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Abstract

Background: The development of minimally invasive continuous glucose monitoring systems (CGMs) has transformed
diabetes management. CGMs have shown clinical significance by improving time in the euglycemic range, decreasing rates of
hypoglycemia, and improving hemoglobin Ai; (HbA1.). In Rwanda, CGMs are currently not routinely used, and no clinical
studies of CGM use were identified in the literature.

Objective: This study aims to determine the impact and feasibility of real-time CGM use among people living with type 1
diabetes (T1D) in Rwanda through assessment of sensor use, time in range, rates of hypoglycemia and hyperglycemia, HbA,
and rates of diabetes-related hospitalizations over time.

Methods: The Continuous Glucose Monitoring Among Patients with Type 1 Diabetes in Rwanda (CAPT1D) study is a
single-arm, prospective observational study conducted at the Rwandan Diabetes Association clinic in Kigali, Rwanda, aiming
to assess the impact and feasibility of CGM use in Rwanda. A cohort of 50 participants diagnosed with T1D were enrolled.
Participants were at least 21 years old, undergoing multiple daily insulin therapy, and not currently pregnant. Phase I of the
study was conducted over 12 months, using the Dexcom G6 CGM. Phase II and Phase III extended CGM use for an additional
6 months respectively, using the next-generation Dexcom G7 CGM. Here, we report the quantitative results of the Phase I
study.

Results: Participants used the sensor for >80% of the time throughout the study period. A significant increase in time
in range was observed within 3 months and sustained over 12 months. HbA|. decreased significantly in 3 months and
stayed lower throughout the 12-month period. Mean HbA . levels decreased by 2.8% at 6 months (P<.001) and 3.2% at 12
months (P<.001). A total of 12 diabetes-related hospitalizations were reported during the study period. No cases of diabetic
ketoacidosis or episodes of severe hypoglycemia occurred.

Conclusions: Significant and meaningful improvements in key glycemic indices indicate the potential feasibility and impact
of a CGM among people living with T1D in Rwanda. Future studies could be designed to include pre- and postintervention
analysis to determine the effectiveness in terms of complications and costs.
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Introduction

The International Diabetes Federation reports that there are
537 million adults aged 20-79 years living with diabetes
worldwide, with estimates that this number will increase
to 700 million by 2045 [1]. There are more than 19 mil-
lion adults with diabetes living in the African region [1],
and in the International Diabetes Federation’s latest report,
Rwanda had a prevalence of diabetes registered at 2.7%
(168,900/6,358,500) [2]. For those people with diabetes
classified as having type 1 diabetes (T1D), the only treat-
ment is through the administration of insulin exogenously.
In addition, people with type 2 diabetes may need intensive
insulin therapy with disease progression or poor management
with noninsulin therapies. In both cases, glucose monitoring
is necessary [3] to prevent or treat acute (hypoglycemia,
hyperglycemia, and diabetic ketoacidosis [DKA]) or chronic
(microvacular and macrovascular) complications, and more
frequent monitoring has been shown to have better diabetes
outcomes [4].

Traditional methods of glucose monitoring among people
with diabetes have been through finger-stick blood sugar
checks, referred to as self-monitoring blood glucose (SMBG),
involving pricking one’s finger with a small needle at
different times during the day. The blood drawn is then
transferred to a test strip which is read by a blood glu-
cose monitor to display the glucose value at that point in
time. There may be several obstacles related to SMBG—an
invasive method that can be accompanied by discomfort and
inconvenience [5,6] and relies on glucose meters that vary
in accuracy [3]. Furthermore, SMBG provides very limited
insight into glycemic trends, as only a few data points per day
are available for decision-making [6].

In the absence of regular information regarding glucose
levels, the primary way to understand how well diabetes is
managed is through a blood test known as the hemoglobin
Ajc (HbA{,) test, which measures the percentage of glycated
hemoglobin in red blood cells. This is an average over a 3-
to 4-month period and provides a retrospective evaluation
of therapeutic and self-management efficacy [7]. As such, it
does not provide meaningful information regarding frequent
or sustained high or low blood glucose values. Therefore, it is
not the best tool to assist people with diabetes with treatment
interventions for daily fluctuations in blood glucose [8].

