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Background: Continuous monitoring of glucose (CGM) via subcutaneous patch is an accurate self-monitoring tool of blood
glucose, but also introduces a range of additional benefits such as real-time feedback. While its value among pregnant
women with gestational diabetes mellitus (GDM) is established in high-income countries, little is known about the
feasibility and acceptability among pregnant women without GDM in low-resource settings in low- and middle-income
countries.
Objectives: This study aims to assess the feasibility and acceptability of CGM with pregnant mothers in South Africa and to
explore the value of a collected data set for GDM prevention.
Methods: Ten women between 12 and 18 weeks pregnant were recruited from the antenatal clinic at Chris Hani Baragwanath
Academic Hospital into a prospective mixed-methods pilot study. Demographic and anthropometric data, HbA1c and a lipid
panel were collected. Women then wore two consecutive Freestyle Libre 2 patches for a total of 28 days. In-depth interviews
were undertaken with all 10 women on study exit to explore themes of acceptability and the use of technology during
pregnancy. Thematic analysis was performed on the qualitative data while exploratory data-analysis techniques were
applied to the CGM data.
Results: Pregnant women (n = 10) had a mean (SD) age of 29.81 years (4.39), with most being unemployed (8), unmarried (8)
and without a tertiary degree (7). Analysis suggests that fear of use was greater than the actual discomfort experienced during
use of the CGM patch. The main barrier to use was the patch falling off and women being uncomfortable to reapply it. This was
borne out by all 10 women wearing the first patch for at least 12 of the 14 days, but only 4 managing the same with patch two –
primarily applied by themselves at home. Women expressed support for the use of technology during pregnancy, especially as
it related to feeling that their pregnancy was being monitored and that they were being supported.
Conclusion: In this pilot study, women overwhelmingly found the wearing of a CGM patch during pregnancy to be acceptable.
Feasibility was reasonable with most data being successfully retrieved from the devices over a two-week period. Longer use
was found to have additional challenges. The use of CGM patches appear to be a possible candidate for inclusion in GDM
prevention or behavioural interventions during pregnancy in South Africa.
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Introduction
Point-in-time self-monitoring of blood glucose (SMBC) is a
limited technology that fails to offer significant value in under-
standing the temporal relationship between blood glucose
levels and daily activities. Continuous glucose monitors (CGM)
fill this gap by automatically recording interstitial glucose con-
centration levels every few minutes for a period of 14 days.1

These data on direction, magnitude, duration and frequency
of glucose-level fluctuation are accessible to both user and
healthcare provider in real time. Early CGM systems were inac-
curate, costly and hard to come by.2 However, as the technol-
ogy has improved and costs have reduced, data now suggest
that CGM provides similar accuracy to SMBG, but with signifi-
cant advantages, particularly in the ability to tailor therapy to
the needs of each individual.3 The first CGM approved for use
by the Food and Drug Administration and carrying the Confor-
mité Européenne mark in the European Union was the Continu-
ous Glucose Monitoring System Gold (CGMS Gold; Medtronic
MiniMed, Northridge, CA, USA). Popular products today
include the DexaCom G6 (Dexacom, San Diego, CA, USA) and
Freestyle Libre 2 (Abbott Laboratories, Alameda, CA, USA),

both which use an interstitial patch inserted on the upper
arm and a reader that is passed over the patch to retrieve
data. Wireless versions of the products also exist that connect
to a mobile phone using Bluetooth. Eversense (Senseonics,
Germantown, MD, USA) offers a fully implantable sensor that
is also approved for use globally.4,5

Mattishent et al.6 tested the feasibility and acceptability of a
CGM system among the elderly (65+) suffering from memory
loss (abbreviated mental test score ≤ 8) or dementia. The
system required the user to place a digital reader over the
patch three times per day. Over a two-week period, feasibility
was found to be sub-optimal with half of the participants
failing to capture more than two out of every three readings
(mean 55%). The system was, however, acceptable with quali-
tative interviews suggesting participants found the device com-
fortable and that it did not interfere with activities of daily living.
Children also stand to benefit from a continuous and auto-
mated glucose monitoring system. Assessing the feasibility
and acceptability among children, Rai et al.7 found that 65%
of the sensors remained in place over the full 14-day study
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period. Minor discomfort was the only reported side effect with
a high rate of acceptance observed. Although showing promise
at home in the self-management of diabetes, Wollersheim et al.
did not find that CGM systems performed with satisfactory accu-
racy, feasibility or acceptability in a critical care scenario.8

Among the nursing staff, 79.1% rated the device as not ben-
eficial and 21 of the 31 devices were removed prematurely
during this study. Better results have, however, been achieved
with monitoring hyperglycaemia during pregnancy.

