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Abstract

Background: MiaoMiao (MM) is a Bluetooth transmitter, which when paired with a smart phone/device, converts the
Abbott FreeStyle Libre flash glucose monitoring system into a Do-It-Yourself (DIY) continuous glucose monitor (CGM).
Families are increasingly adopting DIY CGM solutions, but little is known about parent and child experiences with these add-
on technologies. We aimed to explore experiences of families using MM-CGM including challenges faced and their advice to
others who may choose to use the technology.

Methods: Between May and July 2019, we conducted |12 semistructured interviews (in person or via video conference) with
parents of children (aged =16years) with type | diabetes using MM-CGM. Interviews were audio recorded; professionally
transcribed and key themes were identified through thematic analysis.

Results: Overall, parents used MM-CGM to proactively manage their child’s blood glucose. In all participants, this led to a
perceived decrease in frequency of hypoglycemia. Participants reported that the visibility and easy access to blood glucose
readings, glucose trends, and customized alarms on parent’s phones decreased their disease burden and improved their sleep
quality. Common barriers to using MM-CGM included difficulty of the setting up process, connectivity issues, and lack of
support from medical teams.

Conclusion: This study highlights the potential feasibility of using a DIY CGM system like MM-CGM, which could be an

empowering and cost-effective tool for enabling remote monitoring of blood glucose in real time.
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Introduction . .
of severe hypoglycemia include seizures, coma, or rarely

Management of childhood type 1 diabetes mellitus (T1DM)
incurs significant treatment burden for both patients and
their caregivers.' While intensive management reduces long-
term complication risk,> in the diabetes control and compli-
cations trial (DCCT), it resulted in a threefold increase in
severe hypoglycemia, with much of this occurring during
sleep.* However, the incidence of severe hypoglycemia has
decreased over the last two decades with implementation of
the results of the DCCT by diabetes teams, insulin analog
therapy, and the use of advanced technology.’ Complications

death.® Fear of severe hypoglycemia is common among par-
ents of children with T1DM, with resultant suboptimal gly-
cemic control.”

Glucose monitoring is a vital part of both hypoglycemia
prevention and intensive diabetes management, and is often
the responsibility of the caregiver for children and youth with
T1DM, particularly overnight.'® Each additional capillary glu-
cose measurement up to six daily is associated with a clini-
cally significant reduction of 5mmol/mol in HbAlc.'"'"
Continuous glucose monitoring (CGM) systems that measure
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interstitial glucose levels every five minutes may offer a range
of advantages over traditional capillary glucose monitoring.
These systems provide additional information on glucose
trends and reduce the need for frequent finger pricks. In addi-
tion, with the ability to set glucose threshold alarms (both for
hypo- and hyperglycemia), the requirement for overnight test-
ing may also be reduced." Frequent use of CGM translates to
improved glycemic control including reduced hypoglyce-
mia.'* Flash glucose monitoring (FGM), also known as inter-
mittently scanned CGM, measures interstitial glucose and is
an alternative CGM device. FGM has the advantage of not
requiring capillary glucose testing for calibration; but although
it continuously measures interstitial glucose, these readings
are only available when the user swipes their reader across the
sensor. Therefore, the currently available models are unable to
utilize glucose threshold alarms or remote monitoring. Despite
these limitations, FGM is now used by 1.5 million people
worldwide'® with its relative popularity arguably attributable
to its lower price (with FGM costing approximately $US1600/
year vs CGM at $US3200-6400/year). Cost is an important
barrier to access/uptake, and while FGM and CGM are funded
in some countries, both remain unfunded in New Zealand.

A third-party device (MiaoMiao, MM) has recently
entered the market.'® In combination with FGM, it has the
potential to offer many of the benefits of commercial
CGM at a fraction of the price (MM can be purchased
online for $US139 as a one-off cost). MiaoMiao, along
with other similar devices, converts FGM into a Do-It-
Yourself continuous glucose monitor (MM-CGM).
MiaoMiao is placed over the standard FGM sensor, uses
near-field communication to read raw data from the FGM
sensor, and then transmits this via Bluetooth to a paired
smart device, bypassing the official algorithm. The raw
data are then processed by an algorithm in a nonofficial
CGM app: either a proprietary third-party CGM app,
Glimp'” or Tomato,' or an open source CGM app devel-
oped by the #WeAreNotWaiting movement, Spike, or
xDrip+.'" #WeAreNotWaiting is a patient-led diabetes
technology innovation and advocacy movement that
developed in response to the slow rate of development of

patient-centered digital diabetes technologies.”® As DIY
projects, users are responsible for setting up their own
system with limited online support provided by the wider
#WeAreNotWaiting community. Whereas FGM is factory
calibrated and unable to receive finger prick calibrations,
finger prick calibration is a requirement of these systems,
which is anecdotally a positive feature.

