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Abstract

Objective: Clinical trial data demonstrates improved glycemic control with hybrid close loop 

(HCL) insulin delivery systems, yet limited real-world data exists. Data from the inaugural cohort 

of patients initiating a HCL system (Medtronic MiniMed™ 670G, Medtronic Canada, Brampton, 

ON) at a university medical center was used to examine real-world utilization and glycemic 

control following a standardized implementation process.

Methods: Data from 34 adult patients with type 1 diabetes were obtained from pump downloads 

at 4 time points: (1) previous insulin pump, (2) HCL in manual-mode, (3) 2 weeks after HCL auto-

mode transition, and (4) 6 to 12 weeks after initiation of HCL. In-person training by certified 

diabetes educators was performed across 3 sessions with phone and electronic messaging 

following auto-mode start.

Results: Mean self-monitored blood glucose (SMBG) per day increased from 5.15 baseline to 

6.49 at 6 to 12 weeks (P<.05) with 3.26 sensor calibrations per day. Time-in-auto-mode was 

79.3% at 2 weeks and 72.3% at final follow-up, with 82% of patients spending >50% of time in 

auto-mode. There were 8.2 auto-mode exits over the final 14-day download. Time-in-target was 

67.3% in manual-mode, 73.4% at 2 weeks (P = .09), and 71.7% by 6 to 12 weeks (P = .06). 

Hemoglobin A1c (HbA1c) decreased by 0.51% (P = .02), while total daily dose and % basal did 

not change. Patients with HbA1c <7.0% (53 mmol/mol) at baseline spent more time-in-target than 

those with HbA1c ≥7.0% (53 mmol/mol; 78.0% versus 67.5%) despite spending less time-in-auto-

mode (66.5% versus 74.8%).

Conclusion: These data illustrate real-world implementation of HCL technology using a 

structured education program within a major medical center. Overall benefit may vary based on 

baseline characteristics such as HbA1c.

Address correspondence to Eileen R. Faulds, The Ohio State University, Division of Endocrinology, Diabetes, & Metabolism, 5th 
Floor McCampbell Hall, 1581 Dodd Drive, Columbus, OH 43210-1296. eileen.faulds@osumc.edu. 

DISCLOSURE
E.F is the founder of A1Control, LLC. J.Z. has no multiplicity of interest to disclose.

HHS Public Access
Author manuscript
Endocr Pract. Author manuscript; available in PMC 2019 November 06.

Published in final edited form as:
Endocr Pract. 2019 May ; 25(5): 477–484. doi:10.4158/EP-2018-0515.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

For the 1.8 million individuals in the United States living with type 1 diabetes, the 

importance of maintaining near normal glycemic control, measured by hemoglobin A1c 

(HbA1c), to prevent microvascular and macrovascular complications is well established (1). 

Despite this, less than 30% of individuals with type 1 diabetes currently meet HbA1c targets 

(2,3).

The multiple self-management behaviors necessary to achieve good glycemic control require 

significant time and insight. Insulin pump therapy may provide benefits in terms of glycemic 

control and added lifestyle flexibility (4–8). However, most individuals who use insulin 

pumps are still not meeting their HbA1c target (2) and reduction in hypoglycemia is 

dependent upon the baseline risk of the patient population (9). By comparison, continuous 

glucose monitoring holds more promise with respect to hypoglycemia prevention (10–13), 

though sensor-augmented insulin pumps have demonstrated inconsistent effects on 

hypoglycemia (7,11).

Automated insulin delivery has the potential to improve glycemic control while reducing the 

patient burden of self-management (14). The earliest systems demonstrated reduced 

frequency of hypoglycemia via automated suspension of insulin delivery in response to 

actual or predicted low sensor glucose (15,16). In 2016, the Food and Drug Administration 

and other regulatory agencies approved the first hybrid closed loop (HCL) insulin delivery 

system (Medtronic MiniMedTM 670G, Medtronic Canada, Brampton, ON) and in 2017, the 

device became commercially available in the United States. The device automatically 

modifies basal rates based on continuous glucose monitoring data. In the pivotal trial 

utilizing a nonrandomized before and after study design, in-home use of the system was 

associated with significantly reduced overall hypoglycemia and specifically nocturnal 

hypoglycemia (17,18). Even with the reduction in hypoglycemia, HbA1c was significantly 

reduced for both adolescents and adults from a range of 7.7 (61 mmol/mol) to 0.8% to a 

range of 7.1 (54 mmol/mol) to 0.6% (P<.001), and from a range of 7.3 (56 mmol/mol) to 

0.9% to a range of 6.8 (51 mmol/mol) to 0.6% (P<.001), respectively. Both adolescent and 

adult participants had less glucose variability with increased time in target (70 to 180 

mg/dL) on auto-basal mode compared to manual-mode (18).