Gestational diabetes mellitus (GDM) is defined as any glucose
impairment that first emerges during pregnancy.9 It affects 3–
10%) of pregnant women and is a risk factor for multiple
maternal and foetal complications.10 Acutely, GDM elevates
the risk of birth trauma and foetal macrosomia. Longer term
implications of GDM include the increased risk of diabetes mel-
litus type 2 and obesity in the mother, as well as diabetes mel-
litus type 2 and metabolic syndrome in children born to
mothers with GDM.11,12 In South Africa, GDM prevalence has
been found to be 9.1%, a significant figure considering the
impact of type 2 diabetes for a health system that is already
overburdened.13,14 A recent systematic review of CGM during
pregnancies complicated by GDM found mixed evidence for
its effectiveness.15 Two randomised trials reported no signifi-
cance in macrosomia, birthweight and gestational age at deliv-
ery between a group of women using CGM or another SMBG.
However, an observational study found CGM increased the
detection of both hypoglycaemic and hyperglycaemic episodes.
The review concludes by noting that research remains necess-
ary to understand whether CGM may have application in the
screening and prediction of GDM. None of the 29 studies ident-
ified was from a low- or middle-income country (LMIC).

The lack of studies exploring the use of CGMduring pregnancy in
LMIC populations is significant as there is abundant evidence to
suggest that digital health interventions require adaptation to
achieve cultural and practical acceptability and feasibility. Poten-
tial benefits to the management of GDM using modern CGM
systems that wirelessly transmit sensor data to the participant’s
phone, before uploading to a care provider’s dashboard, may
be limited by several potential barriers. In most cases of technol-
ogy-based interventions, primary challenges hinge around Inter-
net access and power. Technical capacity may also limit the use
of technology. Patients need to know how to use the technology
properly, such as how to connect a glucosemetre to their phone
and execute an upload. There may also be provider-related bar-
riers that limit technology use for diabetes management. Provi-
ders may not, for different reasons, endorse or recommend the
use of electronic management tools by their patients. They
could doubt the potential benefits, have concerns that use will
create uncompensated work for them or think that they will be
responsible for more data than they are able to keep up
with.16–19 While CGMs are a central component in the glucose
management of type 1 diabetes and insulin-dependent type 2
diabetes, little is known about how common health technology
barriers may impact on pregnant women using a CGM system in
South Africa. The aims of this study were to (1) describe CGM in
terms of feasibility and acceptability to pregnant women and (2)
explore the use of these data in GDM prevention.

Methods

Study design and sampling
This prospective mixed-methods pilot study used an explana-
tory design consisting of two sequential phases. In the first

phase, physiological, survey and continuous glucose monitor-
ing data were collected. These data were used to inform the
design of the second phase, during which in-depth interviews
were conducted. A stratified convenience sampling strategy
was followed to recruit woman between 12 and 18 weeks preg-
nant. To be considered for inclusion the pregnant woman was
required to have a first antenatal booking BMI of greater than
18.5 kg/m2. Recruitment was undertaken at the antenatal clinic
in the Chris Hani Baragwanath Academic Hospital (CHBAH),
Soweto. Women were classified either as overweight or obese
(BMI > 25 kg/m2) or within a normal range (18.5 kg/m2 to
24.9 kg/m2). Recruitment began in 2019 and was severely
impacted by Sars-Cov2 in 2020 when study enrolment was
closed. A total of 10 women consented to participate in this
study.

Setting
CHBAH is the largest hospital in Africa and is situated in Soweto,
an urban area in Johannesburg, South Africa. Participant recruit-
ment was undertaken at the antenatal clinic while all other
study procedures including glucose patch installation, assess-
ments and in-depth interviews took place at the SAMRC/Wits
Developmental Pathways for Health Research Unit (DPHRU),
based within the grounds of CHBAH. The facilities provided by
the unit include office space, a laboratory, and an examination
and interview room. The on-site laboratory was used to analyse
collected samples.

