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Abstract Background Hypoglycemia (HG) causes symptoms that can be fatal, and confers risk
of dementia. Wearable devices can improve measurement and feedback to patients
and clinicians about HG events and risk.
Objectives The aim of the study is to determine whether vulnerable older adults
could use wearables, and explore HG frequency over 2 weeks.
Methods First, 10 participants with diabetes mellitus piloted a continuous glucometer,
physical activity monitor, electronic medication bottles, and smartphones facilitating
prompts about medications, behaviors, and symptoms. They reviewed graphs of glucose
values, and were asked about the monitoring experience. Next, a larger sample (N¼ 70)
wore glucometers and activity monitors, and used the smartphone and bottles, for
2 weeks. Participants provided feedback about the devices. Descriptive statistics summa-
rized demographics, baseline experiences, behaviors, and HG.
Results In the initial pilot, 10 patients aged 50 to 85 participated. Problems
addressed included failure of the glucometer adhesive. Patients sought understanding
of graphs, often requiring some assistance with interpretation. Among 70 patients in
subsequent testing, 67% were African-American, 59% were women. Nearly one-fourth
(23%) indicated that they never check their blood sugars. Previous HG was reported by
67%. In 2 weeks of monitoring, 73% had HG (glucose�70mg/dL), and 42% had serious,
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Background and Significance

Hypoglycemia (HG) in people with diabetes mellitus (DM) is
common and can lead to clinical signs and symptoms includ-
ing dizziness, tremors, confusion, anxiety, diaphoresis, neu-
rological changes, altered mood,1 fear of recurrence,2 coma,3

and death.4 Lower quality of life has also been reported.5,6

Although symptoms are common when HG occurs, many
people with DM remain unaware of the occurrence of HG,7

which occurs in 20 to 60% of patients who receive oral
medications for DM.5,8,9 Other risk factors include shorter-
acting insulin,10,11 skipping meals,12 intensive treatment for
DM,13,14 large fluctuations in blood glucose,15 alcohol use,
diabetic neuropathy, and infection.16 Many social and psy-
chosocial factors are associated with glycemic control or
other diabetes-relevant behaviors or outcomes, such as self-
care, blood pressure, lipid control, and quality of life. These
factors include social support, stress, self-efficacy, depres-
sion, and food insecurity.17,18 Access to diabetes education
programs and endocrinologists also varies substantially by
geography in the United States.19 Some age groups face
special challenges: although a guideline for older adults
(65 or more years of age) has “liberalized” A1c targets to
have a maximum of 8% rather than 7%,20 Lee et al demon-
strated that an educational intervention in support of the
guideline still led to more severe HG episodes requiring
emergency visits during early implementation.21

Both DM and HG are linked with dementia, one of the
longer-term risks from these conditions: DM is associated
with a roughly two-fold greater risk of dementia,22,23 and the
frequency of HG episodes appears to be an independent risk
factor for dementia.24 For example, in a cohort of 16,667
older adults followed for 27 years, a dose–response relation-
ship between number of episodes of HG and dementia was
demonstrated. Those with three or more HG episodes had a
nearly two-fold greater adjusted risk of developing demen-
tia.24 This seminal report has been followed by two other
cohort studies in older adults that confirm that HG is a risk
factor for dementia25 or cognitive decline.26

Although risk factors such as nutritional intake, medica-
tion adherence, and physical activity aremodifiable, they are
usually self-reported, if reported at all, in the outpatient
setting. Amongmost peoplewith DM, the typical lackof real-
time glucose data decreases the chance that HG will be
promptly identified and addressed. Wearable devices pro-
vide an opportunity to improve resolution of measurement
and feedback to patients and their primary care teams about

how to lower HG risk, such as by adjusting medications in
response to other parameters. The Endocrine Society has
suggested that intermittent use of continuous glucose mon-
itoring (CGM) systems designed for short-term retrospective
analysis may benefit adult outpatients with DM, for both
detection of abnormalities, and management of changes to
DM treatment regimens.27 A randomized trial of CGM alone
in older adults with type 1 DM showed that participants
using CGM experienced a decrease in HG, from a mean of
73minutes per day to 39minutes per day after 6 months.28

Whether older adults with DM and social risk factors can
wear and use monitoring devices successfully represents an
important knowledge gap.

