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A B S T R A C T   

There have been tremendous advances in diabetes technology in the last decade. Continuous glucose monitors 
(CGM), insulin pumps, and automated insulin delivery (AID) systems aim to improve glycemic control while 
simultaneously decreasing the burden of diabetes management. Although diabetes technologies have been shown 
to decrease both hypoglycemia and hyperglycemia and to improve health-related quality of life in individuals 
with type 1 diabetes, the impact of these devices in individuals with cystic fibrosis-related diabetes (CFRD) is less 
clear. There are unique aspects of CFRD, including the different underlying pathophysiology and unique lived 
health care experience and comorbidities, that likely affect the use, efficacy, and uptake of diabetes technology in 
this population. Small studies suggest that CGM is accurate and may be helpful in guiding insulin therapy for 
individuals with CFRD. Insulin pump use has been linked to improvements in lean body mass and hemoglobin 
A1c among adults with CFRD. A recent pilot study highlighted the promise of AID systems in this population. 
This article provides an overview of practical aspects of diabetes technology use and device limitations that 
clinicians must be aware of in caring for individuals with CF and CFRD. Cost and limited insurance coverage 
remain significant barriers to wider implementation of diabetes technology use among patients with CFRD. 
Future studies exploring strategies to improve patient and CF provider education about these devices and studies 
showing the effectiveness of these technologies on health and patient-reported outcomes may lead to improved 
insurance coverage and increased rates of uptake and sustained use of these technologies in the CFRD 
community.   

Introduction: 

Cystic fibrosis (CF) is the most common life-threatening autosomal 
recessive disease with an estimated worldwide prevalence of approxi-
mately 1 in every 2500 live births [1]. Cystic fibrosis-related diabetes 
(CFRD) is the most common non-pulmonary manifestation of CF, 
affecting up to 30% of adolescents and 50% of adults living with CF [2]. 
All individuals with CF have varying degrees of abnormal glucose 
tolerance characterized by impairments in first phase insulin secretion 
[3,4] and progressive islet cell damage and loss of insulin secretion over 
time [3,5]. In addition to insulin insufficiency, CFRD is also associated 
with insulin resistance related to chronic inflammation, cyclic 

infections, glucocorticoid therapy, and an association with genetic 
predictors for type 2 diabetes (T2D) [6–8]. Awareness of the charac-
teristic features of diabetes pathophysiology in CFRD and of the unique 
lived healthcare experiences of individuals with CF is crucial for opti-
mizing management. 

Individuals with CFRD should be seen quarterly by a specialized 
multidisciplinary team with expertise in diabetes and CF to support self- 
management practices and education [9]. CFRD management focuses on 
frequent blood glucose monitoring, which is recommended at least three 
times daily for those receiving treatment, and insulin which is the only 
treatment currently approved for CFRD [9–11]. Fasting glucose values 
between 80 and 130 mg/dL, 2-hour post-prandial values of < 180 mg/ 
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dL, and a hemoglobin A1c (A1c) target of ≤ 7% are recommended to 
optimize nutritional and pulmonary outcomes while also decreasing 
mortality [10]. Insulin requirements among individuals with CFRD may 
vary greatly; whereas some individuals may only require insulin during 
CF exacerbations others may need daily meal-time injections and/or 
long-acting basal insulin therapy [2]. 

Over the past decade we have witnessed tremendous advances in 
diabetes technologies, including continuous glucose monitors (CGM), 
insulin pumps, and automated insulin delivery (AID) systems. Among 
individuals with type 1 diabetes (T1D) and T2D, the use of these tech-
nologies has been associated with improvements in glycemic control, 
lower risk of long-term microvascular complications, and improved 
psychosocial well-being and treatment satisfaction [12–19]. While the 
use of these technologies has expanded rapidly among individuals with 
T1D and T2D, there are limited studies exploring the use and impact of 
these technologies among individuals with CF and CFRD. This article 
aims to review existing evidence about the use of CGM, insulin pumps, 
and AID for CFRD management and to provide guidance about practical 
aspects of their use in this unique patient population. 

