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ABSTRACT

Background: Professional CGM (continuous glucose monitoring) holds the
potential to improve diabetes management in older adults with insulin-
treated type 2 diabetes. However, information on professional CGM use
and the reasons for and barriers to prescribing it in clinical practice are
limited.

Methods: At a tertiary diabetes-only clinic,c, we reviewed electronic
medical records of older adults with type 2 diabetes (=65 years) on insulin
that underwent professional CGM. Additionally, we surveyed clinicians on
the reasons for and barriers to prescribing proCGM.

Results: During a 3-year period, a total of 2,481 older adults with type
2 diabetes (7217 years, HbA1c 8.2+1.5% and diabetes duration 21+10
years) using insulin were seen in the clinic. One-hundred and sixty-nine
older adults (7% of the total) underwent professional CGM. In the 139
older adults (7718 years, HbAlc 8.0+1.5%, duration of diabetes 21+12
years) with viable proCGM data, the mean duration of hypoglycemia was
high (<70 mg/dL: 5.516.3%; <54 mg/dL: 2.2£3.5%) and 86% of the
cohort had =1 episodes of hypoglycemia (=15 min). A clinically significant
discrepancy (=0.5%) between HbA1c and glucose management indicator
was observed in 65% of the cohort.—More than 80% (20/25) of the
clinicians reported the use of professional CGM was helpful for pattern
management and identification of hypoglycemia, however more than half
of clinicians reported difficulty with clinical workflow and insurance
coverage.

Conclusion: In older adults with type 2 diabetes on insulin, professional
CGM identified a high burden of hypoglycemia, despite suboptimal
HbA1c. The great majority of clinicians reported use of professional CGM
helpful for diabetes management, however infrastructures issues were a
major barrier to using it.

Keywords: Continuous Glucose Monitoring (CGM), Glucose Management
Indicator (GMI), Type 2 Diabetes, Older Adults, Hypoglycemia, Insulin
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Introduction

In the United States, several millions of older adults
(=65 years) have type 2 diabetes (T2D) treated with
basal or basal bolus insulin 1. Older adults with T2D
treated with insulin are at high risk of hypoglycemia and
its related poor clinical outcomes 2 3. Risk of
hypoglycemia may not correlate with glucose average
and HbATlc level, therefore hypoglycemia may be
difficult to recognize, especially in the older population
where hypoglycemia unawareness may be present 4. In
randomized controlled studies, in older adults with
diabetes on insulin, the use of continuous glucose
monitoring (CGM) has shown to improve glycemic control
and mitigate the risk of hypoglycemia 5 ¢ 7 8 In older
adults with type 1 diabetes, the use of CGM derived
metrics, such as glucose variability and glucose
management indicator (GMI), can better identify
individuals at higher risk of hypoglycemia compared to
HbA1c alone °. However, currently there are very limited
data on CGM metrics and their relationship with HbA ¢,
glycemic control and risk of hypoglycemia in older adults
with T2D.

In addition, the use of personal CGM in the adult
population has shown a reduction in the risk of emergency
department visits and hospitalization related to
hypoglycemia 9. However, the uptake of personal CGM
in older adults with T2D on insulin is limited 19 1. Older
adults may experience cognitive and functional
impairments that can interfere with the ability to initiate
and use new technologies’?, and these impairments may
be a barrier to initiating personal CGM. In addition, a
report of a workshop of older adults and their caregivers
focusing on the initiation and use of CGM suggested that
older adults may need more technical support and a
dynamic age-specific education '3 that may not be yet in
place in clinics. Lastly, despite broad coverage of
personal CGM in insulin-treated older adults, its uptake
is still <10%, possibly due to racial, ethnic, and
socioeconomic dispariti''.

Professional CGM (proCGM) is a viable option for older
adults with T2D that are unable or unwilling to use a
personal CGM. ProCGM devices, which require no input
from patients and provide no data to them in real time,
are provided by the clinicians and worn by the person
with diabetes for a short period - up to two weeks -
providing insight on glycemic pattern. The American
Diabetes Association Grade E (expert opinion)
recommends the use of proCGM “in identifying and
correcting patterns of hyper- and hypoglycemia in
people with type 1 diabetes and type 2 diabetes” 1415.16,
However, proCGM is not used commonly in clinical
practice. The reasons for the underutilization of this tool
are not clear.

