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ABSTRACT
Objectives To assess the feasibility and change in clinical 
outcomes associated with continuous glucose monitoring 
(CGM) use among a rural population in Malawi living with 
type 1 diabetes.
Design A 2:1 open randomised controlled feasibility trial.
Setting Two Partners In Health- supported Ministry of 
Health- run first- level district hospitals in Neno, Malawi.
Participants 45 people living with type 1 diabetes (PLWT1D).
Interventions Participants were randomly assigned to 
Dexcom G6 CGM (n=30) use or usual care (UC) (n=15) 
consisting of Safe- Accu glucose monitors and strips. Both 
arms received diabetes education.
Outcomes Primary outcomes included fidelity, 
appropriateness and severe adverse events. Secondary 
outcomes included change in haemoglobin A1c (HbA1c), 
acceptability, time in range (CGM arm only) SD of HbA1c 
and quality of life.
Results Participants tolerated CGM well but were unable to 
change their own sensors which resulted in increased clinic 
visits in the CGM arm. Despite the hot climate, skin rashes 
were uncommon but cut- out tape overpatches were needed 
to secure the sensors in place. Participants in the CGM arm 
had greater numbers of dose adjustments and lifestyle change 
suggestions than those in the UC arm. Participants in the CGM 
arm wore their CGM on average 63.8% of the time. Participants 
in the UC arm brought logbooks to clinic 75% of the time. There 
were three hospitalisations all in the CGM arm, but none were 
related to the intervention.
Conclusions This is the first randomised controlled trial 
conducted on CGM in a rural region of a low- income country. 
CGM was feasible and appropriate among PLWT1D and 
providers, but inability of participants to change their own 
sensors is a challenge.
Trial registration number PACTR202102832069874.

INTRODUCTION
Type 1 diabetes (T1D) is a severe autoim-
mune condition which leads to hypergly-
caemia and a lifelong insulin dependency.1 

People living with type 1 diabetes (PLWT1D) 
require uninterrupted access to insulin, tools 
for glucose monitoring, adequate and unin-
terrupted access to needles and syringes, and 
continuous access to education and health-
care services to reduce the risk of mortality, 
adverse events and long- term complications. 
In low- income countries (LICs) and lower- 
middle- income countries, access to afford-
able and high- quality care is limited. T1D 
incidence and mortality in these settings 
are likely underestimated as misdiagnosis 
and non- diagnosis are common.2–5 Without 
adequate care, the life expectancy of a child 
with newly diagnosed T1D in most LICs might 
be as short as 1 year.6 7 Evidence suggests that 
currently, almost 9 million individuals are 
living with T1D, of which one- fifth (1 665 997 
people) are in LICs and middle- income coun-
tries.8 In Malawi, 6530 people were estimated 
to be living with T1D in 2022.8 Given these 
current estimates, it is imperative to improve 
diabetes care in these settings with integrated 
care delivery, education and training.

An intermediate level of care for T1D 
(defined as multiple daily injections of insulin, 
self- monitoring of blood glucose (SMBG) two 
to four times per day, consistent point- of- care 
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haemoglobin A1c (HbA1c), complication screening and 
a team approach to diabetes education and support) is 
an achievable goal for resource- limited settings that could 
decrease complication rates and premature mortality.9

SMBG has improved clinical outcomes and quality of 
life (QoL) for PLWT1D and was the gold standard of care 
following the Diabetes Control and Complications Trial.10 
Novel technological advances for glucose monitoring are 
now available, requiring an interstitial patch and a reader for 
real- time continuous glucose monitoring (CGM) using Blue-
tooth technology. Products including Dexcom G6 (Dexcom, 
San Diego, California, USA) have reduced the burden of 
finger sticks by providing interstitial glucose readings, trends 
and alerts in real- time with a significant reduction in the 
frequency of severe hypoglycaemic episodes.11

CGM addresses many limitations related to HbA1c testing 
and SMBG. HbA1c gives only a point estimate of the mean 
of blood glucose control. SMBG gives some information on 
variability but not a complete picture, and neither provides 
real- time alerts about hypoglycaemia or hyperglycaemia. 
The uptake of CGM devices in many high- income countries 
is gradually increasing, with good acceptability and clinical 
outcomes. A recent international consensus statement on the 
use of CGM technology concluded that CGM data should be 
used for therapeutic treatment decisions related to hypogly-
caemia and glucose variability.12