Objectives

In a pilot feasibility trial, we sought to determine how
successfully a combination of wearable devices and CGM
could be used by older adults with DM in an urban safety-net
medical institution, to explore HG events over two weeks.
This report focuses on glucometry.

Methods

Setting
The setting was Eskenazi Health, a tax-supported safety-net
institution of Marion County in central Indiana. Headquar-
tered on an academic medical campus, Eskenazi Health has a
315-bed hospital, an emergency department, and a commu-
nity-based network of 30 outpatient or residential sites. In
2018, Eskenazi had 15,653 adult admissions and 962,191
outpatient visits (34% in primary care), handled by 4,571
health professionals including 1,073 physicians. The payor
mix was 27% Medicaid, 19% Medicare, 15% commercial, and
15% health advantage or self-pay.

Participants
The study had two phases, numbered 0 and 1. Phase 0 was a
developmental phase targeting 10 patients to use CGM and
wearable devices. It led to revisions and refinements of the
approach. Phase 1 then targeted 70 patients to pilot the
revised approach. At least one visit to an Eskenazi Health or
Indiana University Health primary care clinic within the
preceding 12 months was required.

Using printed flyers, clinic contact, telephone calls, and
mailed letters following approval of primary care providers,
we recruited patients aged 50 or older with a diagnosis of DM

clinically significant HG (glucose under 54mg/dL). Eight patients with HG also had HG
by home-based blood glucometry. Nearly a third of daytime prompts were unan-
swered. In 24% of participants, continuous glucometers became detached.
Conclusion Continuous glucometry occurred for 2 weeks in an older vulnerable
population, but devices posed wearability challenges. Most patients experienced HG,
often serious in magnitude. This suggests important opportunities to improve
wearability and decrease HG frequency among this population.
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who had active prescriptions for DM. English language and
access to a telephone were required. We excluded patients
with terminal illness, current or planned institutional resi-
dence within 6 months, evidence of cognitive impairment,
dependence on others for personal needs, dialysis, ascorbic
acid supplements, implanted medical devices, a bleeding
disorder, preexisting arm skin lesions interfering with CGM
usage, allergy to medical adhesives or isopropyl alcohol, and
plans for imaging or high-frequency electrical heat (diather-
my) treatment during the study period. These criteria ap-
plied to both phases. Phase 1 participants were required to
pass a 15-minute “exposure test” that aimed to determine
whether they had at least minimal ability to use the medi-
cation bottles, wrist-worn accelerometer, and smartphone.
Participantswere offered gift cards to participate: $25 for the
completion of a baseline assessment, a total of $50 for the 2-
week data collection, up to $10 for smartphone responses,
and $25 for completing follow-up questions after the 2-week
monitoring.

Activities and Measurements
An Abbott FreeStyle Libre Pro CGM was applied to partic-
ipants’ posterior arm, according to the manufacturer’s
instructions. This CGM, obtained from Abbott Diabetes
Care (Alameda, California, United States), is an FDA-approved
device whose monitor has an adhesive pad and small sub-
cutaneous tube, adhering to the skin on the back of the arm
for up to 2 weeks in each phase. It records the interstitial
glucose level every 15minutes. HG was defined as a glucose
value of 70mg/dL or less. Participants were blinded to CGM
values during the monitoring period.

Phase 0
A Google Pixel smartphone was issued, as well as a wrist-
worn Xiaomi Mi or Actigraph wGT3X-BT activity monitor
with accelerometer. To record medication-taking, electronic
Aardex MEMS bottles were issued for oral DM medications;
participants were prompted about insulin self-administra-
tion via smartphone prompts eight times per day. Via apps or
text messaging, the smartphone also prompted patients to
provide information about dietary intake, behaviors, feel-
ings, and any specific symptoms, such as dizziness, confu-
sion, or sweating, since the previous response. Following
data collection, participants were presented with a stan-
dardized color graph of CGM output from Abbott’s FreeStyle
software, depicting their glucose values and trends, andwere
interviewed regarding their experiences and any challenges
they faced with the study procedures. Results were used to
inform any adjustments needed for phase 1.

Phase 1
The Actigraph wGT3X-BT activity monitor was used. As in
phase 0, the Google Pixel smartphone, MEMS bottles, and
Abbott FreeStyle Libre Pro CGM were also used. For patients
without a standard bloodglucosemeter, the Abbott Freestyle
Freedom Lite blood glucose meter was provided, for record-
ing and reporting of bloodglucose. As in phase 0, participants

were presented with a graph of their glucose values, and
were interviewed regarding experiences and any challenges.