However, HCL insulin delivery does not eliminate the need to perform self-care behaviors 

such as self-monitored blood glucose (SMBG), meal boluses, and infusion site changes (19). 

In addition, the user experience may be affected by additional system alerts and technical 

difficulties. Participants in the pivotal HCL clinical trial generally had good glycemic control 

at baseline (18) and were likely to be highly motivated, leaving questions about effectiveness 

in general clinical practice. In addition, it is not known whether insulin pump utilization and 

management behaviors such as glucose monitoring, calibrations, and meal boluses can 

predict changes in glucose control with HCL. However, a failure to perform these tasks in a 

timely manner can result in hyperglycemia and removal from the pump’s auto-basal system. 

In the in-home trial, adolescents and adults remained in auto-basal mode 75.8% and 88.0% 

of the time, respectively (18).
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Real-world data on how patients in the general clinical population use HCL insulin delivery 

systems is essential for future patient selection and education. By understanding how 

patients use this technology and how their interactions with the device correlate with 

measures of glycemic control, we can better assist clinicians and patients with this 

technology. The objective of this study is to examine real-world utilization and glycemic 

control following a standardized HCL implementation process at a major academic medical 

center.

METHODS

This was a retrospective, observational study examining HCL insulin pump use and 

adherence features among an inaugural cohort of users at a single institution. The study was 

approved by the Ohio State University institutional review board. All patients who initiated 

HCL therapy in the Division of Endocrinology, Diabetes, and Metabolism before December 

1, 2017 were included in the analysis.

Training Program

Prior to initiating the 670G system, patients were offered attendance at a free monthly 

information session that broadly described the range of available insulin pump and glucose 

monitoring technologies, and described expectations and procedures for training. Patients 

also had the option to meet with manufacturer representatives in a separate room if desired. 

Certified diabetes educators (CDE) conducted all training, initially with the assistance of the 

manufacturer. Existing insulin pump users began the 670G insulin pump and the Guardian 3 

sensor (Medtronic Canada) in a single session (1 to 1.5 hours) where possible. The previous 

settings were transferred to the patient’s new pump at that time. Patients who did not have a 

sensor at the time of pump initiation returned for a separate session. Patients began in 

manual-mode and returned after 1 to 2 weeks for initiation of HCL auto-mode (1-hour 

session). Patients were instructed to upload their data weekly to CareLinkR (Medtronic 

Canada) for the following 4 weeks. General principles and adjustments in therapy were 

similar to that previously reported (20). The CDE in concert with the treating physician or 

nurse practitioner made further adjustments via phone or electronic messaging 

(approximately 30 minutes per download). Patients followed up with a combined physician 

and educator visit 1 to 2 months later (duration of 1 to 1.5 hours).

Data were obtained at 4 time-points: (1) previous insulin pump, (2) HCL start in manual-

mode, (3) 2 weeks after HCL auto-mode transition, and (4) 6 to 12 weeks after initiation of 

HCL. User data were obtained directly from insulin pump downloads via the Medtronic 

CareLink software. Adherence, utilization, and continuous glucose monitoring data were 

retrieved from aggregated measures on 14-day downloads. Target blood glucose was defined 

as 70 to 180 mg/dL and reported as percentage of time in target range. Hypoglycemia was 

defined as the percentage of total time with blood glucose <70 mg/dL. HbA1c was assessed 

at baseline (within 3 months of HCL initiation) and 2 to 4 months post-HCL. Baseline daily 

carbohydrate intake was calculated using the patient’s previous insulin pump download only 

for patients with 90% bolus calculator use. Patients who did not consistently use the bolus 
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calculator, and who rather relied on manual boluses did not consistently enter their 

carbohydrates into the pump and therefore this measure was inaccurate in these patients.

Changes in continuous variables from baseline to follow-up were analyzed using paired 

Student’s t tests. Differences between groups were determined using the Student’s t test 

(unpaired samples) or Fisher exact test, as appropriate. Univariate associations between 

variables were measured using Spearman’s rank-order correlation due to the nonparametric 

nature of variables.