In this retrospective cross-sectional study, we reviewed
electronic medical records of older adults (=65 years)
with T2D on insulin seen in a tertiary diabetes-only clinic
between January 2017 and March 2020, and analyzed
data from proCGM performed during this time in the
same cohort of patients. Furthermore, we surveyed
clinicians in the clinic to understand the reasons for and
barriers to prescribing proCGM in clinical practice.

Methods

We performed a retrospective cross-sectional analysis on
older adults (=65 years) with T2D seen in the clinic
between January 1, 2017 and March 1, 2020 and
identified older adults that underwent proCGM.
Demographic and clinical data were retrieved from the
clinical medical records. The study was approved by the
local Institutional Review Board.

Professional CGM: Data from proCGM prescribed to
older adults (age =65 years) with T2D on insulin (basal
or basal /bolus) were collected. Patients labelled with ICD
code consistent with prediabetes, hypoglycemia without
associated diabetes ICD code, pancreatic diabetes, or
impaired glucose tolerance were excluded, along with
patients with T2D not on insulin. Data collected with the
proCGM were “masked,” therefore the patient had no
interaction with the sensor and no access to real-time
glucose data. At the visit (end of the wear period), the
sensor was scanned and CGM data were uploaded to
the software to generate a standard Ambulatory
Glucose Profile report, which includes CGM-measured
mean glucose concentration during the period of the
CGM wear. Data were run through Spyder 3.1 IDE to
retrieve CGM metrics for time in range (TIR) defined as
glucose 70-180 mg/dL. Time in hypoglycemia defined as
<70 mg/dL and <54 mg/dL, and time above range was
defined as glucose 180-250 mg/dL and >250 mg/dL.
Data on proCGM was deemed sufficient for analysis if
there was =210 days of data available from the 14 days
of wear. Coefficient of variation (CV%) was calculated
as: (standard deviation / mean glucose in mg/dL) X 100.
GMI was calculated as: 3.31 + (0.02392 X mean glucose
in mg/dL) 1517

Laboratory HbA1lc values collected within one month of
proCGM wear were used.

Clinician Survey: We administered an anonymous survey
using REDCap electronic data capture tools hosted at
Joslin Diabetes Center '8 to clinicians (endocrinologist (E)
and nurse practitioners (NP)) seeing patients at our
institution, a diabetes-only center (Joslin Diabetes
Center), to assess reasons for and barriers to prescribing
proCGM between March and June 2023.

Statistical analysis: For categorical variables, data are
reported as number (n) and percentage (%) of the cohort.
Data are reported as mean £ SD for data with normal
distribution and as median and first and third
interquartile (quartile 1, quartile 3) for data with non-
normal distribution. SAS version 9.4 software was used
for all analyses and included Pearson correlations,
Student t tests, Fisher exact tests, and simple linear
regression modeling. A P-value of <0.05 was considered
statistically significant.

Results

A total of 2,481 older adults (=265 years) with T2D using
insulin (age 72*7 years, HbAlc 8.2+1.5%, diabetes
duration 21110 years) were seen at the Joslin Diabetes
Center between January 2017 and March 2020. One-
hundred and sixty-nine older adults with T2D on insulin
(7% of the entire cohort) underwent proCGM and 139
(82%) had sufficient proCGM data to analyze. Patients
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undergoing proCGM were older compared to the whole
cohort (age: 7718 vs. 7217 years; p<0.001), and had
similar glycemic control as HbA1¢ (8.0£1.5 vs 8.2+1.5%;

Table 1. Demographic Characteristics and proCGM Metrics

p=ns), as well as duration of diabetes (21£12vs 21+10

years; p=ns) (Table 1).