Currently, no data exist on the feasibility and effect on 
clinical outcomes of CGM for PLWT1D in rural areas of 
LICs especially in areas without electricity and having low 
literacy and numeracy. To address this lack of evidence, we 
conducted a randomised trial to evaluate the feasibility of 
CGM technology and change in clinical outcomes among 
PLWT1D with limited literacy receiving diabetes care at two 
district hospitals in rural Malawi. Here, we report quantitative 
results. While the qualitative results are important to under-
standing the feasibility of CGM in this setting, we report them 
in a separate paper to provide greater opportunity for discus-
sion of themes and quotes.13 This study is approved by the 
National Health Sciences Research Committee of Malawi 
(IRB Number IR800003905) and the Mass General Brigham 
(IRB number 2019P003554). The protocol was previously 
published.14

Objectives
The objectives of this study are to (1) assess the feasibility 
and appropriateness of CGM use among a rural popula-
tion of PLWT1D and limited literacy in an LIC; (2) to 
determine if CGM use can have an effect on diabetes clin-
ical outcomes among PLWT1D in rural regions of LICs 
and (3) determine the SD of HbA1c across individuals at 
baseline to inform further studies.

METHODS
Study setting
The study was conducted at two rural Ministry of Health 
(MOH)- supported first- level hospitals in Neno district, 
Malawi, with a population of about 138 000,15 primarily 

relying on subsistence agriculture. Neno District Hospital 
is in a mountainous region near the Mozambique border 
and Lisungwi Community Hospital is in the lower, drier 
area near the Shire River. Both hospitals are similar in 
protocol and resources and are overseen by the same 
district leadership. Since 2007, Partners In Health (PIH), 
a US- based non- government organisation known locally 
as Abwenzi Pa Za Umoyo, has partnered with MOH to 
improve healthcare and socioeconomic development in 
Neno district. In 2018, two advanced non- communicable 
disease (NCD) clinics providing high- quality care for 
complex NCDs, consistent with the package of essential 
medicines for NCD- plus opened at Upper Neno and 
Lisungwi.16–18 Patients with T1D enrolled in these clinics 
receive care from mid- level providers with specialised 
NCD training. All insulin, syringes and tools for SMBG 
are provided free of charge to all patients at their routine 
monthly appointments. PLWT1D typically use human 
insulin, intermediate- acting (neutral protamine Hage-
dorn (NPH)) two times per day and fast- acting (regular) 
two to three times per day. Every household in Neno is 
visited by a community health worker monthly for educa-
tion and screening for multiple common conditions, 
enrolment into maternal and chronic care, and accompa-
niment to the clinic.19

Study participants
Eligibility criteria for this study included a clinical diag-
nosis of T1D in PLWT1D, in diabetes care for at least 1 
year, and seeking care at either of the PIH- supported 
MOH hospitals. We did not exclude anyone based on age. 
Exclusion criteria included pregnancy, mental impair-
ment and the inability of the subject or care provider to 
use a CGM device. Figure 1 shows the flow diagram of the 
recruitment process.

Each participant was required to complete an informed 
consent/assent (children <18 years of age) form on the 
day of the enrolment. Study staff were trained to assist 
patients with limited literacy with the consent process.

Design
Randomisation
All 45 participants known to have T1D and seeking care 
at hospitals in Neno met the study criteria and were 
approached for willingness to participate in this study. 
All agreed and were randomly assigned via a random 
numbers table to either of the two arms: CGM (Dexcom 
G6) arm and usual care (UC) arm (using blood glucose 
meter) in a 2:1 ratio. Study investigators and personnel 
were masked to the randomisation sequence which was 
created by a senior researcher.

Provider training
Clinical providers were required to complete 1 month of 
virtual training on routine diabetes care and understanding 
CGM in the management of diabetes performed by the study 
team (including two nurse practitioners and two clinical 
officers trained in T1D care). Then, providers completed a 
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2- week in- person hands- on training where they were required 
to wear a CGM and learn how to use Clarity (Dexcom CGM 
software). Providers were trained to review data from CGM 
downloads and SMBG logbook data and make individual-
ised dose adjustments, changes in alarm alerts on the CGM 
reader, and recommendations for lifestyle and insulin dosing 
as per usual practice. Clear protocols warranting medical 
attention were supplied to the providers, and any reported 
adverse events were immediately assessed and documented. 
Provider training focused on: glucose targets; goal of time in 
range (TIR), insulin dosing techniques and principles; basics 
of insulin therapy and meal planning; understanding signs 
and strategies for managing hypoglycaemia and hypergly-
caemia; understanding sick day management; understanding 
food insecurity and insulin dose adjustments; and trouble-
shooting common problems with Dexcom devices.