Procedures
After recruitment and initial screening, participants were pro-
vided with a convenient appointment date to return for their
scheduled visit at the DPRHU site. If eligible and consenting,
participants completed (1) written informed consent, (2) a base-
line demographic including date of birth, marital status, occu-
pation status, education and home description, (3) height,
which was measured without shoes to the nearest 0.1 cm
(0.04 in) using a Seca Stadiometer (Seca, Birmingham, UK) and
weight measured on an electronic scale to the nearest 0.1 kg
(0.22 pounds), (4) blood pressure, measured in accordance
with the American Heart Association recommendations using
Omron HBP-1300-E devices (Omron Global, Tokyo, Japan), (5)
10 ml of venous blood was drawn to establish non-fasting
HbA1c, adiponectin and cholesterol levels, (6) the Freestyle
Libre (Abbott Laboratories, Alameda, CA, USA) continuous
glucose monitoring patch was applied to the participant’s
upper arm. The Libre 2 can store 14 days’ worth of continuous
data on persistent in-device memory. A second patch was given
to participants, and they were asked to apply it after removing
the first patch after 14 days. Feasibility was assessed by review-
ing the amount of data collected from these two modes of
application. This allowed for a thorough test of whether
wearing a CGM patch could be reasonably achieved by preg-
nant women in Soweto.

Participants were given the telephone number of a research
assistant who was able to help with this procedure if needed.
Both patches were then either collected by the research assist-
ant or returned by the participant at a scheduled clinic visit.
Compliance was measured as the number of days, out of the
28 possible days, on which the participant wore the patch.
Number of days wearing the patch was established by down-
loading data from the patch and assessing how many days
had a complete set of readings. Participants were reimbursed
for travel expenses to attend the scheduled data collection
session. Within six months of returning the CGM patches,
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telephonic in-depth-interviews (IDIs) were undertaken with par-
ticipants to understand their experience of using the continu-
ous glucose patch and to establish their views on how
technology can support antenatal care. Interviews were con-
ducted by a female research assistant trained in qualitative
research methods. All interviews were conducted in the partici-
pant’s mother tongue (either Sesotho or isiZulu) and then tran-
scribed and translated into English. Participants were provided
with a pseudonym for use during the interview to protect their
identity. Interviews ranged from 20 to 48 minutes. The study
received approval by the University of the Witwatersrand
Ethics Committee (M190318).

Survey scales and interview guide
A health survey was administered at enrolment and included
several validated scales. Among them was the Healthcare Tech-
nology Self-Efficacy (HTSE) scale, consisting of three self-efficacy
factors, to assess individuals’ attitudes toward healthcare tech-
nology.20 At a follow-up visit conducted within one month of
completing the testing of the CGM patch, individuals com-
pleted the same health survey as administered at enrolment
(post-test data not presented in this paper). At six months a
qualitative interview was completed with participants. A semi-
structured guide was developed for this visit in order to
explore two primary topics of interest. First, the acceptability
of wearing a CGM during pregnancy among women without
gestational diabetes and second, their views on how technol-
ogy could be used to support antenatal care. Interview ques-
tions covered topics pertaining to comfort of device,
feasibility of wearing the CGM, understanding of what was
being recorded, what information they wished technology
could provide about their pregnancy, and any barriers they
encountered.

Analysis plan
Telephonic interviews were audio-recorded using a mixture of
mobile phone app (Automatic Call Recorder, Appliqato;
https://www.appliqato.com/) and a digital audio recorder
placed next to the telephone with its loudspeaker activated.
These recordings were transcribed, translated to English and
loaded into ATLAS.ti 8 (https://atlasti.com/), a qualitative soft-
ware package for data management, coding and analysis. The
first author (AVH) reviewed a subsample of transcripts and gen-
erated a list of inductive and deductive codes that mapped to
the themes present in the text. Deductive codes included
themes based on the interview guide questions and the induc-
tive codes were developed to identify new themes that
emerged through the process of review. Throughout the
coding process, the study aims were revisited to steer the analy-
sis towards the intended outcome. CGM data was analysed
using SPSS version 24 (IBM Corp, Armonk, NY, USA). An explora-
tory data analysis approach was decided upon to identify and
describe patterns in the continuous glucose data and the
relationship to participants demographics.