Patients and their families are adopting MM-CGM as an
affordable CGM solution. However, this product/system has no
regulatory approval or safety data and the literature on the
patient/family experience in using a MM-CGM system is lack-
ing. To date, there has been no study investigating the experi-
ence of those families who were early adopters of using this
technology, usually without any recommendation from their
medical team. Therefore, we aimed to explore experiences of
families using MM-CGM, including reasons for choosing
MM-CGM over other glucose monitoring approaches, the
broad impacts this technology has on children and adolescents
with TIDM and their families, challenges while using this
technology, and families’ recommendations to others who may
choose to use DIY CGM solutions.

Methods

Recruitment

The study was conducted from May to July 2019. This study
was approved by the University of Otago Human Ethics
Committee (reference number: H19/002). The inclusion cri-
teria included having a child =l16years diagnosed with
T1DM, with current or recent use of MiaoMaio (MiaoMiao
Smart Reader, BL512, Shanghai High Brilliant Health
Technology Co. Ltd., China), English fluency, and willing-
ness to participate with no other restriction. Participants were
recruited using two approaches, initially from Southern
District Health Board diabetes clinics (» = 4) and then
advertisements posted to New Zealand T1DM Facebook
groups (n = 8). This enabled recruitment of those who were
broadly representative of parents who have chosen to use
MM-CGM in New Zealand.
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Study Design

Twelve semistructured interviews were conducted with the
parents. The final sample size was determined when data
saturation was reached, in that, for interviews 10 to 12, no
new information or perspectives regarding the main themes
became apparent. Before conducting the study, an interview
guide was developed based on a literature review and con-
sensus between investigators with expertise in child health,
pediatric endocrinology, and qualitative research.

Data Collection and Analysis

All participants completed a demographic questionnaire to
collect basic demographic criteria including age, gender, eth-
nicity, parent’s and child’s age, and duration of MM-CGM
use. Other clinical information such as recent HbAlc, dura-
tion of diabetes, and method of insulin administration was
collected from the primary diabetes care physician after get-
ting parental consent. The Diabetes Treatment Satisfaction
Questionnaires (DTSQs)*' were also used for better under-
standing and quantitative evaluation of the level of satisfac-
tion these participants experience. The DTSQs were analyzed
according to the scoring analysis instructions from the health
psychology research unit.*' One of the research team investi-
gators (SB or ME) carried out the interviews, with (BW, SB,
and ME) all involved in interview 1.

The interviews were conducted face to face (n = 3) or via
Zoom (Zoom Video communications, San Jose, California,
United States; n = 9) in accordance with participants’ prefer-
ence. Interviews lasted 50 to 75 minutes and were digitally
recorded. Recordings were transcribed verbatim, then
checked for their accuracy and de-identified.

The transcripts were coded thematically* using a frame-
work organized by the study objectives (ie, exploring par-
ents’ perceptions of wanting a CGM system, learning about
MM-CGM, setting up MM-CGM, and impacts and experi-
ences after using the system) in NVivo software (NVivo 12,
QRS International Pty Ltd., VIC, Australia). All transcripts
were independently coded according to the framework by
two investigators (ME and SB). Following this, members of
the research team (ME, SB, HC, and BW) discussed codes
and themes, achieving consensus that all key experiences
had been captured. The frequency for each theme and sub-
theme was quantified to aid determination of thematic satu-
ration, as well as to demonstrate the common experiences
among families.

Results

The demographic details of 12 participating families are
shown in Table 1. Details of the MM-CGM system, the
applications used by participants, and the number of people
using follower functions are shown in Table 1 and Figure 1.