RESULTS

A total of 46 patients received the HCL system between June 1 and December 31, 2017. Of 

these, 7 patients did not have sensors allowing them to initiate the HCL system within the 

study time-frame, 3 did not have a 6- to 12-week download, 1 did not have a pre-HCL 

download, and 1 never transitioned into HCL auto-mode for unknown reasons. Of the 

remaining 34 patients, all had type 1 diabetes, 50% were female, the mean age was 46 years 

(range 22 to 69 years) and the mean duration of diabetes was 27 years (range 22 to 48 

years). Two patients self-started HCL without education or supervision of endocrinology 

staff.

Patient support and education was assessed by quantifying CDE education visits, physician 

appointments, electronic patient messages, phone calls, and the number of Carelink 

downloads. A summary of patient support and education is provided in Table 1. Our analysis 

of support is incomplete because patients received additional support from Medtronic 

company educators and the company helpline, which could not be quantified in our analysis.

Pre-HCL and post-HCL data are detailed in Table 2. Mean SMBG per day increased from 

5.15 at baseline to 6.18 at follow-up (P<.05) with 3.26 sensor calibrations per day. Time in 

HCL auto-mode decreased significantly falling from 79.3% at 2 weeks, to 72.3% by 6 to 12 

weeks (P = .04) with 82% of patients spending >50% of the time in HCL auto-mode. Time 

in target was 67.3% in manual-mode, 73.4% at 2 weeks (P = .09), and 71.1% by 6 to 12 

weeks (P = .08). HbA1c decreased by 0.51% (P = .001), while the total daily insulin dose in 

units/kg/day, and % basal insulin did not change over the study period. There was not a 

significant reduction in time in hypoglycemia in manual-mode (3.47%) versus at 6 to 12 

weeks (3.29%) (P = .06). Carbohydrates tended to increase from 156.1 to 188.4 g/day (P = .

07), while the total number of boluses tended to decrease (P = .06). Mean patient weight in 

the overall sample increased from 89.6 kg at baseline to 91.7 kg at 6 to 12 weeks, but this 

was not significant.

Patients with HbA1c <7.0% (<53 mmol/mol; n = 10) spent 66.5% of the time in HCL auto-

mode compared to 74.8% for patients with HbA1c ≥7.0% (≥53mmol/mol; n = 23) (P = .14). 

Patients with a baseline HbA1c <7.0% (<53 mmol/mol) spent more time in target (78.0%) 

compared to patients whose HbA1c was ≥7.0% (≥53mmol/mol) at baseline (68.3%; P = .

01). Those with HbA1c <7.0% (<53 mmol/mol) spent less time in hyperglycemia (17.1%) 

versus those with baseline HbA1c ≥7.0% (≥53mmol/mol) (29.0%; P = .002). Patients with 

HbA1c ≥7.0% (≥53mmol/mol) at baseline experienced a 0.8% decrease in HbA1c, whereas 
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patients with a baseline HbA1c of <7.0% (<53 mmol/mol) were unchanged (0.1% increase 

over the study period) (P = .0001). Patients with baseline HbA1c ≥7.0% (≥53mmol/mol) had 

a significant increase in reported daily carbohydrates (145 ± 78 g at baseline, 192 ± 93 g at 

follow-up; P = .003), while those with HbA1c <7.0% (<53 mmol/mol) did not (177 ± 75 g at 

baseline, 179 ± 41 g at follow-up; P = .75). Patients with baseline HbA1c ≥7.0% (≥53mmol/

mol) experienced an increase in weight (93.3 kg to 95.7 kg) 3 to 4 months after initiation of 

HCL therapy, whereas patients with baseline HbA1c <7.0% (<53 mmol/mol) experienced 

weight loss (81.1 kg to 78.4 kg). While the change in weight among respective subgroups 

was not significant, the difference in change in weight between the 2 groups was significant 

(P<.001). Neither baseline HbA1c subgroup experienced a significant change in time in 

hypoglycemia following the transition from manual-mode to auto-mode (HbA1c <7.0% 

[<53 mmol/mol], +0.5% change, P = .74; HbA1c >7.0 [>53 mmol/mol], –0.09%, P = .87). 

In addition, 100% of participants with baseline HbA1c <7.0% (<53 mmol/mol) versus 79% 

of participants with baseline HbA1c ≥7.0% (≥53 mmol/mol) experienced any hypoglycemia 

at the 6- to 12-week download. There were no significant differences in time in 

hypoglycemia, HCL auto-mode exits, SMBG/day, or bolus/day between the 2 groups.