The development of minimally invasive continuous
glucose monitoring systems (CGMs) has transformed
diabetes management [9]. CGMs provide continuous readings
throughout the day and provide meaningful insight to people
with diabetes regarding the time in range (TIR), as well as
alerts when the glucose values veer from the range into higher
(time above range [TARY]) or lower (time below range [TBR])
levels. These alerts then allow for immediate treatment action,
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thereby reducing the time spent in the times outside of the
euglycemic range [8].

CGMs have shown clinical significance by improving time
in the euglycemic range, decreasing rates of hypoglycemia
and HbA . levels [10], and lowering rates of emergency
department visits and hospitalizations for hypoglycemia [11].
Improved outcomes have also been shown when a CGM is
introduced in the first year after diagnosis with the improve-
ments sustained over time, for as long as 7 years [12].

In Rwanda, CGMs are currently not routinely used, and no
clinical studies of CGM use were identified in the litera-
ture. The study objectives were to determine the impact and
feasibility of real-time CGM use among people living with
T1D in Rwanda through assessment of sensor use; TIR;
HbA |; and rates of hypoglycemia, diabetes-related hospitali-
zations (DRHs), and DKA.

Methods

Study Design

The Continuous Glucose Monitoring Among Patients with
Type 1 Diabetes in Rwanda (CAPT1D) study is a single-arm,
prospective observational study conducted at the Rwandan
Diabetes Association (RDA) clinic in Kigali, Rwanda, aiming
to assess the impact and feasibility of CGM use in Rwanda.

The study protocol involved a run-in phase with blinded
CGM (Dexcom G6, Dexcom Inc), during which partici-
pants received instructions in August 2022. Subsequently,
continuous glucose monitoring was unblinded, and partici-
pants underwent a 12-month period during which they visited
the RDA clinic every 20 days to upload CGM data onto
the Dexcom Clarity (Dexcom Inc) platform. Participants
were queried for and self-reported episodes of DKA (date,
symptoms, treatment), instances of hypoglycemia, and DRHs
at each study visit.

Study Sample and Recruitment

A convenience sample of established patients of the RDA was
selected using a 2-stage process. First, the RDA study staff
created a list of patients who met the inclusion criteria, as
follows: older than 21 years, not pregnant, and treated with
multiple daily doses of insulin. Second, this list was polled
to identify those participants who were willing and able to
commute to the RDA clinic as frequently as needed for
orientation, to change sensors, and to upload data. Individuals
were informed prior to enrollment that they would not be paid
to participate in the study, but that transportation costs to and
from the clinic will be reimbursed. The first 50 participants
who agreed to participate were then enrolled in the study.
The sample size was determined by the capacity of the staff
and the availability of equipment. Phase I of the study was
conducted over 12 months, using the Dexcom G6 CGM.
Phase II and Phase III extended CGM use for an additional
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6 months respectively, using the next-generation Dexcom G7
CGM. The number of participants was reduced to 47 when
3 participants withdrew from the study at month 6. There-
after, the study sample was further reduced to 42 as a result
of 5 participants joining another study where they received
additional education possibly biasing the results of CAPTID.
To handle the fact that several patients were removed from
month 6 on, statistical analysis was adjusted with the last
observation carried forward method, that is, the last available
measurement for a patient is carried forward to later time
points. Here we report the quantitative results of the Phase I
study.

Ethical Considerations

Ethical approval was obtained from the University of Rwanda
School of Medicine Ethical Committee, and the study was
registered with the institutional review board under number
#271/CMHSIRB/2022. Participants were provided with all
details regarding the study’s objectives, procedures, potential
risks, and benefits before requesting consent. At this time,
any questions were addressed, and privacy and confidentiality
policies were explained. A consent form outlining the study’s
scope, potential risks, the voluntary nature of participation,
and the right to withdraw at any time was provided and
signed by each participant. Additionally, consent to use
photographs and other recorded material in published material
was obtained. To this end, all data collected for this study
have been fully anonymized and deidentified to ensure the
privacy and confidentiality of all participants, and to prevent
linkage of the data to individual participants. Participants
were compensated varied amounts for their transportation
to and from the clinic, provided light snacks and beverages
during clinic visits, and received the CGMs for no cost.
There is no identification of individual participants/users in
any aspect of this manuscript.