Overall, participants described their experience of using
MM-CGM as positive, expressing general satisfaction with
the device. This was confirmed by the results of DTSQs
(Table 1). All participants noted positive aspects of remote
monitoring and safety alarms with predictive trend arrows
and graphs and associated increased awareness of hypo/
hyperglycemia. Results are presented in relation to the five
key study objectives (detailed in Tables 2 and 3).

Reasons for Choosing MM-CGM

Families relied on Facebook groups (12/12) and wider inter-
net searches to look for full CGM alternatives to FGM. Two
families had tried commercial CGM, but for most families,
the price of commercial CGM was reported as prohibitive
(9/12). During these internet searches, families reported that
MM was the most frequently recommended device for build-
ing DIY CGM. Beyond price, key reasons reported for choos-
ing MM-CGM included its perceived reasonable size (7/12)
as compared to other DIY CGM and Dexcom G4 CGM, with
some families (4/12) reporting the previous negative experi-
ences with other CGM systems, relating to bulky size, poor
connectivity (quote 5), or painful insertion (quote 6).

MiaoMiao Continuous Glucose Monitor Initiation,
Setting Up Process, and Other Negative Issues

The majority of participants (10/12) found the initial setup
process challenging. The most difficult challenges were
related to setting up Nightscout and sharing CGM data
between i0S and android devices. i0S users (n = 5) reported
difficulties with the open source CGM app, Spike. While the
majority of parents (10/12) were able to set up the system
using online resources and support via Facebook groups, two
parents sought technical assistance from someone other than
their own partner (quotes 13 and 14). Participants expressed
a desire for a “plug and play” alternative to the multistep
process that was required (quote 15).

Some families (n = 3) reported that the transmission of
the data from the primary collecting device to follower (care-
givers) devices was more stable when connected on Wi-Fi as
compared to connection on mobile data. The majority (n = 9)
noticed temporary signal loss when the primary collecting
device was not in the Bluetooth range of the MM (quotes 23,
24, and 25). Many (7/12) noted a lag period between MM
CGM readings and actual capillary blood glucose levels
(quotes 20, 21, and 22). In addition, five participants (5/12)
reported that the first MM transmitter they used was faulty or
cracked and they had to replace it. None of the families cur-
rently used the adhesive stickers that were enclosed in the
MM package directly applied to the skin as they were noted
to cause skin reactions. They reported only using these stick-
ers between MM and FGM sensors. Most of them (11/12)
used additional adhesive sport tapes.
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Table I. Characteristics of the Participants.

Parents
Sex, female n (%) I (91.7)
Age (y), (median (min, max)) 39 (29, 47)
European ethnicity, n (%) 12 (100)
Married n (%)/partnered n (%) 11 (91.7)/1 (8.3)
Education level—tertiary n (%)/high school n (%) 8 (66.7)/4 (33.3)
Working status
Working full-time, n (%) 4 (33.3)
Working part-time, n (%) 6 (50)
Full-time carer, n (%) 2 (16.7)
NZDep13 index®, median (median (min, max)) 2(1,8)
Children
Age (y), (median (min, max)) 6.65 (1.2, 14)
Sex, female n (%) 8 (66.7)
DiabetessMM
Duration of diabetes (months) (median (min, max)) 245 (3, 144)
Insulin pump® n (%)/MDI n (%) 9 (75)/3 (25)
Duration of using MM-CGM (months), (median (min, max)) I11.5(1.5,18)
Application® used for remote following, one application n (%)/Combination n (%) 5 (41.7)/7 (58.3)
Number of people following, (median (min, max)) 2(1,5)
Using smart watch, n (%) 4 (33.3)
HbA I c? (mmol/mol), (median (min, max)) 55 (40, 65)
DTSQs
Diabetes treatment satisfaction® (median (min, max)) 45 (39, 51)

Abbreviations: DTSQs, Diabetes Treatment Satisfaction Questionnaires; MDI, multiple daily injections; MM, MiaoMiao; MM-CGM, MiaoMiao continuous
glucose monitor.

*NZDep|3 index is a deprivation index based on household address with one being the least deprived and ten being the most deprived.

®No artificial pancreas/closed loop users.

“Applications used for the “follower” function; this included Nightscout, Nightguard, xDrip+, and Tomato applications.

9HbA I c is the most recent haemoglobin Alc obtained from the participants’ medical team after getting informed consent.