Results

Overall sample summary
Of the 10 women enrolled, the mean (SD) age was 29.81 years
(4.39). Nine9 of the women had a BMI above 25 kg/m2, 2 were
married, 2 employed and 3 had completed a tertiary degree.
An elevated HbA1c (> 7.8 mmol/l) was noted in none of the
women, and blood pressure was similarly normal (less than
120 mmHg systolic and less than 80 mmHg diastolic) for all
women in the sample. More detail is provided in Table 1. All

but one of the participants owned a smartphone. Only one par-
ticipant had heard about smartwatches, and she was also the
only one to have heard about fitness trackers. None had
health apps installed on their mobile phones.

CGM patch acceptability
Perceptions and reality of device use were found to be discor-
dant. Before applying the patch, participants reported feeling
apprehensive, worried about the pain and fearing needles.
These fears were in part raised by both the explanation given
to participants about how the CGM patch worked and them
seeing it with their own eyes (Figure 1).

‘I thought it was just a patch when I saw it. Its only then
when I realized it will have something inside me.’
(ADL006)

‘When it was first explained and demonstrated to me I
was worried because the needle looked so big and I
was scared it was going to be painful even worse
leave a mark after it was removed. It turned out to
not be painful at all, its even better than a finger
prick.’ (ADL009)

‘I was scared about the application but it turned out to
not be painful at all and I did not even feel it.’ (ADL008)

‘At first I was sceptical but after it was on me it wasn’t
painful, it wasn’t annoying, you couldn’t even feel that
it was there and it made me to be aware of what I eat
and how much exercise I do, its actually the one that
made me to be more conscious about what I do and
when do I relax, it was a lovely experience and I learnt
a lot from it.’ (ADL007)

Problems experienced during the 28 days included, most com-
monly, that it fell off. Other challenges included participants not
being aware that the patch was water resistant and removing it
during bathing, and scepticism from partners and family about
the true purpose of the CGM patch. However, for the vast
majority of women the device gave no problems, and they
quickly became accustomed to wearing it to the point that
they were no longer consciously aware of the patch being on
their arm.

‘Yes, it peeled off on its own within a couple of days and I
did not put on the second one because my husband was
uncomfortable, I told him it’s for HIV so he did not believe
me when I finally told him the truth.’ (ADL006)

‘Yes my 3 year old daughter kept on wanting to see it and
ask what it was so she always reminded me that there
was something on my arm.’ (ADL008)

‘No, I completely forgot about it, unless I accidentally
touch it while undressing or getting dressed.’ (ADL004)

Feasibility of CGM patch among women living in
Soweto
Continuous glucose readings were obtained from all 10
women with varying degrees of success. Two participants
chose only to wear one of the two provided sensor patches.
In the case of ADL002, she fell ill and chose not to continue
participation, while for ADL011 her partner was not happy
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for her to be a part of the research study and she chose to
complete activities at the research site but not at home. Of
the days participants were asked to wear the CGM patch,
compliance ranged from 42% through to 100%. Of the days
when the patch was worn, data were collected every
15 minutes, stored and retrievable with near 100% fidelity
(99–100%). The minimum recorded blood glucose from the
sample of women was 2.2 mmol/l and the maximum
reading observed was 7.9 mmol/l with a mean of 4.0 (SD
0.9). Table 2 introduces key descriptive statistics for each of
the women in the study. While the sensor did not remain
attached to some women (e.g. ADL007), when it was
secured the sensor produced a nearly perfect number of

readings. Figure 2a is an aggregate plot of all CGM readings
recorded by the patch during the course of the study for all
women, standardised to a start date of January 1, 2021.
Figure 2b presents the Locally Weighted Scatterplot Smooth-
ing (LOWESS) for a single participant and Figure 2c a
smoothed line plot of readings (mmol/l) disaggregated by
normal weight vs. overweight or obese.