Statistical Methods

CGM data were preprocessed and analyzed using AGATA
[13], an open-source software tool that computes glucose
control metrics in accordance with the definitions of the
International Consensus on CGM-derived metrics for clinical
trials [14]. Initially, CGM data were preprocessed by aligning
each data point on a uniform 5-minute time grid and linearly
interpolating data gaps up to 30 minutes.

Subsequently, AGATA was used to extract a set of
well-established metrics [14] quantifying glucose control,
including 5 metrics for glucose variability (mean, SD,
coefficient of variation, glucose management indicator, and
glucose risk index); 6 metrics describing the percentage of
time spent in specific glucose ranges (level 1 and level 2 TBR
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[TBRy ; and TBR| 1], defined as <70 mg/dL and <55 mg/dL
respectively; level 1 and level 2 TAR [TARy; and TARj ],
defined as >180 mg/dL and >250 mg/dL, respectively; TIR,
defined as 70-180 mg/dL; and time in tight range [TITR],
defined as 70-140 mg/dL); and a metric quantifying CGM
use, namely the percentage of time the CGM was active in the
considered period (%CGMysE).

To align CGM data to HbA . samples collected every 3
months, each metric has been calculated by aggregating CGM
data over 3-month periods and compared with the baseline
computed during the initial run-in session at month 0.

Hereafter, for the sake of brevity, we will label MO the
baseline run-in session, while we will use M3, M6, M9, and
M12 to represent the metric values computed using data from
MO to month 3, month 3 to month 6, and so forth.

Results were presented as the mean (SD) if the metric
distribution followed a Gaussian distribution (determined by
the Lillefors test at a significance level of 5%), or as the
median (IQR) if not. Changes were evaluated by comparing
MO versus M6, M6 versus M12, and MO versus M12 using
a 2-tailed ¢ test with a significance level of 5% for Gaussian-
distributed metrics. Alternatively, the Wilcoxon rank sum test
with a significance level of 5% was used.

Results

The results are illustrated in Table 1. Participants used the
sensor for >80% of the time throughout the study period.
TIR was defined as 70-180 mg/dL. The absolute change
from baseline to 6 months for TIR was an increase of 9.9%
(P<.001), and from baseline to 12 months, the absolute
change was an increase of 14.7% (P<.001). Thus, the
significant improvement in TIR at month 6 was maintained
(indeed increased) at 12 months. TITR was defined as 70-140
mg/dL. The absolute change from baseline to 6 months for
TITR was an increase of 7.1%, and that from baseline to
12 months was an increase of 10.4% (P<.001) (Figure 1).
Time in hypoglycemia or TBR was defined as <70 mg/dL.
From baseline to 6 months, this increased by 0.7%, which
was not statistically significant (P=.31), and from baseline to
12 months, there was an increase of 2.5% (P<.001). The TAR
is defined as >180 mg/dL. The absolute change from baseline
to 6 months for TAR was a decrease of 9.7% (P<.01), and
that from baseline to 12 months was a decrease of 15.3%
(P<.001). Mean HbA . levels decreased by 2.8% at 6 months
(P<.001) and 3.2% at 12 months (P<.001) (Figure 2). A total
of 12 DRHs were reported during the study period. More
detailed analysis of these hospitalizations is underway. No
cases of DKA or episodes of severe hypoglycemia occurred.
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Figure 1. Box plot distributions of time in tight range were obtained at MO (gray), M3 (red), M6 (light blue), M9 (green), and M12 (violet) from the
Continuous Glucose Monitoring Among Patients with Type 1 Diabetes in Rwanda study, a single-arm, prospective observational study conducted at
the Rwandan Diabetes Association clinic in Kigali, Rwanda (2022-2023). Median values are highlighted and connected by a black solid line.
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Figure 2. Box plot distributions of HbA . were obtained at MO (gray), M3 (red), M6 (light blue), M9 (green), and M 12 (violet) from the Continuous
Glucose Monitoring Among Patients with Type 1 Diabetes in Rwanda study, a single-arm, prospective observational study conducted at the Rwandan
Diabetes Association clinic in Kigali, Rwanda (2022-2023). Median values are highlighted and connected by a black solid line. HbA.: hemoglobin
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Discussion