Data Management and Analysis
Measured datawere compiled and analyzed, along with data
about the patient’s demographics, as reflected in themedical
record. Descriptive statistics were used to summarize meas-
urements. Denominators in individual questionnaire
responses excluded cases with missing data. Research Elec-
tronic Data Capture (REDCap)29,30 was used to manage data
and study administration. We describe our experience with
themonitoring devices, but the analysis focused on the use of
continuous glucometry.

Results

Phase 0
We recruited 10 patients (seven African American, three
White, six women, aged 50 to 85 years) to pilot the monitor-
ing devices for 10 to 14 days. The CGM device exhibited a
knownproblemwith adhesive in adhesive-based continuous
glucometers: the glucometers are sometimes dislodged from
the skin prematurely, before the end of a full-monitoring
period. Various “third-party” manufacturers have created
reinforcing adhesive patches to address this issue. We tried
these, as well as standard cloth medical tape to secure the
CGM device, without much improvement in the function of
adhesion. As a result, we changed our approach to use a
simple nonprescription tubular elastic netting, obtained at
CVS pharmacy and placed on the arm, covering the continu-
ous glucometer. The netting’s mesh grid is wide and non-
obstructive. Skin-Tac, a tacky adhesive layer, was also applied
to the skin before the continuous glucometer was placed.

As we showed participants the graphs of their glucose
values, we found that they sought understanding of the
graphs, and frequently considered links between the results
and their earlier activities, aswell aswhat changes theycould
make to their activities to improve their glucose values.
Several participants did appear to have difficulty interpret-
ing the graphs without instruction, but performance im-
proved when a brief explanation was provided. The findings
prompted the study team to pursue the use of both graphical
and text-based summaries of glucose values for participants.
Feedback from the participants as well as discussions with
clinicians about priorities of recommendations led to the
design of the reporting form.

Phase 1
Characteristics of participants who completed phase 1
(N¼70), whose age ranged from 50 to 85 years, are shown
in ►Table 1. About two-thirds were Black or African-Ameri-
can. More than two-thirds had a hospital admission in the
preceding 30 to 365 days. At baseline, nearly a quarter
reported never checking their blood glucose, and about
half reported having no daily routine for meals. Many
(19%) had never used the Internet, but almost all (97%) had
used a mobile phone at least twice in the previous week.
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Worry or fear about low blood glucose in the past monthwas
reported as “some” or “a lot” by 37%.

CGM indicated that HG occurred at least once in 51 (73%)
of the participants within the 2-week monitoring period;
42%had serious, clinically significantHG (at least one glucose
value less than 54mg/dL). Eight patientswith HGalso hadHG
by standard home-based blood glucometry. After the moni-
toring period, worry or fear about low blood glucose was
worse in 1.4%, unchanged in 79%, and better in 20%.

Unintended CGM sensor removals, such as a sensor falling
off or being accidentally removed, occurred in 24% of par-
ticipants; a new sensor was applied in such cases. One of the
CGM sensors could not be activated and was deemed defec-
tive, so a new one was applied. One participant failed to
complete phase 1, because the sensor fell off at the end of the
monitoring period and could not be located. Sensor removals
including the following observations: a visible ring or ery-
thema marking the adhesive area (N¼10), presence of a
small blood droplet (N¼1), and a small ecchymosis (N¼1).

Nearly a third of daytime smartphone prompts were
unanswered. Upon visiting several homes to apply a CGM
sensor, we found that many participants were not carrying
the smartphones as instructed, and in some cases, others in
the home were using the phones.

Discussion

Although CGM has been used in the study and clinical
management of type 1 DM,27,28,31,32 with improvements
in A1c,33,34 its periodic usage could be valuable in type 2 DM
as well.35 This pilot of CGM and wearable devices to monitor
events relating to HG demonstrated feasibility of monitoring,
engagement of older adults in a safety-net institution, and

Table 1 Characteristics of participants in phase 1 (N¼ 70)

Characteristic Value

Demographics

Age, mean (SD) (years) 60 (7.4)

Gender, female (%) 59

Race (%)

Black or African American 67

White 31

Other 1.4

Highest education level (%)