Monitoring device preferences during pregnancy
Women found access to the information provided by the
patch both curious and fascinating. Many participants
reported drawing comfort from believing that a clinician was
monitoring their data in real time and would react if their
data suggested there was an emergency with the pregnancy.
Although this was not the case in this study, the idea appears
to be very compelling to pregnant mothers, who carry the
burden of both their own health and that of their unborn
child. Women spoke about wishing for a similar device that
could monitor blood pressure, their baby’s heart rate, HIV
and their mental health. These data would give the assurance
that all was well and support them to get the care and atten-
tion they needed.

‘I would like to know how my baby is because I had to
have a premature baby because of the dangers that I
had since they discovered that I got high blood pressure.Figure 1: Freestyle Libre continuous glucose monitoring patch.

Table 1: Demographic and health characteristics of participating women

Factor n Minimum Maximum Mean Std deviation

Calculated age 10 24.63 37.81 29.81 4.39

Weeks pregnant 10 11.00* 14.00 12.50 1.18

Weight, mean 10 52.07 93.05 67.44 12.28

Height, mean 10 147.05 170.01 157.36 6.16

Body mass index (BMI) 10 21.96 36.31 27.15 4.17

Heart rate 10 68.33 111.67 92.70 11.82

Left arm systolic, mean 10 88.00 115.67 101.53 8.54

Left arm diastolic, mean 10 54.67 76.33 67.27 7.24

HbA1c (mmol/l) 10 4.20 6.70 5.35 0.67

Lipogram (LDL) (mmol/l) 10 0.82 1.79 1.24 0.30

Lipogram (HDL) (mmol/l) 10 0.87 1.64 1.28 0.23

Triglycerides (mmol/l) 10 0.38 1.17 0.86 0.26

Cholesterol (mmol/l) 10 3.68 5.00 4.54 0.43

Ethnicity (black) 10

Marital status:

Single 8

Married 2

Education (schooling):

Secondary 7

Tertiary 3

Employment:

Non-manual work 2

Unemployed 8

Take care of other children (yes) 7

Meet metabolic equivalent (MET) target per week (yes) 5

Heard of a smartwatch (yes) 1

Heard of a fitness tracker (yes) 1

Own mobile phone (yes) 9

*One participant reported the first day of her last menstrual cycle taking place 11 weeks and 4 days before recruitment. She was incorrectly enrolled as she did not meet the
eligibility criteria of being between 12 and 18 weeks pregnant. Given the mixed-methods nature of the paper and small sample size it was decided to retain her data in the
analysis.
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Also the babies heartbeat and vitals. Knowing that my
baby will be safe and I will also be checked and be
referred if I need more care and attention.’ (ADL004)

‘What I wish is technology… . Knowing that my baby will
be safe and I will also be automatically checked and be
referred if I need more care and attention.’ (ADL007)

‘Having high blood pressure meant that I constantly
worry about my health and that of my baby so I felt

Table 2: Feasibility and some results regarding GDM sensor data

Participant
ID

Days with
sensor

(expected)

Days with
sensor

(observed)*
Readings
(expected)

Readings
(observed)**

Median
mmol/l

Min
mmol/l

Max
mmol/l

IQR
mmol/l

ADL002 14 13 (92.86%) 1248 1253 (100%) 4.2 2.2 6.7 1.1

ADL003 28 20 (71.43%) 1920 1920 (100%) 4.7 2.2 7.7 1.4

ADL004 28 12 (42.86%) 1152 1135 (99%) 3.9 2.2 6.4 0.8

ADL005 28 21 (75%) 2016 2016 (100%) 3.4 2.2 7.6 1.4

ADL006 28 14 (50%) 1344 1335 (99%) 3.7 2.2 6.6 1.2

ADL007 28 12 (42.86%) 1152 1152 (100%) 3.8 2.2 7.6 1.1

ADL008 28 18 (64.29%) 1728 1717 (99%) 3.9 2.2 6.5 1.1

ADL009 28 28 (100%) 2688 2658 (99%) 4.2 2.2 7.5 1.1

ADL010 28 26 (92.86%) 2496 2501 (100%) 3.5 2.2 6.3 0.9

ADL011 14 14 (100%) 1344 1339 (100%) 3.4 2.2 7.9 1.4

*df = 9; χ2 = 21.7; p < 0.05.
**df = 9; χ2 = 0.06; p> 0.05.