Intervention
Participants in the CGM arm were provided with a trans-
mitter, a receiver and sensors (Dexcom G6) inserted 
under the skin using an applicator to wear real- time 
continuous glucose monitoring technology for 3 months. 
All CGM equipment was provided free by Dexcom. Each 
transmitter had a shelf life of 90 days and each sensor had 
a shelf life of 10 days after which a new sensor needs to 

be applied. Participants in the CGM arm were instructed 
to use CGM daily and were advised to either change the 
sensor on their own or follow up after 10 days for new 
sensor insertion. Individualised clinical recommenda-
tions were made by their providers at each visit using 
standardised material developed for the study based 
on Dexcom training materials (online supplemental 
appendix A). Participants in the CGM arm received a 
Chichewa- language handout at the beginning of the 
study to educate them about the features of CGM and 
readings obtained from the reader.

Comparator
Participants in the UC arm were asked to perform home 
blood glucose monitoring using Safe- Accu glucose 
meters and test strips at least once daily and record in 
the logbooks as per established protocol.20 Providers 
were encouraged to review retrospective glucose data 
using SMBG logbook with participants and use the data 
to adjust insulin and lifestyle recommendations for indi-
vidualised management.

Both arms
The study staff provided guidelines for routine diabetes 
management and education to participants in both 

Figure 1 Consort study flow diagram. CGM, continuous glucose monitoring; CONSORT, Consolidated Standards of Reporting 
Trials; HbA1c, haemoglobin A1c; QoL, quality of life; UC, usual care.
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arms. Follow- up visits for both arms occurred monthly 
on the usual clinic schedule. The CGM group had addi-
tional visits for new sensor insertion and data down-
loads. Study staff had phone calls with participants to 
review for any severe adverse events during the study. 
Participants in both groups received financial compen-
sation for travel to the clinic for each study visit. All 
diabetes and testing materials were provided free to all 
participants.

Data collection and interviews
QoL and HbA1c were measured at baseline and the end 
of the study using the WHO Quality of Life Brief Version 
(WHOQOL- BREF) questionnaire and a point- of -care 
HbA1c testing device, respectively. At each visit, logbooks 
for those in the UC arm and Clarity reports for those in 
the CGM arm were reviewed. Five participants from each 
arm were interviewed by the study staff at baseline and 
endline to discuss their satisfaction with content, use, 
complexity, comfort and challenges of CGM and glucose 
meter technology in their setting. Five providers were 
interviewed regarding their opinions on both technol-
ogies. The recruitment of study participants began in 
March 2022 and data collection was completed by July 
2022.

Outcomes
While the primary aim of this study is to understand 
the feasibility of CGM in a low- resource setting, it is 
also important to ensure that even if the technology is 
functional it does not have negative effects on clinical 
outcomes for users. For that reason, we include two clin-
ical outcomes, HbA1c and TIR. Primary outcomes were 
split into implementation outcomes, defined using the 
Proctor21 framework, and clinical outcomes.

Implementation outcomes
Fidelity
Fidelity is defined here using variables reflecting patients’ 
adherence to the technology used.21 In the CGM arm, 
fidelity was defined by number of sensors worn, the per 
cent of time sensors were worn (based on Clarity reports) 
and times that dose or lifestyle adjustments were made. 
In the UC arm, fidelity was defined as the per cent of 
expected blood glucose readings logged, the per cent of 
participants who brought logbooks to the clinic during 
the study period, per cent of expected times blood 
glucose test was performed, the number of times insulin 
adjustments were made, and how often lifestyle adjust-
ments were suggested.

Appropriateness
Appropriateness was defined as the perceived fit and 
relevance or compatibility of CGM.21 This was based on 
sensor problems, reporting of technological issues and 
qualitative interviews.

Clinical outcomes
Severe adverse events
Severe adverse events were measured from patient self- 
reports, CGM or home glucose meters, or clinician 
reports.

Secondary outcomes
Implementation outcomes
Acceptability was defined using Proctor’s framework 
as the perception that CGM was agreeable, palatable 
or satisfactory.21 This was measured through qualitative 
interviews with PLWT1D and providers.

Clinical outcomes
We were only able to measure TIR in the CGM arm, which 
was calculated using downloaded CGM data. We defined 
‘in range’ as blood glucose reading between 70 and 
180 mg/dL.22 ‘Very high’ was defined as over 250 mg/dL 
and ‘very low’ as below 54 mg/dL. Because two partici-
pants only had fewer than 5 days of CGM readings each, 
we included a sensitivity analysis removing these partici-
pants’ data.

Change in HbA1c
Change in HbA1c was measured as the change from base-
line to endline measured using PTS Diagnostics A1CNow+ 
point of care test kits. Due to lower- than- expected HbA1c 
measurements, we also included a comparison of endline 
HbA1c results and the 90- day estimated average glucose 
values calculated using Clarity reports of patients in the 
CGM arm of the study.