°DTSQs treatment satisfaction maximum and minimum scores are 60 and 0, respectively; status version for parents was used.

BN Android EEEEE Apple iOS | MM xDrip+ [ Spike N Time in range Time in hyperglycaemia
Both Tomato B Combination | |l Time in hypoglycaemia

Mobile phone operating Application used with
system MiaoMiao CGM

Figure |. Glycemic control, used applications, and type of mobile phone used by participants.

Self-reported used mobile device to pair with MiaoMiao continuous glucose monitor (left), used application to remotely follow blood glucose of the child
(center), and time spent in target glucose range as reported by the application paired with MiaoMiao continuous glucose monitor over previous two
weeks (right).
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Table 2. Reasons for Choosing MiaoMiao Continuous Glucose Monitor and the Setting Up Process: Representative Quotes.

Themes/subtheme
(frequency)®

Quotes (participant’s description)

Reasons for choosing MM-CGM

Affordability (9/12)

Size of MM-CGM
(7/12)

Personal experience
with other DIY
CGM devices (4/12)

Guidance from their
medical team (3/12)

Popularity of MM
(2/12)

Knowing someone
already using MM-
CGM (2/12)

)
@
©)
*)
O]
(©)
@)

®)
©)
(10)

“That’s why we came to the MiaoMiao because it was the cost effectiveness of it and it still gave you the
same sort of things as a Dexcom would.” Participant 07

“Ah, because we couldn’t afford the other one. It’s like Dexcom or something but we couldn’t afford
that.” Participant 12

“Blucon, we sort of looked into that but it didn’t float my boat because it sat too high on top of the
Libre. . ..we wanted something a wee bit more flatter” Participant 02

“the smaller profile of it for him to wear.” Participant |1

“We used that because that came out first, so we used that first of all but the Blucon was much bigger,
it sticks out a lot further and the Bluetooth connectivity is terrible with it. So, we were always having to
take it off and reset it and put it back on again” Participant 05

“The inserts for the G4 were beginning to get quite sore for her | think she realized how big the needle
was. So we decided to trial the Libre again because we could get MiaoMiao” Participant 02

“xxxxx told us about the various options that were available. He didn’t push us either way at all. He
just gave us the information and said ‘You might want to have a look at this’. This is another option.”
Participant 04

“We were told about a number of Facebook pages and its seemed that MiaoMiao was the most
common.” Participant Ol

“I spent a long time asking questions on Facebook or trying to follow peoples thinking, everyone loves
this MiaoMiao, | was pretty sure we wanted to buy one.” Participant 03

“We also had a friend whose daughter has got Type | and they had bought the MiaoMiao so we saw it in
action.” Participant Ol

Initiation, setup process, and other negative issues

Online resources
(9/12)

Getting help from IT
experts (5/12)

Difficulty with setup
process (10/12)

Suggestions to make
the process easier

Lag period between
MM-CGM reading
and finger pricking
value (7/12)

Temporary losing
connection (9/12)

(I

(12)

(13)
(14)

(15)
(16)

(17)
(18)
(19)

(20)
@21

(22)

(23)
(24)

(25)

“Actually the developers of the programs are actually on these Facebook groups so they can talk you
through. Quite often they’ll actually have frequently asked questions in the top of the page that you can
go read. . .” Participant 07

“But in saying that, when | got to having done a whole lot of this reading | actually went back to the
MiaoMiao website because someone pointed me back to that and if I'd just gone there straight away

it would have been really simple. So there is some good information on the MiaoMiao website about
setting it up.” Participant Ol

“l did ask my brother in law, he is a computer programmer” Participant 05

“l got my friend involved and she helped me set up with Nightscout to get it all set up. That’s her job.
She codes” Participant 08

“l am relatively simple. | can read the instructions but it need to be plug and play sort of thing” Participant Ol
“Then | said to my husband, this sounds really hard, we have to follow instructions it’s not as user
friendly as the fully paid up licensed apps that we are otherwise used to.” Participant 03

“But it’s definitely not that easy. Definitely not easy to set up. If you don’t know technology you’d be
absolutely lost.” Participant 09

“Probably having Spike as just an app. . ., Yeah just having it as an app available that you can just
download.” Participant 08

“if they had a video just showing someone doing it.” Participant 10

“It’s got this really big lag and sometimes it gets really stuck.” Participant 03

