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INTRODUCTION:

Over the past few decades, there has been an increase in the use of technology for the 

management of diabetes, primarily in the young and middle aged patients with type 1 

diabetes (T1D). However, as technology has become more common, less expensive, and 

easier to use, its use has expanded to those with type 2 diabetes (T2D). In addition, in recent 

years, a growing number of older adults have started using technology to improve their 

diabetes. This phenomenon provides opportunities and challenges to understand the benefits 

and barriers in the use of technology in the aging population (Table 1). Currently, major 

advances in diabetes technology include: 1) insulin delivery systems as smart insulin pens 

and insulin pumps, 2) blood glucose monitoring as CGM, and 3) hybrid devices that 

combined glucose monitoring systems and insulin delivery systems1. The overall goal in the 

use of these technologies is to improve glycemic control, lower the risk of hypoglycemia, 

reduce the burden of living with diabetes, and improve quality of life2–7.

In this article we review the evidence supporting the use of diabetes technologies in the older 

population and discuss recommendations based on current data and authors’ clinical 

knowledge and experience.
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INSULIN DELIVERY SYSTEMS:

Insulin pens and Bluetooth enabled insulin pen:

Insulin pens have been a major advance in technology and have improved accuracy of 

insulin doses and ease of administration for patients who were using vial and syringe 

methods. Insulin pens are available as prefilled syringes, disposable or reusable with 

replaceable insulin cartridges that allow push-button injections. Some of these insulin pens 

have the ability to administer insulin by 0.5 Unit increment, improving the accuracy of 

dosing.

Recently, Bluetooth-enabled insulin pens (smart pens) have further improved this technology 

with their ability to record the dose and the time of the insulin delivery. In addition, some of 

these smart pens have built-in bolus calculators to help with insulin dosing calculations. . 

They also provide downloadable data reports to the clinicians and/or patients1. Until now, 

clinicians were adjusting insulin dosing based on blood glucose monitoring records, along 

with the assumption that the patient is taking their insulin as prescribed (both timing and 

dose). However, in patients with diabetes taking multiple insulin injection, omission or 

errors in doses and timing of insulin are fairly common8,9. The use of Bluetooth-enabled 

insulin pens in participants with T1D or T2D on insulin injection was shown to capture 

deviation from insulin prescriptions in a recent study10. Twenty two percent of the older sub-

group in this study showed nonadherence with bolus insulin dosing, while 27% showed 

nonadherence with basal insulin administration. The study results also showed that the 

nonadherence measured by these methods was associated with poor glycemic control.

Benefits for older population: Insulin pens are easier to use for older adults with vision 

impairment or dexterity problems compared to vial and syringes. Bluetooth-enabled pen can 

be used to assess missed or extra doses in patients with cognitive impairment. This 

information can be used by formal (aids or nurses) or informal (family members) caregivers 

to remind patients to take their insulin or eat meals on time. As mentioned above, some of 

the Bluetooth-enabled insulin pen systems has a built-in bolus calculator that can help with 

dosing calculation for those people who have difficulty with problem-solving. (Table 1)

Challenges in older adults: Some older adults with cognitive decline have difficulty 

operating insulin pens, especially changing cartridges. There is also a problem with 

identifying missed or incorrect doses, as most pens do not have memory for given doses. 

The numbers on the pen are sometimes hard to read for visually-impaired patients. Although 

Bluetooth pens are better for some of these issues, they are much more expensive and some 

of the pens require the need for daily charging in order to keep system functioning. These 

additional steps add an extra level of complexity (Table 1 and 2)

Insulin Pump or Continuous subcutaneous insulin infusion

Insulin pumps administer insulin continuously throughout the day. Most insulin pumps use 

tubing to deliver insulin through a cannula, while a few attach directly to the skin, without 

tubing (patch pump). This insulin delivery system is more accurate and precise than insulin 

administration via injections, and the amount of basal dose can be as small as 0.1U/hr. 
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Insulin pumps have a bolus calculator that can determine bolus doses based on pre-

programmed insulin to carbohydrate ratio, sensitivity factor, and set glucose target. Infusion 

sets are required to be changed every 2–3 days, requiring cannula insertion in the 

subcutaneous tissues and cartridge refill. Data can be downloaded from the pump and the 

reports can be reviewed by clinicians and can help identify problems such as missed doses or 

too many boluses causing stacking of insulin, often leading to hypoglycemia1.

Until recently, the use of insulin pump was mostly seen in younger adults and in those with 

type 1 diabetes. Large registry cohorts in this population have shown benefits of pump use 

by improvement in glucose control (A1C), reduction in hypoglycemia, and improvement in 

quality of life11,12. Several studies have evaluated the use of insulin pumps in the older 

population with T1D and T2D. A retrospective chart review to compare pump therapy in 

older and younger adults with T1D has shown similar benefits in both age groups in the risk 

of severe hypoglycemia and hospitalization13. Another retrospective study evaluating 

electronic medical records showed that the pump therapy can be used effectively and safely 

in carefully selected older adults with T1D14. A prospective, randomized study of older 

adults with T2D on either insulin pump or multiple daily injections (MDI) showed equal 

improvement in glucose variability over time with both modalities15. However, it did not 

show any difference between people using pump versus MDI in regards to glucose control, 

episodes of severe hypoglycemia, glucose variability, or treatment satisfaction.