The SD in HbA1c was calculated using the overall 
HbA1c SD in the baseline point- of- care tests. QoL was 
measured using the WHOQOL- BREF both at base-
line and at the end of the study. The WHOQOL- BREF 
includes four domains: physical health, psychological, 
social relationships and environment. QoL was calculated 
both by individual domain and overall.

Statistical methods
Statistical analyses were conducted using R V.4.2.2 or Stata 
V.14. We did not conduct sample size calculations because 
we recruited all PLWT1D receiving care at two PIH- 
assisted hospitals where this study was being conducted. 
Rather, we calculated power to detect the difference in 
HbA1c with the number of patients who participated (29 
in the CGM arm and 13 in the UC arm). Given a pooled 
SD of 2.05 and an alpha level of 0.05, we had 80% power 
to detect a 1.96 percentage point difference in HbA1c 
between the two study arms (SAs) in a two- sample t- test. 
Initial power calculations relied on a larger number of 
expected participants.14 We conducted analysis as inten-
tion to treat.

HbA1c analysis
To test whether the change in HbA1c differed between 
the CGM and UC arms, we used the linear regression 
model specified below, equivalent to longitudinal anal-
ysis of covariance, where HbA1c at follow- up (HbA1ct1) is 
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predicted by SA, HbA1c at baseline (HbA1ct0), facility site 
(Site), age (Age), female gender (Fem), diagnosis year 
(DY) and Body Mass Index (BMI), with an error term, ε, 
assumed normally distributed. The coefficient on SA, β1, 
was the parameter of interest.

 
HbA1ct1 =

β0 + SAβ1 + HbA1ct0β2 + Siteβ3

+ Ageβ4 + Femβ5 + DYβ6 + BMIβ7 + ε  

We report the point estimate and 95% CI for this 
parameter estimate from the fully adjusted model above 
as well as a minimally adjusted model, only including the 
terms for SA and baseline HbA1c.

To test the relatively low HbA1c levels, we compared the 
difference between endline HbA1c results and the 90- day 
estimated average glucose values for participants in the 
CGM arm. Estimated average glucose (EAG) was calcu-
lated in the Clarity application. The standard formula of 
EAG (mg/dL) = 28.7×A1c−46.7 was used to convert EAG 
to estimated HbA1c.23 Paired t- test was used to compare 
the estimated HbA1c to the point- of- care HbA1c.

QoL analysis
To estimate the difference in the change in QoL 
between SA, we used the same approach as for HbA1c. 
We conducted a regression for each of the four domains 
of the WHOQOL- BREF as well as the overall score, 
reporting the point estimate and 95% CI for the esti-
mated difference in the change between the arms from 
the fully adjusted model, adjusting for the same variables 
as in the HbA1c analysis described above except for BMI.

Per cent of time-worn and TIR analyses
This CGM device measures glucose levels roughly every 
5 min. We summarised the measurements in several ways. 
First, we calculated the proportion of expected observa-
tions that were missing values. We did this by dividing 

time into 5- minute increments. If no observation was 
present for a period longer than 5.06 min, we consid-
ered each 5- minute increment between the previous and 
subsequent observations as missing. Then, we calculated 
the proportion of all observations that were missing. We 
calculated the proportion of non- missing observations 
within the desired blood glucose range (70–180 mg/dL) 
to estimate TIR, as well as the proportion that was very 
low (under 54 mg/dL), low (54–69 mg/dL), high (181–
250 mg/dL) and very high (over 250 mg/dL). We addi-
tionally calculated the mean and IQR of the non- missing 
observations.

The CGM sensors lasted 10 days, but many patients 
returned to the clinic every 14 days to obtain replace-
ment sensors. Therefore, a substantial proportion of the 
missingness was related to timing of sensor replacement. 
We estimated this proportion by assuming that any miss-
ingness on the day of a sensor replacement (recorded by 
study clinicians) was related to the replacement, and any 
missingness contiguous with (ie, no non- missing observa-
tions between) and prior to (including in previous days) 
that period of missingness was categorised as related to the 
sensor replacement. We then tabulated the proportion of 
missing observations related to sensor replacement. Not 
all individuals experienced long periods missing a sensor, 
as some felt comfortable replacing sensors at home and 
were given extra sensors by study staff.