CGM 

Components of CGM 

CGMs are minimally invasive devices that use a subcutaneous sensor 
to measure interstitial glucose concentrations every 5–15 min [20]. 
CGMs consist of three parts- a subcutaneous sensor that detects changes 
in interstitial glucose, a transmitter which relays the signal from the 
sensor to a receiver, and a receiver or smart device that displays the 
glucose value to the user. In addition to providing users with the current 
sensor glucose value, CGM also provides the user with trend arrows 
which convey the rate of sensor glucose rise or fall thereby allowing for 
the prediction of impending hypo- and hyperglycemia. Most CGM sys-
tems are worn on the skin for 7–14 days (Freestyle Libre, Medtronic 
Guardian, Dexcom), however one CGM (Eversense) uses a 90-day sensor 
implanted in the upper arm. Table 1 provides a summary of the unique 
features of each CGM system. While many CGM users elect to use this 
technology on a continual basis, CGM can also be worn for brief periods 
to support intensive data gathering or to provide additional glycemic 
insights during specific times (e.g., illness or steroid use). 

Many CGM systems are factory calibrated, such that users are not 
required to calibrate the device with fingerstick blood glucose values, 

and most have non-adjunctive indications allowing users to make all 
diabetes treatment decisions based on CGM values alone. Whereas some 
CGM systems send data to a receiver in real-time (Dexcom, Medtronic), 
other CGMs referred to as intermittently scanned or flash CGM systems 
require the user to scan the transmitter with the receiver in order to see 
the glucose values (Freestyle). 

Evidence for CGM use in CFRD 

Evidence for CGM use in CFRD is limited; however, small studies 
have shown strong correlations between CGM and blood glucose values 
during oral glucose tolerance testing (r = 0.74–0.9) [21]. Although not 
currently used to diagnose CFRD, CGM-detected dysglycemia among 
individuals with CF and normal glucose tolerance correlates with early 
abnormalities in insulin secretion, declines in pulmonary function 
[22,23], and weight loss [24]. In a prospective study among individuals 
with CF but without previously diagnosed CFRD, insulin therapy was 
initiated in 37 individuals in whom CGM glucose values were above 140 
mg/dL for at least 4.5% of the time over at least 3 days of wear [25]. 
Compared to 22 individuals without CFRD who did not meet CGM 
criteria for insulin initiation, the insulin-treated group had greater im-
provements in weight gain and the forced expiratory volume in 1 s at 3 
months that were not sustained at 12 months. At present, there are no 
studies investigating the impact of CGM on glycemic control, pulmonary 
function, weight, or quality of life in adults with CFRD already on insulin 
therapy. 

CGM glycemic targets 

CGM data from all systems are reported in a standardized format 
referred to the ambulatory glucose profile (AGP). The AGP captures the 
mean sensor glucose, glucose variability (standard deviation and coef-
ficient of variation), percent CGM wear time, and the percentage of time 
in range (TIR, 70–180 mg/dL), above range (TAR, > 180 mg/dl), and 
below range (TBR, < 70 mg/dL). Studies have shown that 70% TIR 
(16.8 h per day) is correlated with an A1c of 7% and International 
Consensus Guidelines therefore recommend a target of 70% TIR, < 5% 
TBR (1.2 h per day), and < 30% TAR (7.2 h) for most individuals with 
T1D and T2D [26,27]. Given the association between TIR and A1c and 
the recommend A1c goal of ≤ 7% for CFRD, the authors of this review 
recommend the use of similar CGM TIR, TBR, and TAR goals for CFRD. 
CGM systems also report the glucose management indicator (GMI), 

Table 1 
Comparison of features of the currently available CGM systems.   