“It might be 5 to 10 minutes the lag time so that’s if the blood glucose is changing really rapidly the
interstitial glucose will be a little bit behind. It normally takes five to 10 minutes for it to catch up.”
Participant 05

“There’s a time lapse between the two, the blood ones that now reading and the Libre, MiaoMiao is
more like |5minutes ago reading so as | said it depends on how fast her blood sugars are changing.”
Participant 06

“So if she’s out of Wi-Fi range then you can’t follow.” Participant Ol

“Sometimes we just find it’s disconnected, and we don’t really know why. | should not blame the
MiaoMiao. When | am talking about the MiaoMiao, | do not necessarily mean the little product you buy
from China. | mean, the whole setup of Nightscout and Spike, and | don’t necessarily know exactly where
the problem is, or what bit to blame or what bit to fix” Participant 03

“When she’s playing sport and her phone is quite far away obviously it’s not communicating the blood
sugars in those situations. Maybe 40 minutes a day we might not be receiving the data.” Participant 06

Abbreviations: DIY CGM, Do-lt-Yourself continuous glucose monitor; MM, MiaoMiao; MM-CGM, MiaoMiao continuous glucose monitor.
*Number of participants describing each theme/subtheme.
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Table 3. Glycemic Control, Positive Impacts, and Recommendations: Representative Quotes.

Themes/subtheme (frequency)®

Quotes (participant’s description)

Glycemic control and growing confidence with MM-CGM

Decreased frequency of (26)
hypoglycemia (12/12)

(27)

(28)

Depending on MM for making  (29)
treatment decision only (30)
when in range (12/12)

€D

(32

(33)

Accuracy and reliability of MM-  (34)
CGM (9/12)

35)
(36)

Calibration and the decreased  (37)

burden of finger pricking
(12/12) (38)
(39)

(40)

“Technically he doesn’t really get lows anymore because we can actually jump on and say, Hey
you're going low. Have some carbohydrate.” Participant 07

“He still does have his lows, but we catch them earlier so he’s not going as low as what he used
to.” Participant 09

“I'd say less hypoglycaemia because at night time we would have that alarm to stop it from happening
so if she got to a 4 then we could either decide to stay up for a little while.” Participant 10

“When she gets to the extremes, we would always do a finger prick anyway.” Participant Ol
“We trust the MiaoMiao a lot more than anything else and so if he’s within a target of 4 to |5,
we just use what’s on the MiaoMiao.” Participant 04

“We don’t often act on that number although in saying that our daughter would because she’s

a teenager and she’s lazy and she looks at the watch that receives MiaoMiao data and so when
she’s at school she doesn’t want to get anything out of her bag, because she would rely on the
MiaoMiao for her lunchtime bolus.” Participant 06

“We do usually finger prick if we’re going to do a correction, we'll finger prick for a high but for
a low not so much.” Participant 07

“If she goes under 4 | will still finger prick her” Participant 12

“To be honest | find the MiaoMiao more accurate than the scanner (Freestyle Libre) sometimes.
The scanner is not very accurate with anything under say four and a half and anything over 10.”
Participant 02

“I would say it’s like it’s 90% reliable.” Participant 08

“l actually find the MiaoMiao is probably more accurate to the finger prick than the Libre.”
Participant 09

“So he didn’t have to have as many finger pricks but we finger pricked every morning so that we
could do the calibration.” Participant 04

“We always calibrate when we start a sensor. We will calibrate if we notice that it has got out,
we will do a recalibration.” Participant 05

“Definitely with the MiaoMiao you get a more, because you can calibrate to your app, so you
get a more precise reading.” Participant 07

“I would say when we change his sensor we probably do three or four finger pricks and then if
we need to check maybe one or two over the next couple of weeks but he’s pretty anti finger
pricking so we try and minimise it as much as possible.” Participant 09

Positive impacts, better quality of life, and better sleep quality

Positive impact on child’s life (41)
(12/12)
(42)
(43)
(44)
(45)
(46)
Impact on quality of life and (47)
disease burden in the family
(12/12) (48)
(49)
(50)
)

“It gives her a break from the disease without actually there being any difference in what we'’re
doing or controlling. So, that’s been a good benefit. | did not expect. It wasn’t the primary
reason buying it.” Participant 03