Qualitative methods
We conducted a series of semistructured interviews with 
10 patients (5 in each arm) at the beginning and end of 
the study. We also interviewed five providers (two nurses 
and three clinicians) who provided care to the patients 
during the study period. Trained members of the study 
team conducted all interviews. Provider interviews were 

Table 1 Characteristics of participants at baseline

Study arm

All participants (N=42)CGM (n=29) Usual care (n=13)

Location (% Upper Neno) 48.0 46.0 47.6

Age (years) (mean (range)) 30.9 (8–51) 29.6 (8–46) 30.5 (8–51)

Age (years) (median) 32 30 31

Sex (%)

  Female 48.0 38.0 45.2

  Male 52.0 62.0 54.8

Age at diagnosis (mean (SD)) 25 (10.1) 26.3 (9.9) 25.4 (10.4)

Age of diagnosis (median) 26 26 26

Years since diagnosis (mean (SD)) 6.2 (6.2) 3.7 (1.7) 5.4 (5.3)

Years since diagnosis (median) 4 4 4

BMI (mean (SD)) 21.4 (3.6) 24.5 (5.6) 22.4 (4.6)

Baseline HbA1c (%) (mean (SD)) 8.5 (2.2) 7.9 (2.1) 8.3 (2.1)

Baseline total daily insulin dose (units/day) 53.59 49.23 52.24

BMI, Body Mass Index; CGM, continuous glucose monitoring; HbA1c, haemoglobin A1c.



6 Gomber A, et al. BMJ Open 2024;14:e075554. doi:10.1136/bmjopen-2023-075554

Open access 

conducted in English. Patient interviews were conducted 
in Chichewa and translated by a bilingual researcher. 
All interviews were audio recorded and transcribed by 
a trained researcher. Interviews were coded in Dedoose 
and analysed using a thematic framework using a priori 
themes.

Deviations from protocol
We initially planned a 2- day training for participants, with 
1 day devoted to comprehensive T1D education. However, 
due to long distances needed to travel for participants 
and resulting missed school and work, 2 consecutive days 
was not feasible. Instead, for 2 months before the start of 
the study, providers gave enhanced diabetes education to 
all participants. In the protocol outcomes, we had stated 
the per cent of expected times CGM and SMBG informa-
tion was used to inform lifestyle- adjusted interventions, 
and we were unable to determine the per cent so we 
used number of times instead. We had initially included 
change in HbA1c as a primary outcome, but due to lack 
of power we changed this to a secondary outcome.

Patient and public involvement
PLWT1D were engaged throughout the study. Three of 
the outcomes of this research were feasibility, accept-
ability and appropriateness, so much of the study involved 
gaining perspectives, experiences and views of the tech-
nology by PLWT1D. Two of the study coauthors (GF and 
AG) are living with T1D and were involved throughout 
the design of the protocol, tools, training and implemen-
tation of the study.

RESULTS
Participants
There were 45 individuals with T1D meeting the inclusion 
criteria at the two eligible hospitals. When approached by 
phone, all agreed to be included and were randomised, 
30 to the CGM arm and 15 to the UC arm. On the day of 
trial initiation, one from the CGM arm and two from the 
UC arm did not present and therefore did not partici-
pate. At the end of the study, one participant in the CGM 
arm and two from the UC arm were not present for their 
final evaluations and were considered lost to follow- up 
(figure 1). The trial was initiated on 11 April 2022 in 
Lisungwi District Hospital and 14 April 14th 2022 in 
Upper Neno District Hospital and ran for 90 days. Table 1 
shows baseline characteristics of trial participants in both 
arms.

Primary outcomes
Implementation outcomes
Fidelity
Major fidelity outcomes are seen in table 2 and figure 2. 
There was a higher rate of consultations in the CGM 
arm (mean 8.3) compared with the UC arm (1.3). In the 
CGM arm, participants used a mean of 6.8 sensors over 
the study period, with a range of 2–9 sensors. The average 

participant had recordings taken by their sensors for 
63.8% of the time (median: 65.5%; IQR: 49.9%–75.6%). 
A sensitivity analysis done dropping two individuals with 
only 2 days of observation made little change to the result 
(average 63.5% median: 65.5%; IQR: 49.3%–75.7%). As 
many participants were unable to change the sensor on 
their own and clinic days were only once a week, there 
was, on average, a 4- day lag between one sensor ending 
and the next sensor being applied. We estimated the 
amount of each individual’s missingness due to this 4- day 
lag and found that, on average, 72.7% of the missing-
ness was due to lags between sensor changes (median: 
83.4%; IQR: 63.7%–92.6%). Sensitivity analysis showed 
only minimal change to the result (mean 74.4%; median 
83.4%; IQR: 65.1%–92.6%). Among the time we did not 
classify as ‘missing due to sensor change’ because of miss-
ingness adjacent to documented sensor changes, partici-
pants had sensor recordings an average of 87.0% of the 
time (sensitivity analysis 86.9%).

In the UC arm, participants brought logbooks to consul-
tations 75% of the time. However, readings in logbooks 
corresponded to glucose meters readings only 51.3% of 
the time.