Dexcom G6 FreeStyle Libre 2 Eversense Medtronic Guardian 3 

Non-adjunctive Dosing Approved Approved Approved Not approved 
Calibration Not Required, Can perform Not required, Cannot 

Perform 
Every 12 hours Every 12 hours 

Sensor Warm-Up 2 hours 1 hour ~ 26 hours Up to 2 hours 
Sensor Wear Time 10 days 14 days (sensor/transmitter 

in one device) 
90 days 7 days 

Transmitter Wear Time 90 days 1 year 1 year 
MARD 9.0% a 9.2% b 8.5% c 8.7%/ 9.1% d 

Customizable Alarms for Hypo- 
/ Hyperglycemia 

Yes Yes Yes Yes 

Data Display Dexcom Receiver or Smart Devices FreeStyle Libre or Smart 
Devices 

Dexcom Receiver or Smart 
Devices 

770G or Smart Device (Guardian 
Connect or MiniMed Mobile) 

Follow App Dexcom Share LibreLinkUp Eversense NOW Carelink Connect 
Interfering Substances- False 

Highs 
Acetaminophen (>1 gram every 6 
hrs) Hydroxyurea 

Vitamin C Mannitol (IV, local irrigation, 
peritoneal dialysis) 

Acetaminophen (any dose) 

Interfering Substances- False 
Lows 

— Aspirin Tetracycline — 

AID Integration Tandem Control IQ No No Medtronic 770G 

*MARD, Mean Absolute Relative Difference; AID, Automated insulin delivery. 
aShah VN, et al. Diabetes Technol Ther. 2018;20(6):428–433. 
bFreeStyle Libre 2 User Manual. 
cChristiansen MP, et al. Diabetes Technol Ther. 2019;21(5):231–237. 
dChristiansen MP, et al. Diabetes Technol Ther. 2017;19(8):446–456. 

B.E. Marks et al.                                                                                                                                                                                                                                



Journal of Clinical & Translational Endocrinology 27 (2022) 100282

3

which provides an estimate of the A1c when ≥ 10 days of glucose data 
are available [28,29]. In T1D and T2D a GMI based on 10–14 days of 
have been shown to provide a reliable estimate of 2–3 months of CGM 
data [29], though this has not been validated in CFRD to date. CGM can 
also support patients in attaining established glycemic targets based on 
fingerstick glucose monitoring, including fasting glucose values between 
80 and 130 mg/dL and 2-hour post-prandial values < 180 mg/dL [9]. 

The implications of CGM lag time 

Unlike fingerstick blood glucose, CGM measures interstitial glucose 
values. Glucose flows down its concentration gradient between the 
vascular space and the interstitial fluid. This creates a delay in CGM 
readings relative to blood glucose values referred to as lag time. When 
glucose concentrations are not changing rapidly, there is minimal dif-
ference between CGM and fingerstick blood glucose levels. However, 
when blood glucose levels are rising rapidly, the CGM transiently reads 
falsely low. Failure to recognize the delay in rise in sensor glucose values 
after treatment of hypoglycemia can lead to over-treatment and rebound 
hyperglycemia. Conversely, when blood glucose levels are falling 
rapidly, the CGM transiently reads falsely high. The lag time between 
sensor and blood glucose levels varies depending on many individual 
factors, including activity levels and the timing of last oral intake [30]. 
Studies using intravenous radiolabeled glucose isotopes suggest a lag 
time of 6–10 min [30]; real-world CGM data, however, has shown lag 
times of 5–40 min [31–33]. 

In addition to providing the user with a glucose value, CGM systems 
also display trend arrows that indicate the rate of change of sensor 
glucose. The ability to use CGM trend arrows to predict short term 
changes in glycemia has led to the development of several guidelines 
using trend arrows to adjust doses of rapid acting insulin. Because the 
trend arrows for each CGM system convey different rates of glycemic 
change (e.g., while a double up arrow conveys a rise of > 3 mg/dL/ 
minute for Dexcom systems, the Freestyle Libre system does not have a 
double up arrow), guidelines for trend arrow-based insulin dose ad-
justments are specific to each system. Whereas older guidelines sug-
gested adding or subtracting a specific number of units of rapid acting 
insulin to the calculated dose according to the user’s correction factor 
and current sensor glucose [34–36], newer simplified strategies have 
suggested adding or subtracting 30, 60, or 90 mg/dL to the current 
Dexcom sensor glucose value according to the trend arrow and predicted 
sensor glucose in 30 min [37]. For example, if the Dexcom sensor 
glucose is 200 mg/dL with a double up arrow (changing at a rate of > 3 
mg/dL/minute), the sensor glucose is predicted to be ≥ 90 mg/dL higher 