Less than high school 5.7

High school 50

College 40

Graduate school 4.3

Medicaid (%) 16

Clinical features

Body mass index, mean (SD) (kg/m2) 36.2 (8.3)

Estimated glomerular filtration rate, mean (SD)
(mL/min)

89 (32)

Medical conditions according to the medical record (%)

Alcohol 4.3

Autonomic failure 24

Cancer 21

Coronary artery disease 7.1

Heart failure 13

Diabetic neuropathy 16

Hypoglycemia in preceding 12 mo 23

Infection in preceding 30 d 43

Hospital admission in preceding 30–365 d (%) 69

Medications for diabetes mellitus (%)

Insulin

Long acting 60

Other insulin 21

Sulfonylurea 36

Last A1c (%)

�6.5 27

>6.5, <7 7.1

�7, <8 24

�8, <9 14

�9 27

Survey questions

Do you ever check your blood glucose
(yes, %)

77

Have you ever had a low blood glucose
level (yes, %)

67

Do you have a daily routine for meals
(yes, %)

49

Table 1 (Continued)

Characteristic Value

Have you ever used the Internet (yes, %) 81

Do you have Internet service at home
(yes, %)

79

Used a mobile phone more than once in the past
week (%)

97

Worry or fear about low blood glucose (%)

Baseline: “In the past month, has this been a problem?”

Not at all 47

Very little 16

Some 30

A lot 7.1

After the monitoring period: “How has it changed in the past 2
weeks?”

Worse 1.4

Same 79

Better 20
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potential for CGM. During the short monitoring period, the
markedly high incidence of HG—73% of participants—and
clinically significant HG values less than 54mg/dL, indicate
the likelihood that standard blood glucometry through self-
monitoringmissesmany or most HG events, and indicates the
urgencyofmore effective approaches to detecting, preventing,
and managing HG. Complementing published reports about
the benefits of CGM, this pilot demonstrated the limitations of
“wearability” of CGM and other wearable devices among
vulnerable older adults, and the need for improvements.

An intervention based on our findings could represent a
step toward enabling patients and their health care profes-
sionals to see, share, and discuss the same information. Ratna
et al demonstrated the value of using this CGM product as an
educational tool in sharing data with the patient.35 Addi-
tional strategies such as coordination with primary care
clinicians and family members may be important for long-
term success. Saleem et al have advocated for considering
expanded uses of wearable devices, along with greater
attention to incorporating the data into workflows and
the electronic health record.36 Karway et al noted hetero-
geneity in barriers to self-management, identifying a need
for tailored targeting of treatment barriers in DM.37,38 At a
larger level, population-based dashboards might improve
outcomes for communities. Unblinding the CGM readings,
and enabling frequent real-time feedback of results, could
lead to earlier detection of HG, and would enable patients to
respond to glucose values more quickly. Some newer CGM
devices do include Bluetooth connectivity for monitoring
via smartphones. Richer educational strategies—perhaps
incorporating CGM education into diabetes educational
programs—and testing of patients’ responses to events in
simulated environments may also hold promise.39 HG
awareness training has been shown to help.40 The use of
secure messaging,41 personalized goals and decision sup-
port,42,43 web-based applications for sharing results,44 and
social networks45 to inform and educate patients about
managing DM may also be useful. Quinn et al found that the
use of mobile telephones to provide educational and be-
havioral messaging in response to blood glucose values,
medications, and behaviors decreased A1c without an
apparent increase in HG,46 but the intervention required
manual data entry, a process that is probably not sustain-
able in practical terms. Easier and more automated
approaches to detecting HG and managing and communi-
cating DM data are needed. In addition, interventions to
decrease coprescription of insulin with sulfonylureas or
thiazolidinediones, and to assist with broader issues of
polypharmacy, may be beneficial.

Although our package of devices enabled the generation
and use of a large volume of data relating to DM and HG, we
found the overall wearability of the devices to be rather poor
and in need of improvement. The diverse arrayof commercial
adhesive products marketed for CGM devices signals the
need for a more durable product, in terms of physical
application to the body. At the same time, the devices are
sometimes uncomfortable to wear, and often lead to skin
irritation or inflammation. The lack of requirement for a

finger-stick calibration of the Abbott CGM device is a benefit.
Since smartphones, which often require daily electrical
charging, are not always carried, and measuring dietary
intake with reliability and validity has proven elusive with
many other approaches used by others, innovations in
assessing diet are needed. Although smartphone cameras
have been used to photograph and analyze meals for caloric
intake, the process requires manual activation, and accuracy
of automated analysis varies.47 Even physical “bite counters”
have been found to generate both false-negative and false-
positive results.48 The physical activity monitors that we
tested were either too limited or too bulky for continuous
usage over long periods. Smartwatches offer potential for
improved convenience, wearability, and usability, but re-
quire a great deal of further study.49 Body vests have been
investigated and might actually address certain barriers,
especially in disabled patients.50 Currently, however, a col-
lection of more usable devices is needed to enhance success
in detecting, preventing, and treating HG.