Of the 29 individuals in the CGM arm, 20 (69%) had an 
insulin adjustment made, compared with only 2 individ-
uals (15%) in the UC arm. There were a total of 35 insulin 
adjustments in the CGM arm, which came to an average 
of 1.2 per individual, compared with 0.2 per individual 
in the UC arm. There were roughly double the amount 
of suggested lifestyle changes in the CGM arm (0.4 per 
person) compared with the UC arm (0.2) (table 2).

Table 2 Measures of fidelity in participants

Study arm

CGM
(n=29)

UC
(n=13)

Consultations attended (mean) 8.3 1.3

Individuals with insulin adjustments 
(n (%))

20.0 (69.0) 2.0 (15.0)

Insulin adjustments made (n) 35.0 2.0

Insulin adjustments per individual 
(mean)

1.2 0.2

Lifestyle change suggestions (n) 13.0 3.0

Lifestyle change suggestions per 
individual (mean)

0.4 0.2

CGM arm

  Sensors worn (mean (range)) 6.8 (2,9)

  Per cent of time- worn (mean (SD)) 63.8 (16.1)

UC arm

  Consultations with logbook 
brought to clinic (%)

75.0

  Readings logged (%) 51.3

CGM, continuous glucose monitoring; UC, usual care.
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Appropriateness
Over the course of the trial, only one participant in the 
trial arm was able to change the sensors himself. Two 
others felt confident to physically change the sensor 
but were unable to enter the code, so they still needed 
to come into the clinic to change the sensor. Clinicians 
reported that after multiple CGM insertions, patients 
felt confident with the application process and were able 
to self- apply with guidance; however, they were unable 
to correctly input the sensor codes. In total, there were 
28 cases of sensor failure over the 3- month trial period. 
During the first sensor use, three individuals complained 
of discomfort but worked with providers to find a more 
comfortable way of wearing them. In the first month, 
three participants accidentally removed the sensors, but 
there were no reported cases after the first month. Rashes 
and skin irritation were not a commonly encountered 
complaint in the CGM arm. The hot weather caused a few 
participants difficulty with keeping the sensor attached. 
We overcame this using skin Tac adhesive and cut- out 
tape overpatches to secure the sensors in place and 
prevent removal. No sensor- related bleeding or potential 
skin reaction around or under the sensor was observed. 
There were no reported problems with the solar chargers, 
and participants were able to use the solar chargers for 
light in their houses.

Clinical outcomes
During the study, there were three hospitalisations in the 
CGM arm and none in the UC arm. None of the hospital-
isations were attributed to the intervention. One was due 
to a long- standing non- healing diabetic foot issue, one 
was due to low blood sugar due to the participant having 
no food, and one was due to high blood glucose levels.

Mean endline point- of- care HbA1c was 7.4% (95% CI 
6.6% to 8.1%). Mean estimated HbA1c was significantly 
higher at 10.1% (95% CI 9.3% to 10.8%) and a mean 

difference of 2.7% (95% CI 2.2% to 3.2%; p<0.05). 
Online supplemental figure 1 shows point- of- care HbA1c 
and estimated HbA1c for each participant in the CGM 
arm.

Secondary outcomes
Overall, participants and providers found the CGM devices 
acceptable. The main reported complaints concerned 
the length of time that sensors lasted, and the alarms on 
the CGM monitors, and some participants reported not 
liking the visual aspect of the sensor. We go further into 
qualitative outcomes in our companion piece.13

The average per cent of TIR in recorded readings 
(not including missing data) was 30.6% (SD 16.1%) 
(figure 2). Among the 27 CGM arm participants with 
more than 1 week of recorded data, the average TIR was 
32.6% (SD 14.7%). Over the course of the study, there 
was an increase in the time in the range starting in week 
6 (online supplemental figure 2). The average TIR was 
30.8% in week 1 and 38.7% in week 10. To examine 
whether this increase in TIR was due to drop off of non- 
compliant participants, we conducted a sensitivity analysis 
looking at only participants whom we had data for at 10 
weeks. Among the 20 participants with greater than 5% 
non- missing data in week 10, the average TIR in week 1 
was 34.5%, and the average in week 10 was 37.5% (online 
supplemental figure 2).

After 3 months, we observed an increase of 
0.2 percentage points in HbA1c in the UC arm (n=11 
as follow- up HbA1cs missing for two participants) and a 
reduction of 1.2 percentage points in the CGM arm (n=28) 
compared with baseline. After adjusting for baseline 
HbA1c levels and other covariates, participation in CGM 
compared with UC was associated with a 1.1 percentage 
point lower HbA1c; CIs were compatible with a moderate 
to null reduction in the CGM arm relative to the UC arm 
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Figure 2 Time in range for each participant with missing data included and not included. Individuals 27 and 29 used 
continuous glucose monitoring devices for less than 1 week.
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(95% CI 2.4 percentage point reduction to 0.3 percentage 
point increase, table 3).