in 30 min and so the user should use a glucose of 290 mg/dL when 
calculating the rapid acting insulin dose. These trend-arrow based ad-
justments to insulin doses can be applied when ≥ 3 h have passed since 
the last dose of rapid acting insulin and carbohydrate containing food 
intake. Table 2 displays rates of glycemic change conveyed by CGM 
trend arrows and proposed insulin dose adjustments based on 30-minute 
sensor glucose predictions for CGM systems with non-adjunctive dosing 
indications. 

CGM alarms 

CGMs allow patients to utilize vibratory and/or audible alarms to 
facilitate the detection and treatment of actual and impending hypo- and 
hyperglycemia. Different thresholds for hypo- and hyperglycemia can be 
set by users at different times of day, and these alerts repeat at user- 
specified time intervals if the hypo- or hyperglycemia persists. Users 
can choose whether to use alerts, with the exception of urgent low alerts 
(<55 mg/dL) that cannot be silenced on some systems. While predictive 
alerts have been shown to prevent glycemic excursions among in-
dividuals with T1D and T2D [38], the decision to use alerts and the 
thresholds for both hypo- and hyperglycemia should be carefully 
considered as alarm fatigue is a common reasons for CGM discontinu-
ation [39]. There are no formal guidelines for suggested thresholds for 
hypoglycemia and hyperglycemia alerts; some have suggested that CGM 
alarms not be used during the first several weeks of device use and others 
have suggested an initial hypoglycemia threshold of 70 mg/dL and hy-
perglycemia threshold of 250 mg/dL [40]. In patients with CFRD, the 
authors of this review suggest careful consideration of the patient’s A1c, 
hypoglycemia awareness, and lifestyle factors impacting tolerance of 
frequent alarms in the decision-making process. 

CGM data sharing 

CGM systems allow the user to upload data to a system-specific 
secure server either through the cloud (for smart device receivers) or 
by uploading receiver data to a computer. The user can personally re-
view these data and can also share the data with their CFRD care team to 
facilitate data visualization and medical decision making. Many CGM 
systems allow users with smartphones to share their CGM data with 
friends and family members in real-time. While there is some evidence 
that data sharing may lead to modest improvements in glycemia and 
health-related quality of life [41,42], qualitative data suggest that clear 
boundaries must be set with the follower to avoid feelings of being 
monitored and judged which have been linked to CGM discontinuation 

Table 2 
CGM trend arrows and rates of glycemic change by system along with proposed insulin dose adjustments for systems with non-adjunctive dosing indications when ≥ 3 
h have elapsed since the last carbohydrate intake and/or dose of rapid acting insulin.  

*Medtronic Guardian does not have a non-adjunctive dosing indication; BG, blood glucose 
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[43–45]. 

CGM accuracy and interfering substances 

The Mean Absolute Relative Difference (MARD), which reflects the 
average of the absolute differences between reference blood glucose 
measurements and CGM glucose values across a wide range of glucose 
concentrations, is the most commonly accepted assessment of CGM ac-
curacy. MARD values for CGM systems currently in use are all < 10% 
[46,47] and provide accuracy that is comparable to or even better than 
home glucometers [48]. However, patients and providers must be aware 
of factors impacting CGM accuracy. Compression artifact or compres-
sion hypoglycemia occurs when direct external pressure on a CGM 
sensor leads to decrease perfusion and falsely low sensor glucose values 
[49–51]. Removing the external pressure will quickly normalize the 
sensor glucose values. Users should be mindful of where the sensor is 
worn so as to avoid false alerts for hypoglycemia, particularly when 
sleeping. 