“Ability to monitor (child’s name) closely but not be in her world so much and not have her
notice and | don’t know if other parents find this but | would like diabetes to play a smaller part
in her life because | don’t want her to think of herself as “the diabetic.” Participant 03

“So we didn’t have to irritate her with this constant ‘What'’s happening, what’s happening?’ |
think it definitely helps stopping them getting worn down by it.” Participant 06

“We can feel quite confident sending him to a play date for an afternoon even for a full day
knowing that we can monitor him ourselves from afar.” Participant 07

“She can go on school trips now confidently.” Participant 08

“Whenever he wants he can go to a friend’s place and stay the night and | can monitor him from
home.” Participant 09

“A huge reliance on it now and definitely much less worry and anxiety because. We’re getting
that information and we’re keeping better blood sugars” Participant 05

“It has definitely. Over-exceeded my expectation to be honest. It has taken a lot of stress out
of it a lot of worry a lot of thinking out of it because we can actually get real-time information
especially if he is at school and we are at work. it’s definitely helped us lead a more normal life”
Participant 07

“90% or 100% of my day revolves around the MiaoMiao.” Participant 08

“MiaoMiao just you know it made my life a lot easier not having to disrupt the balance.”
Participant 10

“Well | was able to go to the movies last night and so that’s why my husband downloaded the
app, so we swapped it over to his phone and | went to the movies and | didn’t have to stress.”
Participant 12

(continued)
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Table 3. (continued)

Themes/subtheme (frequency)® Quotes (participant’s description)

Better sleep quality and night (52)
time care (10/12)

“What it enables me to do is when | do wake up, | can just roll over have a quick look and go
back to sleep. So you’re getting up less, possibly waking more, but that’s just a habit that you get
into | guess and you’re not actually getting up out of bed.” Participant 02
(53) “We were sleeping better because we had that safety and more comfort” Participant 11
(54) “Since having MiaoMiao she hasn’t been pricked overnight at all. More sleep for both of us.”
Participant 12
Peace of mind (5/12) (55) “Visibility and the alarms, the peace of mind and reassurance.” Participant Ol
(56) “Peace of mind’s a great thing with this with type one, you know, it just gives us so much peace
of mind.” Participant 02
(57) “It’s just peace of mind and you know just if anyone, if anyone God forbid had the same issue
then yeah Libre and MiaoMiao would be an absolute must.” Participant 09
Continued use of MM-CGM and recommendation for others
Continue using MM-CGM in (58) “We've just bought another one. So, that if the one we’ve got fails. | think we’d be lost now
the future and considering without it.” Participant 01
purchasing a second one (59) “I think it is fantastic. Wouldn’t be without it.” Participant 02
(7/12) (60) “No, | don’t want to change it. I'm pretty sure that Dexcom and all those other ones will still
have connectivity issues and things like that but in the meantime it works for us from a financial
point of view as well which is important.” Participant 04
(61) “I don’t know of anything else that could replace it at the moment. | wouldn’t stop using it”
Participant 08
“If the Medtronic system can come up with a similar solution where it bends out to an app
that allows us to see what’s going on, | would consider changing to that even though it's more
expensive you still get the advantage of the glucose suspend functions.” Participant Ol
(63) “Changing pump technology or if the Libre just developed its own transmit function.” Participant
03
(64) “it will just depend on what the news around the Dexcom Gé at the time it gets released
because there’s no point spending money on a new MiaoMiao if we’re going to change to the
Dexcom a few months later.” Participant | |
“I would recommend it but | would always say to them that | would explain that the setup that
is required and | would explain that it’s not just a product that comes from a company that you
can then call for backup.” Participant 05
(66) “Definitely yes, also well being funded would be awesome and also having them being brought
in by a New Zealand company and sold by a New Zealand company so there’s customer service
in New Zealand and if there’s anything that goes wrong with it you don’t need to contact
overseas, we've got a New Zealand contact for it.” Participant 07
(67) “Definitely because it’s just like buying peace of mind. | would recommend it for sure.”
Participant 09

Changing my mind in the (62)
future and using a different
device (5/12)

Recommending MM-CGM for  (65)
other families (12/12)

Abbreviations: MM, MiaoMiao; MM-CGM, MiaoMiao continuous glucose monitor.
*Number of participants describing each theme/subtheme.