Pretrial, there was an SD of 2.1 in HbA1c pooled across 
two arms, although baseline HbA1c was low overall 
compared with what is generally expected in this type of 
setting.24–26

Over the course of the study, QoL (n=28 in CGM and 
n=10 in UC) was assessed using WHO- BREF increased 
across all domains (online supplemental table 1). Though 
unadjusted QoL increased slightly more in the UC arm 
(9.0) than the CGM arm (6.7), CIs for differences in the 
change in QoL between groups were large, and we did 
not find any strong evidence of differences.

DISCUSSION
Summary of main results
This is the first randomised control trial (RCT) to be 
carried out on the feasibility of CGM use in a rural area of 
an LIC. While participants wore their sensors just under 
two- thirds of the time, much of the missingness (over 70% 
on average) was attributable to their inability to change 
their sensors. The most pervasive barrier to CGM use 
among patients was the reported limited digital literacy 
and confidence with the sensor application process, 
which required patients in the CGM arm to come more 
frequently into the clinic than the UC arm. However, with 
time and multiple CGM insertions, patients felt confident 
with the application process and could self- apply under 
the guidance of the clinicians but still needed help with 
numerically entering sensor codes to activate them. Skin 
rashes were not a notable complaint, although due to the 
hot weather there was some difficulty with sensor adhe-
sion that was rectified by using skin Tac adhesive and cut- 
out tape overpatches to secure the sensors in place. After 
the first few weeks, participants tolerated the CGM well, 
and clinicians were far more likely to make dose adjust-
ments in the CGM arm than in the UC arm. There was 
a trend towards greater reduction in HbA1c in the CGM 
arm than in the UC arm. However, there were many more 
consultations in the CGM arm, so it is difficult to attri-
bute the improvement to the CGM or the greater number 
of consultations. Given the 4- day lag between sensor end 

and replacement, the reduction may have been greater 
without this lag. The intervention was deemed acceptable 
by participants with the greatest complaint being around 
sensor beeping.

Comparisons with other studies
This is the first RCT conducted in a rural setting in an 
LIC to assess the feasibility of CGM and its effect on clin-
ical outcomes and QoL among people living with T1D. To 
date, there are less than a handful of studies on CGM use 
in the African continent, none of which are RCTs. One 
of these studies evaluated the glycaemic profile—glucose 
exposure, variability, stability and risk of hypoglycaemia—
of people living with T1D and type 2 diabetes (T2D) in 
South Africa, across 16 different clinics.27 In Uganda, 
Niwaha and colleagues conducted a study to assess the 
risk of hypoglycaemia for people living with T2D being 
treated with sulfonylureas or insulin and did not include 
PLWT1D.28 While the study in South Africa mentioned 
that some sensors failed to record data, neither this 
study nor that of Niwaha looked specifically at fidelity, 
appropriateness or acceptability. A short observational 
study by McClure Yauch et al was conducted at national 
referral hospitals in urban areas in Kenya and Uganda to 
assess feasibility of CGM use and the glycaemic profile of 
children and young adults affected by T1D using CGM 
technology.29 They found the use of this technology 
was tolerated by patients and expressed hope for wider 
use in the future. This urban study reported an average 
HbA1c of 10.9% with an SD of 2.7 compared with our 
average baseline HbA1c of 8.3% and endline HbA1c of 
7.5% with an SD of 2.1. Their TIR was 31% compared 
with the TIR in our study of over 37% by week 10 (32.6% 
across the whole study period among the 27 participants 
in the CGM arm with more a few days of data). All three 
of these studies used the Freestyle Libre Pro, and users 
were blinded to their glucose data and had CGM use of 
14 days. In our study, we used the Dexcom G6 CGM for 
90 days, which provides real- time glucose data to the user 
and can be used to make treatment decisions. None of 
these studies examined any association between CGM use 
and QoL.

Table 3 Change in HbA1c at 3 months

Arm

Mean difference (95% CI) P value
CGM (n=28)
Mean (SD)

UC (n=11)
Mean (SD)

HbA1c at follow- up 7.4 (1.9) 7.9 (2.0)