Medications may interact with CGM sensors leading to spurious 
hypo- and hyperglycemia (Table 1). Although hypercarbia has not been 
shown to impact CGM sensor accuracy [52,53], the effects of hypoxia 
have not well studied. CGM has been used to titrate insulin delivery in 
critically ill hospitalized patients [54] and the ability to use CGM as a 
part of routine hospital care during the COVID-19 pandemic has also 
provided new insights [55,56]. Among critically patients with COVID- 
19 who required insulin therapy the MARD increased by 1.2% for the 
Dexcom system as compared to 4.1% for the Medtronic Guardian [56], 
suggesting that hypoxia does not have a significant impact on CGM 
accuracy. 

CGM and diagnostic imaging 

Individuals with CF often require diagnostic imaging but all CGM 
systems warn against exposure to magnetic resonance imaging (MRI), x- 
ray and computed tomography (CT) scan, and diathermy (high fre-
quency electromagnetic currents that are often used for physical therapy 
and surgical cautery). This recommendation is particularly problematic 
for users as CGM sensors are covered in limited supply by insurance 
companies and cannot be reinserted if removed. In one study, Dexcom 
G6 CGM sensors and transmitters were exposed to high energy x-rays 
(80 Gray), comparable to those used in radiation oncology or MRI. All 
sensors/ transmitters were able to successfully connect with the receiver 
after radiation or MRI exposure, and there was no significant change in 
CGM accuracy after radiation or MRI exposure. MRI exposure did not 
significantly increase the temperature of the sensor/ transmitter or 
generate sufficient force to dislodge the device, suggesting that sensors 
may not require removal for MRI or radiation. 

Smart pens and pen caps 

While insulin pump therapy (see Section 4) can provide dosing 
flexibility and support for calculating insulin doses, Bluetooth linked 
smart pen (InPen) and pen cap (Bigfoot Unity) technologies sync to the 
user’s smart phone and offer CGM/ glucometer integration and support 
for calculating insulin doses without a continually attached device [57]. 
Smart pen systems allow the user to enter personalized carbohydrate 
ratios and correction factors, track active insulin on board, and set re-
minders for insulin doses. These systems generate reports that combine 
glycemic data and insulin doses. Sensors in the pen can also determine 
when the insulin has been exposed to excessive heat or has been in use 
for too long, alerting the user of potential compromised potency of the 
insulin. 

Insulin pumps 

Insulin pumps provide a continuous subcutaneous insulin infusion 

that more closely mimic physiologic insulin secretion than injection- 
based therapy. Pumps infuse only rapid acting insulin, replacing basal 
insulin with basal rates that provide continuous background insulin 
delivery. Basal rates, carbohydrate ratios, correction factors, and target 
blood sugars can all be customized by time of day. These programmed 
settings allow the pump to calculate insulin doses as precise as a tenth of 
a unit. 

There are two general classes of insulin pumps- tubed systems and 
patch or tubeless pumps (Fig. 1). Tubed pumps consist of a pump which 
includes an interactive display screen used to enter data and a cartridge 
that holds insulin, tubing that connects the pump to the user, and a 
subcutaneous cannula that infuses insulin. Infusion sites are worn for up 
to 3 days at a time before being changed by the user. The tubing gives 
the user flexibility in where they were the pump on their body (e.g., 
clipping to a belt or undergarment). By contrast, tubeless pumps remove 
the hassle of tubing but have a larger on-body presence. The tubeless 
pumps combine the insulin cartridge and infusion site into a single de-
vice that is attached to the body for up to 3 days at a time. Insulin de-
livery with tubeless pumps is operated by a separate controller. 

Evidence for insulin pump use in CFRD 

While there is an abundance of evidence supporting the clinical and 
psychosocial benefits of insulin pump use in T1D [12,17], evidence in 
CFRD is limited. In a 2009 study, Hardin and colleagues reported on 9 
adults with CFRD treated with insulin pump therapy for 6 months [58]. 
Lean body mass increased by an average of 2.4 kg and overall weight 
increased by 3.6 kg. With insulin pump therapy, users were able to attain 
fasting and 2-hour post-prandial glycemic targets, and there was a trend 
noted in A1c improvement from 8.2 ± 1.9% to 7.1 ± 1.5% (p = 0.05). 