The mean number of HCL auto-mode exits was 6.8 at 2 weeks, compared to 8.2 HCL auto-

mode exits at 6 to 12 weeks (range 1 to 19; P = .036). The number of HCL auto-mode exits 

at the 2-week download was associated with a decrease in time in HCL auto-mode at 6 to 12 

weeks (P = .015). The most common reasons for exit on the final 14-day HCL download 

was “BG required” (9.89%), “unidentified” (9.51%), “disabled by user” (9.13%), “max 

delivery” (8.75%), and “high SG” (7.98%) (Fig. 1).

Educational and support factors (i.e., frequency of physician visits, CDE visits, MyChart 

messages, phone calls, or CareLink downloads) were not significantly correlated with a 

change in HbA1c, time-in-target, or time-in-HCL-auto-mode. The 2 patients who self-

started HCL had a HbA1c level below the participant mean (6.9% [52 mmol/mol] and 6.2% 

[44 mmol/mol]). The participants spent 79% and 14% of the time in auto-mode but a similar 

amount of time in target (66% and 68%, respectively).

Univariate associations with change in HbA1c, time in auto-mode, time-in-target, and time 

in hypoglycemia are presented in Table 3. CGM use immediately prior to HCL initiation 

was associated with a greater percentage of time spent in auto-mode (P = .011). The amount 

of time spent in auto-mode was not significantly associated with previous insulin pump use 

and adherence variables (i.e., SMBG/day, bolus/day, bolus calculator use, % basal), change 

in HbA1c, time-in-target, or time in hypoglycemia. A higher baseline HbA1c was associated 

with a greater decline in HbA1c (P<.0001), but less time in target (blood glucose of 70 to 

180 mg/dL; P = .002). Older age, greater percentage of bolus calculator use at baseline, and 

higher baseline HbA1c were all associated with less percentage of time spent in 

hypoglycemia (P = .043, .032, and .018, respectively).

DISCUSSION

In this study, HCL therapy was associated with a reduction in HbA1c and a trend of an 

increase in time in target range, but no change in total daily insulin dose or percentage of 
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basal insulin. Patients initiating HCL who had an elevated HbA1c at baseline had a larger 

reduction in HbA1c and spent more time in auto-mode than those with baseline HbA1c 

<7.0% (<53 mmol/mol), but a similar length of time in hypoglycemia. Unlike previous 

clinical trials, our real-world analysis did not show a reduction in time spent in 

hypoglycemia, though there was a trend in the overall analysis (15,16,18). This is of 

particular significance for participants who were achieving HbA1c targets at baseline as this 

appears to be the factor incentivizing therapy selection. These data suggest a benefit in terms 

of glycemic control in a real-world patient population, provided that appropriate education 

and support is available.

Not surprisingly, patients with a HbA1c <7.0% (<53 mmol/mol) at baseline spent more time 

in target throughout the study compared to participants with baseline HbA1c ≥7.0% (≥53 

mmol/mol), but spent significantly less time in auto-mode. These participants did not 

experience a reduction in HbA1c or time spent in hyperglycemia or hypoglycemia with HCL 

therapy. However, it should be noted that the study is limited by sample size especially in the 

subset of patients with a baseline HbA1c <7.0% (<53 mmol/mol) and it is unknown if these 

findings would be replicated in a larger pool of participants. The significant increase in 

carbohydrates that participants recorded on HCL versus baseline is of interest given clinical 

reports of patients entering “fake carbs” into the HCL system to facilitate a correction bolus 

(20). However, the mean carbohydrate consumption among participants in this study was 

179.2 g/day and therefore the increase could also be attributed to improved adherence with 

carbohydrate counting or fewer missed carbohydrate boluses. This is supported by the 

observation that only patients with a baseline HbA1c ≥7.0% (≥53 mmol/mol) had a 

significant increase in reported carbohydrates.

By comparison, in the pivotal clinical study, subjects spent a larger percentage of time in 

auto-mode (87.2% versus 72% in the present study) (17). However, a similar reduction in 

HbA1c was observed (0.6% versus 0.5% in the present analysis). The change in % time in 

target was nearly identical. These data suggest similar benefits in terms of glycemic control 

in a real-world patient population compared to that observed in the pivotal clinical trial.

