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Abstract

Basal insulin is often prescribed to patients with suboptimally controlled type

2 diabetes (T2D); however, its therapeutic efficacy is inadequate in many. During

the MOBILE study's baseline phase, we evaluated 173 participants' continuous

glucose monitoring (CGM) data (mean ± SD age 57 ± 9 years; 50% female; HbA1c

9.1% [range 7.1%-11.6%]; 40% using sulphonylureas; 19% using NPH; reported

self-monitored blood glucose [SMBG] frequency median 1.0 checks/day) who

were using basal, but not prandial insulin. Blinded CGM data were recorded for

10 days prior to randomization. The mean glucose value was 208 ± 47 mg/dL and

it was lowest in the early morning. Mean time in the 70-180 mg/dL range was

9.6 ± 6.1 hours/day (40% ± 25%). Hyperglycaemia was extensive with medians of

14.7 (61%) and 5.0 (20.9%) hours/day with glucose greater than

180 and 250 mg/dL, respectively. Hypoglycaemia was infrequent (median [IQR]

0 [0, 4.3] minutes/day [0.0% {0.0%, 0.3%}] with glucose less than 70 mg/dL).

Blinded CGM highlights the limitations of infrequent SMBG in basal insulin users

with T2D and allows characterization of hyperglycaemia and hypoglycaemia in

basal insulin users with suboptimal control. The MOBILE study randomized phase

will define the benefits of using real-time CGM compared with SMBG in this

population.
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1 | INTRODUCTION

Despite advances in pharmacotherapy, many patients with type 2 dia-

betes (T2D) are suboptimally controlled, which contributes to excess

morbidity and mortality for the patients and to increased costs for the

healthcare system.1 When facing elevated HbA1c levels, patients are

often daunted by factors such as their own or their provider's

reluctance to change (‘therapeutic inertia’), regimen complexity or

cost. There are often long2 and detrimental3 delays in initiating or

intensifying insulin as a result.

Once-daily injections of basal insulin are often initiated to

manage patients with poorly controlled fasting glucose on non-

insulin therapies, and many algorithms have been developed to

facilitate basal insulin titration by patients themselves or by
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healthcare professionals. These algorithms uniformly adjust basal

insulin based on fasting values obtained by self-monitoring of

blood glucose (SMBG).4 The strategy of bedtime dosing confers a

comparatively low risk of hypoglycaemia5 and is moderately effec-

tive at reducing HbA1c levels, with approximately half of partici-

pants in clinical studies achieving HbA1c levels of less than 7% or

other individualized targets.6 Unfortunately, basal insulin regimens

that rely on infrequent SMBG testing and emphasize the control of

fasting glucose and avoiding night-time hypoglycaemia ignore the

problems of daytime premeal and sustained postprandial hyper-

glycaemia, placing a ceiling effect on obtainable HbA1c reductions.

Of greater concern, real-world evidence shows that only �30% of

patients with T2D who use basal insulin maintain HbA1c levels of

less than 7%.6–9 There are many potential explanations for the dis-

crepancy between evidence gained from clinical trials versus clini-

cal practice. These include poor adherence to insulin, inadequate

initialization and titration of insulin,10–12 and concerns about

hypoglycaemia.13

Real-time continuous glucose monitoring (rtCGM) has been

shown to have both short- and long-term beneficial effects on HbA1c

for patients with T2D who are not using intensive insulin therapy. A

randomized study of 100 adults not using prandial insulin (half were

on oral agents alone; one-third were using basal insulin) reported on

the benefits of rtCGM compared with SMBG.14 After 12 weeks (four

3-week cycles, each comprising 2 weeks of CGM use and 1 week

without CGM), the fall in HbA1c was significantly larger for the

rtCGM group (−1.0% ± 1.1%) than for the SMBG group (−0.5% ±

0.8%; P = .006). Remarkably, the benefits were sustained 9 months

later.15 More recently, the potential feasibility of a new approach to

basal insulin initiation that relies in part on CGM data has been

described.16 However, neither study reported the CGM profiles of

study participants.

There remains a need to characterize glycaemic patterns in sub-

optimally controlled basal insulin users. The MOBILE study is a ran-

domized clinical study in patients with T2D using basal insulin with or

without non-insulin therapies who have HbA1c values of 7.8%-11.5%.

Prior to randomization, all participants used a blinded CGM for

10 days to record their CGM readings, but did not have access to their

data. In the randomization step, participants were assigned in a 2:1

ratio to use either CGM or SMBG, respectively, as a basis for manage-

ment decisions. Results of the randomized phase will be reported sep-

arately and may support a hypothesis for meaningfully different

glycaemic outcomes between the two groups. Here, we report on par-

ticipants' prerandomization (baseline) demographics, medication regi-

mens and glycaemic profiles.

