cost. There was no statistically
significant difference was noted between the two
groups except item “painful to wear” showing 2.12
+1.005 with isSCGM while 1.42 +0.90 with tCGM
(p = 0.03). Here difference was only evident
between disagreed and strongly disagreed. (Table
3A).

Volume 1, Issue 1, September-October 2025

J. PAMS. Vol. 1 (1)

When comparing burdens in terms of item
agreement, majority of the participants of both
groups found CGM device expensive; 28 out of 41
in case of rtCGM and 8 out of 12 of iSCGM users.
While analyzing the statement, “readings not
trusted”, majority of the isCGM users did not agree
while few were neutral or agreed. In contrast, in
rtCGM group equal number of participants were
neutral or showed disagreement. Main stream of the
participants of both groups opposed the statement
that sensor was not helpful. (Table 3B).

Table 1—Baseline characteristics of

participants

Variables isSCGM rtCGM P-value
(n=41) (n=12)
Male; n (%) 29(71) 5(42) 0.09
Female; n (%) 12(29) 7(58)
Age, years; median | 10(6.0 —19.5) 13(9 - 34) 0.28
(IQR)
Duration of diabetes, | 4 (2-7) 4 (2-17.75) 0.39
years ; median (IQR)
Physical activity; n (%)
Mild 14(34) 4(33) 0.98
Moderate 21(51) 6(50)
Strenuous 6(15) 2(17)
HbA1c levels
Mean+SD 7.28+0.80 6.63+0.73 0.015
HbA1c; n (%)
<% 13(32) 10(84) 0.005
7-8% 23(56) 01(8)
>8% 05(12) 01(8)
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Table 2A—Benefits of CGM use: Mean Scores.
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CGM Diabetes Alarms Less Helps Feel Family Diabetes Helps
Type care are Finger- with low more wants care during
easier o | helpful o | sticks o | blood o | secure ® o | better o | exercise ®
> > > > > > > >
g g EN Rl - g g g g
a a a a a a a a
isCG 4.34 09 | 3.39 05 | 4.05 0. | 424 0. | 4.02 0. | 3.98 0. | 410 0. | 329 0.89
M +0.62 7 +1.05 9 +0.97 50 | +0.58 97 | +91 63 | +0.79 38 | +0.89 62 | +1.01
(n=41 4
)
ncG 433 3.58 4.25 4.25 4.17 3.75 4.25 3.25
M +0.49 +1.17 +0.62 +0.45 +.84 +0.75 +1.06 +0.87
(n=12
)
Table 2B—Benefits of CGM Use: Item Agreement.
CGM Frequency Diabetes Alarms are | Less Helps with | Feel more | Family Diabetes Helps during
Type (%) care easier helpful fingersticks low blood | secure wants care better exercise
sugar
iSCGM | Strongly agree | 17(41.5) 9(22) 17(41.5) 13(31.7) 14(34.1) 12(29.3) | 15(36.6) 7(17.1)
(n=41)
Agree 21(51.2) 6(14.6) 12(29.3) 25(61.0) 17(41.5) 16(39) 18(43.9) 7(17.1)
Neutral 3(7.3) 18(43.9) 9(22) 3(7.3) 7(17.1) 13(31.7) | 5(12.2) 18(43.9)
Disagree 0 8(19.5) 3(7.3) 0 3(7.3) 0 3(7.3) 9(22.0)
Strongly 0 0 0 0 0 0 0 0
disagree
rntCGM Strongly agree | 4(33.3) 4(33.3) 4(33.3) 3(25) 5(41.7) 2(16.7) 7(58.3) 2(16.7)
(n=12)
Agree 8(66.7) 1(8.3) 7(58.4) 9(75) 4(33.3) 5(41.7) 2(16.7) 0
Neutral 0 5(41.7) 1(8.3) 0 3(25) 5(41.7) 2(16.7) 9(75)
Disagree 0 2(16.7) 0 0 0 0 1(8.3) 1(8.3)
Strongly 0 0 0 0 0 0 0 0
disagree
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Table 3A—Burdens of CGM Use: Mean Scores.
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CGM Too Painf Readi Too Not Cause Embar Hard
Type costly ul to ngs muc helpf worry rassed to
wear not h ul wearin under-
truste time g stand
d to
use
(5] (3] (5] (5] (5] (5] (5] (5]
= = = = = = = =
© © o o o © [ ©
> > > > > > > >
a a a a a a a a
isCGM | 3.68 0.7 2.12 0.03 2.10 0.59 | 1.90 0.96 1.59 0.1 212 0.08 1.90 0.13 1.90 0.2
(n=41) | £1.457 +1.00 +0.86 +0.80 +0.7 +0.98 +0.80 +0.80
5 4
rntCGM | 3.83 1.42 2.25 1.92 1.25 1.58 1.50 1.58
(n=12) | +1.47 +0.90 +0.87 +1.08 +0.6 +0.67 +0.79 +0.90
2
Table 3B—Burdens of CGM Use: Item Agreement
Frequency Too costly | Painful to | Readings Too much | Not Cause Embarrassed Hard
(%)CGM wear not trusted timetouse | helpful worry wearing understand
isSCGM | Strongly 16(39) 0 0 0 0Type 0 0 0
(n=41) | agree
Agree 12(29.3) 3(7.3) 3(7.3) 2(4.9) 0 4(9.8) 1(2.4) 1(2.5)
Neutral 3(7.3) 14(34.1) 8(19.5) 5(12.2) 6(14.6 10(24.4) 8(19.5) 8(19.5)
Disagree 4(9.8) 9(22) 20(48.8) 21(51.2) 12(29.3) 14(34.1) 18(43.9) 18(44)
Strongly 6(14.6) 15(36.6) 10(24.4) 13(31.7) 23(56.1) 13(31.7) 14(34.1) 14(34.1)
disagree
rtCGM | Strongly 6(50) 0 0 0 0 0 0 0
(n=12) | agree
Agree 2(16.7) 1(8.3) 0 1(8.3) 0 0 0 1(8.4)
Neutral 1(8.3) 0 6(50) 3(25.0) 1(8.3) 1(8.3) 2(16.6) 0
Disagree 2(16.7) 2(16.7) 3(25) 2(16.7) 1(8.3) 5(41.7) 2(16.7) 4(33.3)
Strongly 1(8.3) 9(75) 3(25) 6(50.0) 10(83.3) 6(50) 8(66.7) 7(58.3)
disagree
Discussion National Institute for Health and Care Excellence
(NICE), is according to the individual’s