Higher baseline HbA1c was the only predictor of initial HbA1c reduction and time in target 

range among patients beginning HCL. This supports a role for broad adoption of the HCL 

technology. On the other hand, older age, higher baseline HbA1c, and more frequent bolus 

calculator use at baseline were predictors of less time spent in hypoglycemia. The latter 

suggests that experience and behaviors may at least in part play a role for hypoglycemia 

avoidance. Further complicating matters is the observation that time spent in auto-mode was 

not associated with time in target. In fact, sensor use at baseline was the only baseline 

predictor of time spent in auto-mode, suggesting that previous familiarity or success with the 

technology may predict greater use of (or tolerance to) HCL. In focus groups of a subset of 

patients enrolled in the pivotal trial, patients with low a priori knowledge of the device 

capability reported unexpected increase in treatment burden that did not meet their 

expectations for an artificial pancreas (19). The potential criticism of the pivotal trial is that 

an increase in SMBG mandated for successful operation of HCL could have been the 

mediator of improvement in glycemic control. However, despite an increase in SMBG 

following HCL initiation in this analysis, SMBG frequency was not associated with multiple 
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measures of glycemic control. Thus, while the study cannot confirm that HCL itself results 

in improved time in target range or whether other factors may play a role, the data support a 

role for HCL for improving glucose control among patients with varying behaviors at 

baseline.

Use of HCL auto-mode decreased significantly over time. It is possible this decline in use 

was a function of increased treatment burden as described in previous studies (19). Patients 

in our study had a significant increase in the number of SMBG checks per day and 

experienced a high number of HCL auto-mode exits forcing them out of the HCL system. A 

full summary report of all alarms is not readily available with routine CareLink downloads. 

Since most exits are preceded by multiple alarms, quantifying alarms would be an important 

treatment burden measurement. The conjecture that treatment burden played a role in time in 

HCL auto-mode is supported by our findings showing a significant correlation between 

number of HCL auto-mode exits on the 2-week download and time spent in HCL auto-mode 

at 6 to 12 weeks. Additional studies aimed at examining treatment burden and its effects on 

quality of life and therapy utilization are needed. This information, along with the time 

required for education and support, should be considered when initiating HCL therapy.

Additional randomized studies are needed. A recent meta-analysis of single hormone and 

dual hormone closed loop systems support the potential benefits from closedloop therapy but 

noted that clinical trials thus far were limited by inconsistent study designs and glucose 

metrics as well as small sample size and treatment duration (14,21).

There are several limitations of the study worth noting. First, the sample size is small and 

study participants may not be representative of the general population in several respects 

including their relatively good glycemic control at baseline and the fact that all participants 

were using insulin pump therapy prior to starting HCL. In addition, the follow-up period was 

short, and additional time would be needed to establish long-term adherence, particularly 

since we observed a reduction in HCL use over this short time span. As a retrospective 

analysis, we were unable to assess quality of life. However, examples of treatment burden 

were analyzed, including the frequency of auto-mode exits and SMBG checks. The findings 

warrant further inquiry with larger randomized studies among a more diverse population 

with greater variability in baseline glycemic control and among device naïve participants. 

Nevertheless, we present a detailed description of the implementation of HCL and analysis 

of baseline and on treatment predictors of outcomes in a real-world setting. Interestingly, 

despite experiencing a significant reduction in HbA1c, our findings did not show a 

significant improvement in time-in-target. It is important to note that most patients were not 

regular CGM users. Therefore, baseline time-in-target was captured while patients were in 

manual-mode, after the first education visit. While this was the approach used in the pivotal 

clinical trial (17), it limits our ability to attribute the reduction in HbA1c exclusively to the 

HCL system versus the initiation of CGM therapy. Previous studies have shown a significant 

reduction in HbA1c with initiation of CGM alone (22).
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CONCLUSION

In conclusion, the findings in this study support the use of HCL in patients with a range of 

self-management behaviors. Patients not yet meeting their glycemic targets may experience 

the greatest clinical benefit from Medtronic’s 670G HCL system. The HCL system shows 

promise in improved glycemic control for patients while the data in this study suggest 

benefit may vary based on patient baseline characteristics such as HbA1c level.
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Fig. 1. 
Mean frequency of reasons for HCL auto-mode exit per 14 day download. BG = blood 

glucose; SG = sensor glucose.
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Table 1

Support Frequency Provided Over Initial 12 Weeks of Therapy

Support Frequency

CDE visits 2.59 ± 0.50

Physician appointments 1.03 ± 0.46

Electronic patient messages 4.44 ± 2.57

Phone calls 1.38 ± 1.23

Downloads 3.85 ± 1.76

Abbreviation: CDE = certified diabetes educator.

Data are reported as mean ± standard deviation.
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