Rationale for insulin pump use in CFRD 

To optimize lung function and survival, individuals with CF are 
recommended to target a BMI ≥ 50th percentile for children or a BMI ≥
22 kg/m2 for men and ≥ 23 kg/m2 for women [59]. The guidelines 
recommend 110–200% of the energy intake recommended for healthy 
individuals of similar age, sex, and size, particularly those not being 

Fig. 1. Tubed versus tubeless (or patch) insulin pumps. Shaded areas depict 
where the pump sites can be worn. 
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treated with highly effective CFTR modulator therapy. Efforts to opti-
mize caloric intake have historically relied upon high glycemic index 
foods, carbohydrate-containing foods that are more rapidly absorbed 
thereby causing more significant postprandial glycemic excursions [60]. 

>85% of individuals with CF require pancreatic enzyme replacement 
therapy to treat pancreatic insufficiency [2,61]. Even with pancreatic 
enzyme replacement therapy, fat digestion often remains abnormal 
leading to more rapid gastric emptying and more significant post- 
prandial hyperglycemia [62]. Further complicating CFRD manage-
ment, gastroparesis has been estimated to occur in approximately one 
third of those with CF [63]. As compared to multiple daily injection 
therapy, insulin pump therapy allows for greater insulin dosing flexi-
bility and customization. Meal time insulin boluses can be delivered 
over extended periods of time by using features known as combination 
or extended boluses, wherein a portion of the insulin is delivered 
immediately, and a portion is delivered over an extended period of time. 
These combination boluses have been shown to improve glycemic con-
trol in T1D but have not specifically been studied in CFRD [64]. In pa-
tients eating frequent meals, pump therapy also allows for easier, more 
convenient insulin delivery as compared to the need for multiple 
injections. 

In addition to variations in intestinal transit, CF is also associated 
with varying degrees of insulin resistance related to chronic inflamma-
tion, cyclic infections, and glucocorticoid therapy [8]. Temporary basal 
rates allow insulin pump users to increase or decrease basal insulin 
delivery by a percentage of the baseline doses for a specified time in-
terval. Unlike adjustments to injected basal insulin doses, which typi-
cally have effects for 24 hours, temporary basal rates can be used over 
shorter periods of time. The ability to customize basal rates by time of 
day also allows for lower overnight basal insulin rates, which are 
commonly required given the physiology of CFRD. The use of these 
advanced insulin pump features may allow patients with CFRD to better 
customize insulin delivery in the setting of unpredictable gastric 
emptying, post-prandial excursions, and varying degrees of insulin 
resistance. Extended/ combination boluses and/ or higher temporary 
basal rates may be particularly useful in patients with CFRD who require 
tube feeds. 

Sensor augmented pumps and automated insulin delivery 

Sensor augmented pumps (SAP) display CGM data to facilitate 
dosing calculations, but do not automatically adjust insulin delivery. By 
contrast, low glucose suspend and predictive low glucose suspend 
(PLGS) systems can decrease or stop insulin delivery. Whereas PLGS 
systems attempt to prevent hypoglycemia by automatically suspending 
insulin delivery when the glucose is predicted to drop below 70 mg/dL, 
low glycose suspend systems can only suspend insulin delivery after 
hypoglycemia occurs. There have not been any interventional trials 
exploring the benefit of low glucose suspend or PLGS systems in CFRD. A 
case report exploring sensor augmented pump therapy showed im-
provements in glycemic control while simultaneously decreasing hy-
poglycemia and improving patient-reported quality of life [65]. 

Automated insulin delivery systems (AID), also known as hybrid 
closed loop (HCL) systems, use CGM glucose values to automatically 
increase or decrease insulin delivery to reduce glycemic excursions. AID 
systems increase basal insulin delivery or deliver automated correction 
boluses to treat or prevent hyperglycemia and can also attenuate or stop 
basal insulin delivery to prevent or treat hypoglycemia. Features of the 
currently FDA-approved AID systems (Tandem Control IQ and Med-
tronic 770G) are summarized in Table 3. Each AID system allows users 
to adjust different pump settings and alters insulin delivery using a 
different algorithm which considers different parameters of either user- 
entered (e.g., correction factor) or system-calculated values (e.g., 
average total daily insulin dose). AID algorithms have been shown to 
improve glycemic control, decrease hypoglycemia and burden of care, 
and improve quality of life and sleep in people with T1D [66–69]. 