All Pro-CGM P-Value
N 2,481 139
Age (years) 72+7 77 £ 8 <0.001
Duration of diabetes (years) 2110 21£12 NS
HbATc (%) 8.2*1.5 8.0%1.5 NS
GMI (%) NA 7.3%1.4 :
CV (%) NA 42% -
Duration of Hypoglycemia <70 mg/dL (min/day) NA 80192 -
Duration of Hypoglycemia <54 mg/dL (min/day) NA 32151 -
Duration of Nocturnal Hypoglycemia <70 mg/dL (min/day) NA 24 (6, 60) -
Episodes of Hypoglycemia (>20 consecutive min/day) NA 86% -
(episodes/day)
% of cohort with CV >36% NA 58 (49) -

In the cohort of 139 older adults with viable CGM dataq,
the mean duration of hypoglycemia (<70 mg/dL) was
80192 min/day (5.516.3%) and clinically significant
hypoglycemia (<54 mg/dL) was 32%51 min/day
(2.2£3.5%). A total of 86% of the cohort (n=119) had
>1 episode of hypoglycemia (=15 consecutive minutes of
glucose level <70 mg/dL) (Table 1). The comparison
between older adults with T2D with (n=119) and without
(n=20) hypoglycemia did not show a statically significant
difference in age (7716 vs 7618 years, p=ns), duration
of diabetes (21X12 vs 20£12 years, p=ns) or HbAlc
(7.9%11.4 vs 8.3%£2.0, p=ns), while a greater number of

older adults with hypoglycemia had a CV >36%
compared to the ones without hypoglycemia (49% vs 1%,
p=0.0003).

When we analyzed data for the whole cohort by CV
(<36 and >36%), glycemic control measured by HbA1c
was not different (7.8 vs 8.2%, p=ns), however, time
spent in hypoglycemia, both <70 mg/dL and <54
mg/dL was higher in the cohort with CV>36% compared
to <36% [(120 vs 43 min/day mg/dL; p <0.0001) and
(60 vs 11 min/day; p <0.0001)] (Figure 1).

Figure 1: Time Spent in Hypoglycemia and HbA1c Stratified by Coefficient of Variation
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Figure 1A. Time spent in hypoglycemia <54 mg/dL and <70 mg/dL per day stratified by coefficient of variation <36%

(dark grey) and =236% (light grey)

Figure 1B. HbA1c stratified by coefficient of variation <36% (dark grey) and >36% (light grey)

Next, we looked at the relationship between glycemic
control, measured by laboratory HbAlc, and GMI. We
observed an absolute clinically significant difference

between HbA1c and GMI greater than 0.5% in 65% of
the cohort and a difference between HbAlc and GMI
greater than 1% in 45% of the cohort. (Figure 2)
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ProCGM in Older Adults with T2D on Insulin
Figure 2. Absolute difference between HbAlc and GMI in adults, older adults with type 1 diabetes and older adults

with type 2 diabetes

100
80

60
40
20

Percent of Cohort

<0.5%

O Historical

20.5-1.0%
Absolute difference between HbA1c and GMI

>1.0%

mOlder T1D = Older T2D

Figure 2. Absolute difference between HbAT1c and GMI. Historical cohort (white bar), older adults with T1D (black bar)

and older adults with T2D (gray bar)

To assess the reasons for and barriers to prescribing
proCGM, we surveyed twenty-five clinicians (60%
endocrinologist (E) and 40% nurse practitioners (NP)).
They reported that the most common reasons to prescribe
proCGM were: pattern management to adjust
medications (88%), followed by worries of unrecognized
hypoglycemia (88%), and lack of glucose data (76%)
and discordant HbA1c and fingersticks (76%) (Figure 3

panel A). Other than the patient already using personal
CGM and/or eligible to use personal CGM (62%),
clinicians reported the barriers to prescribing proCGM
were: the time to organize proCGM in the clinic (52%),
patient unwillingness to undergo proCGM (52%) and
uncertainty whether proCGM was covered by patient’s
insurance plan (32%) or if patients qualified for insurance
coverage for proCGM wear (20%) (Figure 3 panel B).

Figure 3: Reasons for and Barriers to Prescribing proCGM Reported by Clinicians
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Reasons to Not Prescribe proCGM

m 1 - Patient already using personal CGM 100%
B2 - | would rather give real-time CGM 20%
m 3 - It takes too much time to organize
- 60%
£
=4 - Patient declines to do it g
o
£ a0%
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insurance/Medicare coverage
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Frequency of Reasons to Not Prescribe proCGM
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16%

Figure 3A: Reasons for prescribing proCGM reported by clinicians.
Figure 3B: Barriers to prescribing proCGM reported by clinicians.
Reasons are reported in % of providers endorsing each single choice.