Glycemic Control and Growing Confidence With
MM-CGM

All families depended on MM-CGM to inform proactive use
of corrective insulin dosing or carbohydrate consumption to
minimize out-of-target glucose levels. They found having
these data available on their phones in real time to be more
useful and informative than glucose readings obtained from
finger pricking or FGM scanning. They reported more stable
blood glucose levels which were reflected by increased self-
reported time spent in range (Figure 1) and decreased self-
reported frequency of hypoglycemia (12/12). The system
was also reported as facilitating learning about diabetes, with
families reporting growing capability in making treatment
decisions in response to glycemic fluctuations and trend

arrow readings. Most families used “low” alerts/alarms (set
between 3.8 and 6.0mmol/L) and “high” alerts (set between
8 and 24.0mmol/L). In all cases, these low and high alerts/
alarms were reported as being set by families without input
from their diabetes teams. Furthermore, none of our partici-
pants reported receiving any guidance from their medical
teams regarding safety alerts nor the frequency of calibration
in order to get accurate results from the system. Therefore,
while all participants calibrated, calibration frequency ranged
from five times a day as mentioned by one family to only two
times per week.

Nearly all parents (11/12) primarily used MM-CGM
adjunctively with confirmatory capillary finger pricks when
managing hypo/hyperglycemia.. One teenage girl was reported
to only use MM-CGM data (no adjunctive capillary input) to
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make treatment decisions at school (quote 31). Nine families
described MM-CGM to be accurate and reliable, some
reported that the device was more accurate than the FGM
(n = 5). However, one family reported trusting FGM more.

Positive Impacts, Improved Quality of Life, and
Better Sleep Quality

All of our participants reported a better quality of life after
using the device with reduced parental stress and anxiety. Some
allowed their children to have more social activities, such as
being out with their friends and having a sleepover, as remote
monitoring alleviated their previous concerns relating to hypo-
glycemia. Additionally, MM-CGM was noted to contribute to
improved parental sleep quality/quantity (z = 10). This was
due to decreased frequency and necessity of nocturnal blood
glucose monitoring. Nearly all the parents noticed that the bur-
den of multiple waking every night to check glucose levels,
which was reported as ranging from two to five times per night,
was dramatically reduced using MM-CGM. However,
MM-CGM did not eliminate all TIDM-related sleep disrup-
tion. One family had decided to use the system only during the
night to utilize out-of-range alerts. Another family reported that
their adolescent decided to switch off the alarms at school
because the child did not want to draw attention and the parents
did not follow the blood glucose levels during school time.

Continued Use of MM-CGM and
Recommendations for Others

All of our participants (12/12) planned to continue to use
MM-CGM and recommended it to other families because of
its affordability and functionality as a reliable remote CGM.
A perceived benefit regarding the rechargeable long-life bat-
tery of the device was reported by the majority of participat-
ing families (11/12), which can last two to four weeks. The
only ongoing cost was the cost of the FGM sensors. Some
(3/12) suggested others would be able to set up the system
provided they followed setup instructions in a logical manner.
The remainder suggested that the difficulty of the setup pro-
cess was a barrier to potential users. Parents hoped that com-
mercial CGM devices would get funded by the government.
Some (3/12) would prefer to be able to purchase the MM
transmitter from a New Zealand-based company, so they
would get after-sale customer service. Also, some specifically
wished for more involvement and guidance from their medi-
cal teams (n = 5), both in setup and reviewing data and safety
alerts; none of our participants reported any guidance from
their medical teams before purchase. Two families reported
that their medical teams were not familiar with MM-CGM.

Discussion

To our knowledge, this is the first study to explore any type
of DIY CGM. The main findings highlight the generally

positive self-reported experiences of parents of children with
T1DM using MM-CGM,; including reductions in fear of
hypoglycemia, improvements in parental and child sleep
quality, glycemic understanding and control, and decreased
overall disease burden. Negative aspects were also reported,
including the burden of setup, signal loss, lack of after-pur-
chase customer service, and their wish to have more support
and involvement from diabetes health professionals. Clearly,
while MM-CGM holds promise, there remains a need for
improvement and further research.