Although these AID systems have been designed for and shown to be 
effective in T1D, they are yet to be studied in CFRD. In a pilot study 
investigating a closed-loop AID device in three patients with CFRD, 
Sherwood and colleagues showed non-significant improvements in 
mean sensor glucose along with patient reported improvements in 
treatment satisfaction and decreased treatment burden [70]. Further 
studies with this device in children and adults with CFRD are currently 
underway. 

By definition, individuals with T1D have complete or near complete 
insulin deficiency. However, the spectrum of insulin deficiency varies 
widely among individuals with CFRD. Because all AID systems in clinical 
use have been developed specifically for T1D, it is important to recog-
nize the differences in the pathophysiology between T1D and CFRD 
when considering AID algorithm function. If a person neglects to bolus 
for a meal or fails to administer insulin in a timely manner before eating, 
the CGM sensor glucose value will increase, and the AID algorithm will 
increase basal insulin delivery and/or deliver an automated correction 
bolus. This is less problematic for individuals with T1D given the com-
plete insulin deficiency, however in individuals with CFRD the body’s 
own endogenous insulin secretion paired with increased AID insulin 
delivery may lead to reactive post-prandial hypoglycemia [71]. Reactive 

Table 3 
Features used to calculate insulin delivery and features that the user can and 
cannot adjust in the currently available automated insulin delivery (AID) sys-
tems. Adapted from Messer, at al [73].   

Tandem Control IQ Medtronic 770G 

CALCULATE- How does the system calculate insulin delivery? 
Basal Automation User programmed basal rates 

are automatically increased 
or decreased 

System calculated basal 
rates based on total daily 
insulin dose from past 2-6 
days 

Bolus Automation If glucose predicted to be >
180 mg/dL, 60% of the 
calculated dose is delivered 
as an hourly automated bolus 

No 

Target Glucose 112.5-160 mg/dL 120 mg/dL 
ADJUST- What parameters can the user adjust? 
Basal Rate Yes No 
Carb Ratios Yes Yes 
Correction Factor Yes No 
Target Glucose No, fixed at 110 mg/dL No, Fixed at 120 mg/dL 
Active Insulin Time No, fixed at 5 hours Yes, from 2 to 8 hours 
Edit Recommended 

Bolus Doses 
Yes No 

Combination Boluses Yes, up to 2 hours No 
Unique Features Exercise Mode-  

target BG 140-160 mg/dL 
Sleep Mode- target BG 112.5- 
120 mg/dL, no automated 
boluses 

Temp Target- Changes 
target glucose to 150 mg/ 
dL 

REVERT- When does the system stop automated insulin delivery? 
When does the system 

revert to manual 
mode? 

Loss of CGM data > 20 
minutes 

Max insulin delivery >
4hrs 
Minimum insulin delivery 
> 2.5 hours 
Sensor glucose > 250 mg/ 
dL for 3hrs 
Sensor glucose > 300 mg/ 
dL for 1hr 

EDUCATE- What are the key educational points for this system? 
Unique 

considerations 
specific to the 
system 

Use Exercise mode for 
activity 
(target 140-160 mg/dL) 
Set sleep schedule for each 
night (target 112.5-120 mg/ 
dL, no auto-corrections) 

Use temp target for 
activity 
(150 mg/dL) 

SENSOR/ SHARE- What are unique characteristics of the CGM used in the system? 
Calibration needed No Yes, at least every 12 

hours 
Sensor wear time 10 days 7 days 
Data sharing with 

followers 
Yes- Dexcom G6 follow app 
(CGM data only) 

Yes- Carelink Connect app 
(CGM and pump data)  
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hypoglycemia is commonly observed among individuals with CFRD and 
is thought to result from delayed first phase insulin secretion and late 
compensatory second phase insulin secretion [72]. Fig. 2 provides an 
example of post-prandial hypoglycemia related to a delayed meal bolus 
in a person with CFRD, illustrating the importance of timely carbohy-
drate boluses. Similarly, due to residual endogenous insulin secretion 
among individuals with CFRD, the authors will often start with a less 
aggressive correction factor upon AID initiation when using AID systems 
that deliver automated correction boluses. Lower basal rates in the 
overnight hours may also be required for CFRD patients with significant 
endogenous insulin secretion. 