Figure 2: Daily CGM readings: (a) all readings from all women in the study standardised to a start date of 2021-01-01; (b) ADL002 with Locally Weighted
Scatterplot Smoothing (LOWESS); (c) women classified as either normal weight (n = 1) or overweight or obese (n = 9).
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like this would be a great feature to calm me down. Preg-
nancy can be very challenging but it helps to have
support from family and everyone who loves you so I
would like to have a device that might pick up my
moods and feelings.’ (ADL003)

Support was also expressed for the use of wearables during
pregnancy, particularly in the monitoring of both maternal
and child health. The only reason stated as a barrier to using
a wearable device during pregnancy was by a woman who
stated that her husband had a concern about her wearing a
device that might give off radio waves, which could impact
foetal development.

‘I would be excited if there was something that can tell
how the baby is growing and developing inside of me.’
(ADL003)

‘A device would help knowing that my baby will be safe,
and I will also be checked and be referred if I need more
care and attention. Knowing that I have something that
shows me that the baby is okay and I am also okay. If
I’m not fine, I am able to know and get ways to prevent
it from happening again.’ (ADL004)

Tracking and monitoring of growth and development, blood
pressure, nutrition and exercise, mental health and foetal
health all surfaced as targets for a wearable device designed
for pregnant women.

‘Yes, it would be nice to know how the baby is growing
and developing. The baby’s heart beat and the baby’s
weight [would be nice to know] because I had a very
big girl. Actually, all the vital signs so that there are no
surprises for both me and the baby.’ (ADL003)

‘Whether [I’m] eating correctly, if there’s anything life
threatening to me I would like to know about that,
what do I need to lookout for health wise and mentally.
Is the baby growing well is she eating well is there any-
thing affecting the baby and anything that might be
alarming.’ (ADL011)

‘I would also like to know that I do the right amount of
exercises. It must tell me my level of fitness and how I
can improve it so that I’m ready for labour even some
simple monthly exercises would be great and also to
know if I’m overdoing it because pregnancy can be a
fragile process.’ (ADL004)

‘Am I health[y] and is the baby healthy. Do I have any
deficiencies that I need to look out for while I am preg-
nant. I would like to know what I can do to make sure
that I’m getting enough nutrition because I’m no
longer just looking out for myself only and sometimes
we stick to diets that are not very helpful when it
comes to pregnancy. I think knowing all the above
would really improve the mental health state of any preg-
nant mom who has had multiple pregnancies and is con-
stantly worried about everything.’ (ADL008)

When considering the design of these devices, women
suggested a band or watch, which could be of any colour. Char-
ging and battery life were priorities in the design, with women

suggesting that the device be worn throughout the pregnancy.
The data would ideally both be available to the mother and be
automatically transmitted to a clinician who would monitor the
data for warning signs.

‘As soon as they find out that they are pregnant and to
use it at the beginning of every trimester. I would tell
them that these devices are very important and usefull
especially to pregnant mothers who might have some
health concerns they help not to worry a lot because
you know you have something that will let you know if
something is wrong. It can be something like a watch
or a band that the mom can wear.’ (ADL008)

‘It could work via the phone but phones sometimes run
out of batteries so at least with a watch you always
wearing it on your wrist. I know it’s hard to have some-
thing that won’t need to be charged so it would need a
long battery life so that it does not need to be charged
every day.’ (ADL004)

‘It can be a wearable device. It would definitely have to
have a separate battery so that I can continue to use
the watch while the battery charges. I would like it to
track the baby’s heart beat and help mommy know her
blood pressure. The device can use data or SMS or even
telephonically as long as the mother can have access.
All data or information can come directly to me and my
doctor or whoever is monitoring it. I would like my
partner and doctor or nurse to know this data as I’m
scared I might panic especially if I am lone.’ (ADL0011)

Discussion
The acceptability and feasibility of CGM among women in the
second trimester of their pregnancy was assessed as a first
step towards including CGM as part of a behavioural interven-
tion to reduce GDM. Both acceptability and feasibility were
high in this small sample of women. A primary barrier to
uptake was initial fear and concern about the pain caused by
applying the patch. Reframing how the device works and
refraining from using the word ‘needles’ might reduce anxiety
and improve uptake. Although there is currently mixed evi-
dence as to the clinical outcomes value of CGM in pregnancy,21

our data suggest another benefit. We found that acceptability
may be further enhanced by focusing on the psychological
relief that CGM patches and other monitoring technologies
may afford pregnant women. With the help of a research assist-
ant, all 10 women wore the first CGM patch for more than 85%
of the expected 14 days and a minimum of 99% of the data was
retrieved from the CGM patch. This suggests both high accept-
ability and feasibility if the devices are applied in a controlled
environment by a trained professional. The home application
was less well tolerated with only 4 out of the 10 wearing the
patch successfully in the second two-week period. For those
that did, data were again easily retrieved from the patch.