CGM: continuous glucose monitoring

Discussion

In a large cohort of older adults with T2D on insulin seen
in a tertiary diabetes-only clinic, the use of proCGM
showed a high percentage of time spent in hypoglycemia
independent of HbAlc, and a clinically relevant
discrepancy between HbAlc and GMI. In addition,
clinicians surveyed on the use of proCGM in clinic
reported that proCGM provided useful data for pattern
management and identification of unrecognized
hypoglycemia, however, infrastructure issues, such as
clinical workflow and patient cost, were among major
barriers to prescribing it.

The finding of high percentage of hypoglycemia
detected by CGM, independent of HbAlc value is
consistent with the data in literature, where the limitation
of HbAlc value to detect hypoglycemia has been
described 19 2021, Additionally, in our cohort, glycemic
variability was a better predictor of risk of
hypoglycemia, independent of HbA1c, which is consistent
with data in the literature in older persons with T1D 9. The
incidence of episodes of hypoglycemia (episode of
glucose <70 mg/dL for =15 consecutive minutes) was
high in this cohort of the older adults with T2D on insulin.
Episodes of hypoglycemia in the older population have
been associated with poor clinical outcomes such as falls,
emergency room visits, and hospitalizations 22. These
findings highlight how proCGM is a valuable clinical tool
to identify hypoglycemia in older adults with T2D who
find using personal CGM challenging. Clinicians should
consider periodic use of proCGM to uncover
unrecognized  hypoglycemia, optimize diabetes
medications, and individualize glycemic goals to improve
outcomes.

Next, we described that the discrepancy between HbA1c
and GMI in this cohort of older adults with T2D. This
discrepancy was even more frequent than what has been
previously described in adults with T1D or T2D 7 and
older adults with T1D 9. (Figure 2)

Overall, these findings highlight the usefulness of
proCGM to assess glycemic control and identify
hypoglycemiaq, irrespective of HbAlc value. The data
provided by proCGM on glycemic pattern and
hypoglycemia can be especially relevant in older adults
who are unable or unwilling to initiate the use of personal
CGM and/or able to afford the ongoing cost of personal
CGM. Clinicians can use such information to guide
therapeutic decisions and develop a personalized
diabetes management plan with minimal burden on the
patient.

Previously, in a small study in the primary care setting,
the use of pro-CGM was associated with improvement in
diabetes management 23. The survey administered to
clinicians working in our tertiary diabetes-only clinic
confirmed the seen benefit of performing proCGM for
pattern management, recognition of hypoglycemia and
to guide therapeutic decisions. However, they reported
several reasons for not prescribing proCGM, among
which were clinical process, uncertainty of insurance
coverage, and cost. These findings highlight the
complexity of implementing the use of a novel tool into
the clinical work flow, and concerns with insurance
reimbursement to cover proCGM. Clinics should consider
developing protocols for workflows, and staff training for
the use of proCGM to help identify patients at high risk
for hypoglycemia, and for CGM pattern interpretation.
Insurers should consider expanding coverage policies to
support the use of proCGM in older populations to help
identify hypoglycemia and reduce the risk of its
consequences such as falls, ED visits and hospitalizations.

The limitations of our study include the retrospective
nature and its single-center, observational design. Our
study lacks information on the individual reason clinicians
prescribed proCGM and, as well as prospective
information on impact of proCGM data on clinical care.
Additionally, the CGM system used may not be the most
accurate in detecting hypoglycemia 24, and CGM data
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are from one-time-only wear, and may not reflect long-
term glycemic control.

Conclusion

In conclusion, the use of proCGM in older adults with T2D
on insulin identified a high percentage of time spent in
hypoglycemia, independent of HbAlc, and a
discrepancy between HbAlc and GMI. Infrastructure
issues, such as clinical workflow and insurance coverage,
and patient-related cost are a major barrier reported by
clinicians to implement the use of proCGM in clinical
practice. Clinics should establish workflows for periodic
use of proCGM, while insurers should consider expansion
of coverage to improve overall outcomes in this older frail
populations.
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