With ongoing innovations and developments in AID, clinicians must 
understand which pump settings to adjust when glycemia is not optimal. 
Whereas the Tandem Control IQ AID system requires user programmed 
basal rates and correction factors, the Medtronic 770G system, when 
used in auto mode, determines basal rates and correction factors. 
Adjusting basal rates in the Medtronic 770G system will not have any 
impact on insulin delivery when in auto mode whereas adjusting basal 
rates on the Control IQ system will alter insulin delivery. With many 
systems already on the market and more in development, use of the 
CARES paradigm may help clinicians to optimally utilize each AID 
system (Table 3). The CARES paradigm emphasizes how each system 
Calculates insulin delivery, which parameters the user can Adjust, when 
users should Revert to open loop or manual function, critical Educational 
points unique to the system, and unique aspects of the CGM Sensor and 
data Sharing [73]. 

To date, systems in commercial use employ insulin only therapy, 
however dual hormone AID systems are being explored. Systems in 
development have incorporated glucagon, which raises glucose values 
by stimulating glycogenolysis and gluconeogenesis, and pramlintide, 
which slows gastric emptying allowing for better control of post- 
prandial hyperglycemia [74]. The use of ultra-rapid acting insulins, 
which add excipients to rapid acting insulins to further accelerate ab-
sorption and decrease time to onset of action, may further enhance the 
utility of single and dual hormone AID systems [75], particularly in 
CFRD given the risk for reactive hypoglycemia after post-prandial 
hyperglycemia. 

Patient Perceptions of diabetes technology use 

In a 2015 study using the German/ Austrian national diabetes patient 
registry, only 4.1% of individuals with CFRD reported using insulin 
pump therapy, and 30% discontinued use [76]. In a more recent 2021 
survey of patients with CFRD in the United States, 75% of youth and 
adults with CFRD reported CGM use while 29% reported insulin pump 
use [77]. Respondents perceived significant benefits to CGM use, but 
greater burdens to insulin pump use. Device discontinuation rates were 
high; 19% of CGM users and 28% of insulin pump discontinued device 
use, most commonly due to concerns about embarrassment related to 
wearing the device, cost, increased worry about glycemia, and pain 
related to device use. 

In an era of rapidly advancing CGM and AID technologies that hold 
the potential to improve glycemic control and decrease the burden of 
CFRD, strategies to promote device uptake and sustained use are needed. 
Given the perceived burdens and costs related to device use, additional 
studies showing clinical and psychosocial benefits to diabetes technol-
ogy use may improve health insurance coverage and help to mitigate the 
out-of-pocket costs. Expanded CFRD-specific patient education to avoid 
excessive worry about glycemia and pain related to device use, which is 
uncommon when used properly, may also promote device use. 

Conclusion 

Although there is significant evidence to support the beneficial effect 
of diabetes technology among individuals with T1D and T2D, there are 
limited data exploring the impact of device use on glycemic control and 

health-related quality of life among individuals with CFRD who have 
unique diabetes physiology and lived healthcare experiences. Under-
standing the perceived benefits and burdens of device use and devel-
oping effective strategies to address these concerns with careful 
consideration of the different aspects of CFRD are needed to better 
support the uptake and sustained use of CGM, insulin pumps, and AID in 
this patient population. Future studies are needed not only to expand our 
knowledge of best practices in the treatment of CFRD but also to provide 
evidence supporting the clinical benefit of these technologies, which 
could be used to support improved health insurance coverage and access 
to these technologies for the CFRD community. 
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