CGM technology has professed barriers or benefits
conferring to the experiences of individuals with
T1DM.* Choice of the CGM, recommended by The
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requirements and preferences, and the availability of
the devices.’® For that purpose, the present study
explored the perceptions of CGM technology in
T1DM patients of all age groups.
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Demographically the larger study population was
<13 years of age, had a higher female %age, better
HbAlc, and longer duration of diabetes in
individuals who were rtCGM users as compared to
iSCGM. Similar results were reported by Brown RE
et.al.’® Among isSCGM users of our study, the
majority were young adults parallel to findings of
previous data; where 88% of the study population
was younger individuals using isSCGM sensors.*’
Our major concern was comparing the impact of
both devices on glycemic control. There was a
noticeable difference in HbAlc levels in both the
groups; <7% of HbAlc level was found in the
majority of rtCGM users as compared to those
wearing intermittently scanned sensors in parallel to
a recent analysis that demonstrated the role of
different types of devices in improving HbAlc and
advocated the superiority of real-time sensors over
iSCGM.® Study states that the presence of an alert
system and real-time readings of blood glucose
levels are the reasons for better glycemic control
with tCGM°® Another study on isCGM users
showed that patients transitioned to rtCGM for
better diabetes management and achieved improved
outcomes with fewer low blood sugar episodes and
more stable glucose levels.!

Our data validates the better life quality with the use
of either technology, including all age groups. A
survey, regardless of any specific age supports that
sensor technology may improve quality of life,
increase feelings of safety, and self-reliance in
diabetes management and, stress-free everyday
life.®® A Dutch analysis of adults with TLDM using
rtCGM highlights less anxiety with better physical
and emotional health in these individuals.10
Youngsters describe easy insulin dose and diet
management, upkeeping sports activities and
diabetes care in school and outside, with the use of
rtCGM.*°

Increased risk of hypoglycemia especially at night is
a common problem in the pediatric age group of
T1DM patients.™ Our users’ satisfaction was almost
equal with both devices; nearly all the participants
agreed that CGM helps with low blood sugar.
Conversely, Zhou Y et al illustrate more satisfaction
with rtCGM and found it a safer choice for
individuals  facing nocturnal hypoglycemia.?®
Similarly another study shares the comparison of
sensors in children and establishes a remarkable
reduction of hypoglycemia in rtCGM users.?
Although both systems are clinically acceptable, the
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real-time device is more promising than iSCGM,
however, the aptness of the systems depends on
individuals’ requirements and choices.?