Because CGM measures interstitial glucose, its underes-
timation of blood glucose is a known limitation.51 Thus, in
examining HG, false-positive events may be especially
likely. Alitta et al found that, among 144 CGM values less
than 70mg/dL, 51% were associated with blood glucose
values of 70mg/dL or greater.52 Gehlaut et al found that,
among 108 patients with type 2 DM studied with CGM for
5 days, 49% had HG events, and 49% of these hypoglycemic
patients experienced severe HG,53 unlikely to be normo-
glycemic events masquerading as false positives. In our
study, HG by CGM was uniformly confirmed when self-
monitored blood glucose was measured. We maintain that,
even considering CGM’s modest margin of error, low CGM
values warrant confirmation and investigation, since many
of them represent clinically important HG. Newer real-time
CGM may also provide a faster diagnosis with greater
convenience. Tradeoffs of pricing, usability, accessibility
of devices and data, and other factors will be important
as patients and clinicians share decision-making about how
to monitor.

Limitations

The study had limitations. The poor adhesiveness of CGM
devices led to occasional interruptions in data collection. A
small number of options were considered for monitoring
dietary intake and physical activity. The monitoring period
was short. Results might not reflect populations with sub-
stantially different demographics, geography, comorbidities,
access tomedical care, employment, or other characteristics.
The analysis did not specifically summarize “time in range”
for glucose. Although the study did not aim to separate type 1
from type 2 diabetes, most older adults with diabetes have
type 2.

Conclusion

In summary, continuous measurement of glucose, physical
activity, and food intakewas achieved for up to 2 weeks in an
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older vulnerable population with diabetes, but the wearable
devices posed challenges relating towearability, learnability,
and usability. Most patients had documented HGwithin the
short study period, and more than a third had serious,
clinically important HG. We identified opportunities to
decrease the frequency of HG, including shared monitoring
results, tailored recommendations, and automated prompts
based on triggers from continuous monitoring, but success-
ful prompting will require more attention to engineering the
workflow of activity to promote adherence and ease of
reporting. Approaches to obviate the need for prompting
would decrease the reporting burden for participants. In-
cluding the primary care team in the process may also be an
important addition. Short ofmore robust and easiermethods
to capture data about physical activity, medication adher-
ence, and dietary intake, a larger trial of CGM-based shared
decision-making in primary care is a logical next step.

Clinical Relevance Statement

This study examines approaches to improving glycemic
control and lowering the risk of hypoglycemia in older
patients with diabetes mellitus. Older adults can use wear-
able devices but may benefit from better wearability of the
devices. Integrating clinicians into workflow, assessment,
and feedback appears important.

Multiple Choice Questions

During 2 weeks of monitoring vulnerable older adults with
diabetes, what percentage developed HG as recorded via
continuous glucometry?
a. 18%
b. 24%
c. 48%
d. 73%

Correct Answer: The correct option is d. HG is common,
especially considering the multitude of risk factors and
potential for unawareness of HG. Short-acting insulin, inten-
sive treatment for diabetes, and skipping meals are three of
the risk factors for HG, which occurs in 20 to 60% of patients
who receive oral medications for DM.

What is an advantage of continuous glucometry over stan-
dard blood glucometry?
a. Continuous glucometry eliminates the need for insulin.
b. Continuous glucometry provides more timely measure-

ment and feedback.
c. Per day, continuous glucometry is less costly than blood

glucometry.
d. Continuous glucometry is more accurate.

Correct Answer: The correct answer is b. Although blood
glucometry can be done on demand, continuous glucometry
measures glucose every few minutes. Today’s systems can
also provide users with an immediate understanding of the
glucose levels. Although accuracy does not fullymatch that of
blood glucometry, it is generally close.
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