The findings from Phase I of the CGM use among individuals
with T1D in Rwanda provide insight into the impact and
feasibility of real-time CGM use. As noted previously, the
key objectives of this study included evaluating sensor use;
TIR; HbA{. levels; and rates of hypoglycemia, DRH, and
DKA. Study participants demonstrated high levels of sensor
use (80% of the study period). As noted in the results, TIR
improved with increased levels at 6 and 12 months. HbA
levels also improved with marked decreases at 6 and 12
months. Of note, there was a mild, nonstatistically significant
increase in TBR, which is indicative of hypoglycemia, but
there was also a statistically significant reduction in TAR at 6
and 12 months. There was no report of severe hypoglycemia
or DKA events, and only 12 DRHs were reported during
the study. In sum, these data indicate a low level of adverse
effects.

The low attrition rate, the high percentage of sensor use,
and the willingness of participants to return to the clinic
every 20 days for data uploads indicated the feasibility of
continuous glucose monitoring in Rwanda among patients
with T1D. The findings from this study augment those from
other studies conducted in African countries showing that
continuous glucose monitoring is a feasible alternative to
SMBG [15,16].

In a study aiming to assess the feasibility of CGM use in
Malawi, one of the challenges identified was the inability of
participants to change their own sensors [16]. However, in
this study, participants were given sufficient training so that
they could change their sensors on their own. Additionally,
participants visited the clinic frequently per study protocol,
providing ample opportunity for study staff to help provide
guidance on sensor removal and insertion.

A systematic review of 22 randomized controlled trials
comparing continuous glucose monitoring and SMBG found
a significant reduction in HbA{. with the CGM group [17].
Although this study was not interventional, the observed
results showed a similar significant reduction in HbA . with
the use of a CGM.

Baker et al

Further, the findings from this study are aligned with other
studies showing a reduction in HbA . with the use of a CGM
[10,18] and consistent with prior studies showing that the use
of a CGM increased TIR, a desirable outcome for people with
diabetes[18].

There were several limitations of this study that limi-
ted validity and generalizability. The single-arm observatio-
nal design lacks a control group, which is consistent with
a feasibility study but nonetheless limits between-group
comparisons, the ability to isolate the effect of CGM use,
the ability to conduct complete comparison analyses, and the
ability to generalize findings.

While we were able to glean insight from this convenience
sample, the sample was small at the outset, and the further
reduction due to attrition impacts statistical power and effect
size. Our use of the last observation carried forward method
for missing data could potentially lead to bias.

As with any study that uses self-reported information,
bias can be introduced and accuracy can be compromised.
Notwithstanding these limitations, the length of this study,
conducted over a Il-year period, provided a meaningful
amount of data points for analysis. These preliminary results
can serve as a foundation for future studies that can include
control groups and interventions. This work is particularly
relevant given the dearth of studies to date related to CGM
use in people with T1D in Rwanda.

The results suggest that implementing CGM technology
in TID patients in Rwanda is a feasible and promising
method for improving glycemic outcomes among people with
T1D. Within 3 months, results indicate improvements in
glycemic management, with the improvements sustained over
the 1-year study period, as evidenced by better TIR, TITR,
and TAR and lower HbAj. levels. These outcomes indi-
cate potential for better diabetes self-management, thereby
impacting rates of diabetes-related complications and their
associated personal and social costs. Results from this study
can be used to conduct more rigorous interventional studies to
confirm the beneficial impact of a CGM on health outcomes
for people with diabetes.

Data Availability

Data are available upon reasonable request to the corresponding author.
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