The presence of alerts and continuous blood glucose
data in rtCGM enables patients to timely address the
low or high blood sugar, especially after meals and
exercise, observing good glycemic control.®
Moreover, keeping the blood sugar most of the time
within range is also possible with this alarm
system.?* Real-time CGM was found superior over
the first generation isCGM that lacks an alert
system.!* Contrariwise, sensor alarms may be
bothersome for some individuals as experienced in
our study. Likewise, previous data emphasizes
alarm fatigue and distress in children and their
families using CGM technology.’®  Alarm
exhaustion with ntCGM needs to be addressed
distinctly. The alarm feature is missing in iSCGM
(Free Style Libre 1) used in this study. The new
FreeStyle Libre 2 system is more accurate and
efficient with an alert system for better glycemic
control.?>  We were not able to figure out the
number of patients using either version of iSCGMs.
This may be the reason for neutral results with the
statement, “alarms are helpful”.

Concerned families and parents of TIDM children
when involved in diabetes care may find it a hefty
burden. Our participants who wore a device when
“family wants” supported to reduce caregivers’
burnout. Families recount the benefits of CGM for
easy diabetes management, reduced worries about
hypoglycemia and generalized emotional well-being
in individuals with TIDM.?®

Regarding exercise management with CGM, users
of both devices yielded similar answers; the
majority were neutral. However, 22% of iSCGM
users did not agree with the statement. Contrasting
experiences of rtCGM users were described, finding
the device helpful in correcting upcoming
hypoglycemia during exercise,?® recommending
rtCGM use in young patients involved in regular
workouts. A lack of awareness about the device
may be the reason for our neutral results.

Data exploring the adoption of digital health
technology (DHT) including CGM among diabetic
patients in Pakistan showed that gender differences,
varied education and income levels highlight how
socioeconomic factors affect its implementation.
Sixty percent cited cost as the primary issue.
However, 97% expressed willingness to adopt DHT,
indicating strong growth potential if affordability
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was addressed. Cultural resistance was low, but lack
of government support remained a significant
challenge for widespread adoption.?”

A small percentage of our study participants showed
some other undesirable effects of both devices
including wear-related concerns, life incursions,
mistrust of readings, and idealistic anticipations.
Such types of problems described as psychosocial
impediments associated with diabetes technology
were also seen in the adult population of diabetes.18
CGM is certainly the impending technology in
management of T1DM. It is approaching to have
enhanced glucose control and reduced burden of
care in these patients,?® making a U-turn in diabetes
care with a healthier quality of life.®® Increased
facilitation to make the best use of different kinds of
CGM sensors and to curtail their related problems is
also needed. Trained clinicians can make
appropriate patient selections based on individual
needs and preferences to achieve maximum benefit
from this technology.?

Real time CGM is found superior to isCGM mainly
because it provides continuous real-time glucose
data with alerts for high or low levels, allowing
users to take immediate action and maintain better
glycemic control. Users who actively respond to
these alerts tend to achieve improved outcomes.
However, in low-resource settings, the high cost,
limited availability, lack of trained healthcare
support, and socioeconomic factors pose significant
barriers to rtCGM adoption. Overcoming these
challenges through subsidies, education, and
improved healthcare infrastructure is essential to
make this technology accessible and effective for all
patients.

Limitations: The major limitation was the small
sample size which may be insufficient to draw
inferences for some quantitative assessments.

Conclusion

This analysis highlights the encouraging benefits of
rtCGM for better glycemic outcomes in
the population with TIDM. The data supports the
significance of real-time sensors for easy care of
diabetes and the management of hypoglycemia.
These findings provide substantial guidance to
clinicians  while discussing one-to-one care
preferences with their patients. Support for making
it more cost-effective and insurance coverage, as
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well as working out to address specific hurdles are
needed to grow CGM technology.
Recommendations:

e A multicenter large-scale study should be
conducted

e Regional education and support in multiple
languages/formats should be offered to
understand the CGM use.

e Training programs should be conducted to
improve digital skills and guide CGM
usage.

e User-friendly tools should be developed to
ease CGM usage.

o Feedback mechanisms should be set up
(surveys, focus groups, user reviews) for
ongoing input.
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