Importantly, a reduction in overall frequency of hypogly-
cemia and fear of hypoglycemia was reported by all families.
These benefits regarding hypoglycemia translated for many
families into improved peace of mind and reduced anxiety,
especially at night. While this needs confirmation from well-
designed trials, it is notable that the i-HART CGM trial
reported potential benefits of real-time CGM over FGM in
reducing the time spent in hypoglycemia and in improving
fear of hypoglycemia.”’ Several parents reported better sleep
quality/quantity while using MM-CGM. This is supported by
the general CGM literature.**** Similarly, our results suggest
that improved parental sleep may also improve sleep quality
for children.

In addition to benefits around hypoglycemia, as with the
previous CGM studies,”*® these participants reported better
glycemic control. The benefits of remote monitoring of glu-
cose levels were frequently mentioned and contributed to a
parental feeling of improved safety. The literature on CGM is
mixed, with recent data supporting improvements in parental
psychological measures including fear of hypoglycemia,'
although negative aspects have also been reported, including
heightened worry and anxiety as a result of increased aware-
ness of their child’s glucose measurements,”> which was
reported by one family in our study. The ability to take timely
action on receiving a preset alarm seemed to provide reassur-
ance to our participants.

Being a DIY diabetes technology, there were barriers fac-
ing users of MM-CGM, especially during the initial setup
which was described as a multistep, complex process.
Although the MM hardware came fully built, setup of soft-
ware on collecting and follower devices was undertaken by
users without input from their medical team or the manufac-
turer. Instead, online resources and peer support from others
within the DIY diabetes community facilitated the setting up
process and ongoing use. Furthermore, the participants
reported neither receiving support from their medical team
regarding setting alarms for glycemic excursions nor receiv-
ing education on best calibration practices. Both alarm set-
tings and calibration practices varied significantly among
families. Advice from clinicians regarding alarms and cali-
bration practices may assist future users to minimize alarm
fatigue” and maximize the accuracy of their CGM.™

Although the variation in calibration practices may appear
concerning, nearly all of our participants (apart from one
teenager) reported using MM-CGM as an adjunctive device



852

Journal of Diabetes Science and Technology 14(5)

for out-of-range readings and regularly performed confirma-
tory capillary glucose tests. Similarly, the connectivity issues
which participants experienced were partially mitigated by
the open-source CGM apps being designed to cope with fail-
ure, with their ability to set alarms for signal loss. Parents
trusted the device and the open-source software that they
used alongside the device. This brings into light the impor-
tance of examining healthcare professionals’ perceptions of
this new open resource “nonapproved” CGM technology and
their views for best practice.’’

Generalizing the results of our study to other families con-
sidering DIY CGM remains uncertain. These participants
were highly motivated and most of them were highly edu-
cated; they were also from a less deprived socioeconomic
position and all were of New Zealand European ethnicity. In
addition, as with other CGM data, overall parental technology
satisfaction (as measured by DTSQs) was also seen with the
use of MM-CGM,*** although DTSQs prior to use were not
measured for comparison. This could be another limitation
point as well as the self-reported improvement in the glycemic
control. The findings of this study represent parental self-
reported experience after using MM-CGM and clearly more
objective trial data are required. Strengths of this study include
the in-depth examination of the parental experience of using
MM-CGM. Though the interview guide was predefined, the
interviewers could explore new insights as they arose, aiding
our understanding of parental experiences. Although the sam-
ple size was small, no new significant insights emerged during
the final three interviews, suggesting that the key experiences
of caregivers using the system were identified.

Conclusion

In conclusion, this study confirms that families impacted by
T1DM are using DIY CGM systems, and in this sample
reported generally positive experiences, and recommended
these systems to other families. The use of DIY CGM is
primarily driven by the affordability of the system compared
to commercial CGM. Important benefits appear to cluster
around perceptions of improved safety, quality of life,
reduced parental anxiety, improved night time diabetes care,
and importantly decreased frequency of severe hypoglyce-
mia. Negatives with this DIY CGM solution do exist and
awareness of these are important for future users and diabe-
tes health professionals so all are fully informed before
beginning MM-CGM use. These findings highlight the
potential feasibility of using a DIY CGM system; but clearly
before healthcare professionals can readily recommend
these systems, further research building on the findings of
this study is needed to confirm the efficacy, safety, and reli-
ability of DIY CGM systems.
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