2 | METHODS

The MOBILE study was conducted at 22 endocrinology practices in

the United States. The protocol and HIPAA (Health Insurance Porta-

bility and Accountability Act)-compliant informed consent forms were

approved by institutional review boards (central commercial board for

21 sites and local boards for one site). Written informed consent was

obtained from each participant. The study was registered at

ClinicalTrials.gov (NCT03566693). Patients aged 30 years or older

with T2D using basal insulin and with HbA1c levels of between 7.8%

and 11.5% (either by a point-of-care or local laboratory test) were

included, without regard to use of oral medications for diabetes or use

of glucagon-like peptide-1 receptor agonists (GLP-1 RAs). Eligible

patients were under the care of a primary care physician for diabetes

management, reported SMBG frequencies at least three times per

week, and had medication regimens that had been stable for at least

3 months. Exclusion criteria included pregnancy, advanced renal dis-

ease, conditions impacting the stability of HbA1c measurements, use

of prandial insulin and use of a personal CGM device in the 3 months

prior to enrolment.

Each participant wore a G6 CGM sensor paired to a receiver

(Dexcom, Inc., San Diego, CA, USA) on the abdomen for 10 days. The

receivers stored glucose values at 5-minute intervals, but did not dis-

play them. After download, CGM metrics were calculated using all

CGM readings collected prior to randomization. Summary statistics

include means with standard deviations for normally distributed data

and medians with interquartile ranges for skewed data. Outcomes

were reported for the entire cohort and were dichotomized by type of

insulin (NPH or analogue) and GLP1-RA usage (yes or no). A hyp-

oglycaemic event was defined as at least 15 continuous minutes with

CGM readings of less than 70 mg/dL. The end of an event was

defined as at least 15 continuous minutes with CGM readings of

80 mg/dL or higher (to minimize counting events when CGM readings

were hovering around the threshold). Similarly, a hyperglycaemic

event was defined as at least 15 continuous minutes with CGM read-

ings of less than 250 mg/dL and the end of the event was defined as

at least 15 continuous minutes with CGM readings of 240 mg/dL or

less. P-values comparing CGM metrics by insulin usage and GLP1-RA

usage were calculated using t-tests for normally distributed outcomes

and Mann–Whitney U-tests for skewed outcomes. The glycaemic pro-

file of cohorts was also characterized by plotting median (IQR) glucose

values by time of day; resulting modal day plots were generated for all

participants, for participants grouped by NPH versus analogue insulin

usage, for participants grouped by GLP1-RA usage versus non-usage,

and for participants grouped by sulphonylurea usage versus non-

usage. HbA1c levels shown in the demographics table (Table S1) were

obtained from a central lab. One randomized participant was excluded

from all analyses after a misdiagnosis of T2D was discovered, and two

randomized participants were excluded because baseline CGM data

were not available.

3 | RESULTS

Data from 173 participants who enrolled from August 2018 to

October 2019 were available for analysis. The population was 50%

female and 53% were non-Caucasian. The mean ± SD age of the par-

ticipants was 57 ± 9 (range 33-79) years, HbA1c was 9.1% ± 0.9%

(7.1%-11.6%) and body mass index was 33.9 ± 6.6 (21.1-54.8) kg/m2.
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Ninety-six subjects (55%) reported having less than a college degree

and only 72 subjects (42%) carried primarily private health insurance.

Basal insulin types included NPH (used by 19% of participants),

glargine (64%), detemir (9%) and degludec (9%). Of the 110 glargine

users, 89% used U-100 and 11% used U-300 formulations. Mean

basal insulin usage was 0.47 ± 0.28 (0.09-1.78) U/kg/day, which was

equivalent to 45 ± 28 (7-210) U/day. Thirty-seven subjects (21%)

used a GLP1-RA and 70 subjects (40%) used a sulphonylurea. NPH

insulin use was more common among sulphonylurea users compared

with non-users (33% vs. 10%, respectively), and less common among

GLP1-RA users compared with non-users (3% vs. 24%, respectively).

The median frequency of SMBG testing was 1.0 (IQR 1-2) checks/

day. Full demographic details are provided in Table S1. Educational

attainment and insurance coverage for participants according to insu-

lin type usage, GLP1-RA usage and sulphonylurea usage are provided

in Table S2.

Table 1 and Figure 1 summarize CGM-based metrics of glycaemic

control during the blinded CGM use. The median (IQR) number of

hours of data available was 235 (222, 238). Average glucose levels

were high (208 ± 47 mg/dL), consistent with the elevated HbA1c

levels used as an entry criterion, and only 9.6 ± 6.1 hours/day (40% ±

25%) were spent in the 70-180 mg/dL target range. Hyperglycaemia

was extensive, with medians of 14.7 (61%) and 5.0 (20.9%) hours/day

spent with glucose levels greater than 180 and 250 mg/dL, respec-

tively. Hyperglycaemic episodes were long-lived, with the median

duration in excess of 3 hours; 49% of the population had at least one

F IGURE 1 Glucose levels by time of day (main document). Dots represent median values; upper and lower bounds of the shaded areas are
the 75th and 25th percentiles, respectively. A, all participants; B, groups according to type of basal insulin; C, groups according to GLP1-RA
usage; D, groups according to sulphonylurea usage

634 PETERS ET AL.



episode lasting 8 hours or longer. Very few of the blinded CGM values

reflected hypoglycaemia and hypoglycaemic events were infrequent.