Wearable devices to support the pregnancy were found to be of
interest to all the pregnant women in the sample with only one
expressing a reservation related to her husband’s concerns
about the impact of wearable electronics on mother and child
health. Health interventions that could be supported by wear-
ables include mental health, nutrition and exercise, and foetal
health and development. These areas were all cause for sub-
stantial concern during pregnancy. Devices that could alleviate
these fears and provide reassurance or evidence that ‘all was
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well’ would be highly acceptable in this population. This type of
pregnancy-related anxiety (PRA) is well described in the litera-
ture with socioeconomic status and social support being key
drivers of PRA.22,23

A key limitation of this study is the small sample size. Although
sufficient for a qualitative study, especially because even with
this small sample we reached saturation in response to accept-
ability of the device, more data would have been helpful in
assessing feasibility in this context. Data collection was unavoid-
ably interrupted by the Sars-Cov2 pandemic, which halted most
non-essential research in 2020. This meant that only 10 women
could be recruited and IDIs completed. This small sample and
the convenience sampling approach is partially responsible
for 9 out of the 10 women happening to be overweight or
obese. This limitation is moderated by a strength of this
study, which is that these data clearly indicate that the next
steps can be taken towards integrating CGM in behavioural
monitoring and intervention. No obvious barriers exist that
need to be further addressed.

Although not highly acceptable in inpatient critical care set-
tings,8 the feasibility and acceptability of CGM during preg-
nancy in women both with and without GDM is well
described.15,24,25 The use of these devices in Soweto, South
Africa is less well known, although their potential is
evident from the high rates of GDM in this community.14

In other settings, feasibility and acceptability have been
good, with the majority of woman finding it easy to use
(92%), beneficial for self-glycaemic control (90%), and
being willing to wear a CGM patch again, with 77% of
women reporting its benefit outweighed its inconvenience.
Concerns include minor discomfort at the sensor site and,
in older systems, the need to carry the patch reader
around with them. CGM has been found to increase infor-
mation missing in self-monitored blood glucose diaries by
62%.15,26 The qualitative data collected in this study
support these findings with the CGM patch being acceptable
when applied with the help of a trained professional. Not yet
reported in the literature is the extent to which the CGM
data may introduce a level of psychological comfort
among women in knowing that their bodies are being mon-
itored for signs of distress. Women also report wishing the
technology could be extended to continuously detect
blood pressure, heart rate and HIV infection.

While registrational safety trials are complete for the first
implantable CGM from Eversense,27 the work described here
should be extended to better describe people’s views as to
the acceptability of implanting the sensor below the skin. Con-
spiracy theories abound as to how the COVID-19 vaccine is part
of a global conspiracy to implant a ‘chip’ into the body. These
types of concerns need to be surfaced and further understood
before moving to this potentially more convenient form of
sensor. Due to the volume of data generated by continuous
monitoring, future work should focus on applying machine
learning to these data sets to evaluate blood glucose fluctu-
ations and alert care providers to the possible early signs
of GDM.

Conclusions
While evidence is mixed as to the predictive value and clinical sig-
nificance of continuous glucose monitoring over traditional self-
monitoring of blood glucose, many of the studies finding no

value are now almost 10 years old.28,29 This study suggests that
CGMpatches are acceptable to South Africanwomen and feasible
in a context of intermittent electricity and highmobile phone data
costs. Feasibility produced mixed results with shorter use (< 14
days), but the device being applied by a trained research assistant
worked reasonably well for all participants. Patients attaching the
patch themselves produced more instances of the device falling
off, making long-term feasibility less certain. As an intervention,
the mental health of mothers could be improved by the knowl-
edge that their pregnant body is being remotely monitored.
Modern machine learning approaches could support this moni-
toring, analysis and feedback.
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