Crude change from baseline −1.2 (1.9) 0.2 (2.7) −1.38 (−2.92 to 0.17) 0.08

Model 1 −0.88 (−2.15 to 0.40) 0.17

Model 2 −1.07 (−2.39 to 0.26) 0.11

Model 1 adjusted for baseline HbA1c only; Model 2 adjusted for baseline HbA1c, facility site, age, sex, diagnosis year and BMI. Note: 28 of 
the original 29 were included from the CGM arm because 1 person did not have a follow- up HbA1c measurement, and 11 of 13 were included 
in the UC arm because of missing follow- up measures.
CGM, continuous glucose monitoring; HbA1c, haemoglobin A1c; UC, usual care;
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Comparison of endline point- of- care HbA1c to esti-
mated HbA1c based on CGM values showed that point- 
of- care HbA1c may be overestimating glycaemic control. 
A few theories for the discrepancy between HbA1c and 
mean blood glucose levels have been proposed, including 
the presence of haemoglobinopathies, individual vari-
ations in the lifespan of red blood cells, renal impair-
ment and nutritional deficiencies (eg, iron- deficiency 
anaemia, Kwashiorkor, Marasmus).30 31 No haemoglob-
inopathies are present in this patient population. Addi-
tionally, numerous assays for point- of- care HbA1c testing 
have become available over the last decade of possibly 
varying quality. These findings reinforce that HbA1c 
alone may not be adequate to evaluate glycaemic control 
in PLWT1D, adding to current literature highlighting the 
importance of availability for additional ways to evaluate 
glycaemic control, such as SMBG or CGM.

Despite challenges participants experienced with 
changing sensors and data missingness, the amount 
of glucose data recorded from sensor readings in this 
study—63.8% of the time (median: 65.5%; IQR: 49.9%–
75.6%; sensitivity analysis is mean: 63.5%; median: 65.5%; 
IQR: 49.3%–75.7%) and 87% when excluding missingness 
due to lag in sensor change —is higher than data from 
sensor readings (mean of 51.14 days (60.9%) (SD=20.86), 
range 20–81 days) in a 90- day pretest and post- test pre- 
experimental study with children, adolescents and young 
adults with poorly controlled diabetes living in the USA.32 
This underscores the importance, benefits and potential 
for high impact of ensuring access to glucose monitoring 
devices for PLWT1D in low- resource settings.

Limitations
This was a feasibility trial with only data from 42 individ-
uals, as such it was not powered for seeing differences 
between SAs in outcomes like HbA1c and QoL. Due to 
the inability of patients in the CGM arm to change their 
device sensor, many patients ended up seeing providers 
twice a month compared with once a month in the UC 
arm, making it difficult to separate effects of technology 
versus the effect of the increased frequency of visits. Addi-
tionally, providers were excited about the new technology 
and may have paid greater attention to patients in the 
CGM arm. All participants in the study had a diagnosis 
of T1D; however, limited resources and a lack of pancre-
atic antibody and C- peptide testing may mean some 
patients were misdiagnosed. This study was conducted 
for 3 months. While this is far longer than other studies, 
reduction in HbA1c levels and behaviour change can take 
longer than 3 months, so a longer study may have found 
greater effects. Conversely, we do not know what adher-
ence would look like after 3 months.

Implications for future research and practice
Our study suggests that CGM is feasible, appropriate and 
acceptable in rural Malawi and may show greater effec-
tiveness in lowering HbA1c than SMBG. We highlight the 
need to include practical digital literacy and numeracy 

training for patients when considering CGM as a viable 
clinical option in diabetes management in such settings, 
and future studies and practice should explore ways 
participants with low literacy can learn to change sensors 
independently. Newer models of CGM (Dexcom G7, Free-
style Libre 2 and Freestyle Libre 3) do not require sensor 
codes to be inputted for activation, so may be better suited 
to this setting. As devices were donated by Dexcom, this 
study did not examine costs, but continued global advo-
cacy is necessary to ensure equitable access to interme-
diate T1D care for PLWT1D in LICs. Other studies may 
examine if short periods of intensive CGM use are equally 
effective as a training tool for both patients and providers 
allowing a more granular assessment of glycaemic control 
than previously possible with glucose meters. In contrast, 
other studies looking at longer lengths of time using CGM 
may be able to explore if this is a tool that can enhance 
PLWT1D’s understanding of their condition, improve 
diabetes self- management, decrease adverse events and 
diabetes- related complications, advance providers’ skills 
and knowledge and assist with decision- making around 
insulin initiation for people living with T2D. Further, 
examining if there is added benefit and cost- effectiveness 
of real- time CGM compared with flash glucose moni-
toring and un- blinded CGM compared with blinded in 
this setting is warranted.

CONCLUSION
This is the first RCT conducted on CGM in a rural region 
of an LIC. Overall, this small feasibility study conducted in 
one Malawian district found CGM to be feasible and appro-
priate among PLWT1D and their healthcare providers. 
Inability of participants to change their own sensor is the 
biggest challenge, though could be addressed with use 
of newer sensor models. Although not statistically signif-
icant, the downward trend in HbA1c in SA is promising 
and worth investigating over a longer period, especially 
in light of increased TIR from baseline to endline. The 
current model of care needs to be strengthened and TIR 
continues to be low—posing higher risk for acute and 
chronic complications among this population.
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