Glucose variability (coefficient of variation [CV%]) was low, indicating

comparatively stable17 glucose trajectories.

As shown in Table 1, NPH users had more time with glucose

levels greater than 250 mg/dL compared with analogue insulin users

(median 9.2 vs. 4.1 hours/day [38.4% vs. 17.2%], respectively;

P < .001), had a greater hypoglycaemic event rate per week (median

0.4 vs. 0, respectively; P = .008), and had higher glycaemic variability

assessed by CV% (mean 31% vs. 27%, respectively; P = .02). Table 1

also shows that GLP1-RA users had lower median times spent in

hyperglycaemia than participants not using GLP1-RAs (median 10.9

vs. 15.2 hours/day [45% vs. 63%] for time >180 mg/dL and 2.7

vs. 5.7 hours/day [11.3% vs. 23.8%] for time >250 mg/dL, respec-

tively). Forty per cent of sulphonylurea users experienced a hyp-

oglycaemic event, compared with 26% of participants not using

sulphonylureas (P = .06; data not shown).

Figure 1 shows modal day plots for glucose levels for the entire

population, for groups based on type of basal insulin, for groups based

on GLP1-RA usage, and for groups based on sulphonylurea usage.

Glucose levels were slightly lower at night than during the day. There

was a trend towards decreasing glucose levels in the early morning

hours, with increasing levels during the day. The lowest hourly median

was 167 mg/dL at 07:00 AM and the highest was 225 mg/dL at

10:00 PM. At no point in the modal day did glucose values of less than

130 mg/dL make up more than 25% of the total (Figure 1A). Plots of

glucose levels with particular types of basal insulin (Figure 1B) show

that NPH users experienced more hyperglycaemia during the after-

noon and evening hours than analogue insulin users. Lower median

glucose levels were associated with GLP1-RA usage compared with

GLP1-RA non-usage (Figure 1C).

4 | DISCUSSION

This is a report of blinded CGM profiles in suboptimally controlled

patients with T2D using basal insulin. The participants were diverse

with respect to their diabetes medication regimens, ethnic back-

grounds, education levels and insurance types. Practice settings

ranged from clinics for privately insured individuals to community

health centres in medically underserved areas.

The data reported here have several limitations. A principal limita-

tion is that they were gathered prior to randomization, and several con-

founders therefore limit our ability to comment on the relative efficacy

of different therapeutic regimens. Although therapy intensification was

clearly indicated for all participants, we did not investigate the reasons

why primary care providers or the participants themselves failed to opti-

mize basal insulin or intensify therapy. We do not know if participants

were taught to self-titrate their basal insulin but failed to do so. The

extent to which access to healthcare infrastructure, insurance coverage

or economic factors contributed to regimens or outcomes is also

unknown. We did not address potential differences between users of

different analogue insulins (detemir, degludec, glargine) because so few

participants were in the former two groups. We did not attempt to ana-

lyse differences between groups based on the use or non-use of other

non-insulin drugs such as metformin, dipeptidyl peptidase-4 inhibitors,

sodium-glucose co-transporter-2 inhibitors, thiazolidinediones or the

numerous possible multidrug combinations.

The data were most remarkable for the prevalence and extent of

hyperglycaemia, which highlights the need for more aggressive manage-

ment by the treating clinicians and the participants themselves. Regard-

less of whether participants used NPH or analogue insulin, time in the

70-180 mg/dL range was well below the 70% consensus goal18 but

exposure to hypoglycaemia was low in both groups, discounting it as a

major barrier to therapy intensification. The frequently cited fear of

hypoglycaemia among physicians who are reluctant to use insulin in this

context19 seems unwarranted. In addition, the data show that NPH

users experienced more hypoglycaemia and higher glycaemic variability

than analogue insulin users; these differences may be attributable to

socioeconomic status, medication regimens or access to healthcare.

The low frequency of SMBG testing (�1 per day) underestimates

the extent of hyperglycaemia in this population, especially if testing is

performed before breakfast when glucose levels were seen to be at

their lowest. A more complete picture of glycaemic patterns, especially

of the timing and extent of hyperglycaemic excursions and the presence

or absence of hypoglycaemia, is required to optimally titrate basal insu-

lin, to provide personalized recommendations for lifestyle, and to fur-

ther intensify therapy. As shown in this analysis, CGM can better

characterize dysglycaemia than a single HbA1c or fasting glucose mea-

surement. Results from the randomized phases of the MOBILE study

will delineate whether decisions made by patients and their primary

care physicians that are informed by RT-CGM data ultimately result in

better glycaemic control than those informed by SMBG alone.
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