Benefits in older adults: Many older adults enjoy the convenience of insulin pumps, as 

they don’t need to carry multiple insulin pens with them. Although cost can be a problem, 

currently, all insulin pump systems are covered by Medicare, which is beneficial to the older 

population. (Table 1)

Challenges in older adults: Obtaining and keeping up with various pump parts and 

supplies can be challenging at any age, but can be especially burdensome in older adults 

(Table 1 and 2). Although the Centers for Medicare & Medicaid Services (CMS) cover the 

expenses for insulin pump use in older adults with T1D, there is a caveat that the patients 

using the pump technology have a face-to-face encounter with a clinician every 3 months to 

receive disposable supplies needed for insulin pump use. A survey of older adults with T1D 

showed that obtaining supplies in a timely fashion remains a challenge16. More than 50% of 

the people interviewed in this study reported that because of these challenges, they changed 

pump-related behaviors such as leaving the infusion site in place longer than prescribed, 

reusing pump supplies, using injections to supplement pump use, or temporarily stopping 

the insulin pump use. As a consequence, there was an increased risk for adverse outcomes 

including more erratic blood glucose, irritation at insertion sites, and a greater number of 

episodes of hypoglycemia and hospitalizations.

Another major concern is the risk of diabetic ketoacidosis (DKA) associated with the insulin 

pump use. This risk is thought to be result of issues with infusion sets (dislodgement, 

occlusion). Although there are no studies specifically looking at the older population, risk of 

malfunction of pump and DKA needs careful consideration. (Table 1 and 2)
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Aging is also associated with higher prevalence of number of conditions that interfere with 

diabetes self-care. Cognitive decline with aging is not uncommon and can impact mental 

flexibility and mental speed17. Patients with diminished mental flexibility and processing 

speed may do well with a simple regimen or technology, but may fail if the regimen is too 

complex or the technology requires multiple steps. In general, when patients develop 

cognitive dysfunction, they are less likely to be involved in diabetes self-care and glucose 

monitoring18. It is important to reassess patient’s ability to use inulin pumps periodically 

when cognitive decline is noted (Table 3 and Figure 1). Aging is associated with increased 

incidence of conditions such as osteoarthritis and tremors that can impact dexterity. A study 

conducted in people with T1D and T2D evaluating hand function and motoric performances 

showed that reduced skills are common in those people with diabetes, compared to the 

general population19. Assessment of dexterity in clinical practice is not part of diabetes-

related clinical visit, and may result in a failure of insulin pump use if not considered 

beforehand. (Table 1 and 2). Vision and hearing impairment can also be barriers for many 

aspects of insulin pump use. Insulin pump screens may be difficult to see due to their small 

size and lack of magnification abilities. Alarms and alerts regarding malfunctions and 

reminders may be missed by those people with hearing difficulties.

GLUCOSE MONITORING SYSTEMS

Self-monitoring of blood glucose (SMBG) is a key component of diabetes management. 

Older people with diabetes have been using SMBG values for several decades, however, this 

measure is a static value compared to the dynamic data obtained from the CGM, with 

information not only on the absolute value, but also trends. Over the last decade, CGM has 

dramatically improved in technology, ease of use, and accuracy. The real-time CGM 

(rtCGM), which continuously reports glucose levels and includes alarms for hypoglycemic 

and hyperglycemic excursions, is primarily used in the management of T1D. The 

professional CGM is used for pattern management and for assessment of glucose excursions 

in the management of both T1D and T2D. Two CGM devices are now approved by the FDA 

for making treatment decisions without SMBG confirmation, sometimes called non-

adjunctive use1. A pivotal study conducted in 2008 showed that the use of CGM was 

associated with improved glycemic control, and lower risk of hypoglycemia in adults and 

children with T1D5. Similar results with improved glycemic control were also shown in two 

randomized controlled trials using CGM in adults with T1D and T2D using MDI7,20. A sub-

analysis of this study evaluated the use of CGM versus usual self-monitoring in older adults 

(>60 years age) with T1D and T2D using MDI, and showed that 97% of the older 

participants used the CGM ≥ 6 days/week at 6 month, and the use of CGM was associated 

with improved glycemic control and glycemic variability21. Few small retrospective studies 

have evaluated use of CGM in older population in community setting. In 2014, a community 

endocrine practice looked at retrospective data on a small number of older adults (≥65 years 

of age) using CGM, at the time, when CGM was not covered by the Medicare, and found 

that the older patients using rtCGM had a lower A1c and fewer episode of severe 

hypoglycemia compared to non CGM users22.

Recently, the Wireless Innovation for Seniors With Diabetes Mellitus (WISDM trial) 

prospectively assessed the potential benefits and risks of CGM use in older adults (>60yrs) 
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with T1D. The study showed a high retention rate up to 98% along with improvement in 

A1c, hypoglycemia (time spent < 70 mg/dl or 3.9 mmol/L) and severe hypoglycemia23.

A few studies have also evaluated the impact of CGM on quality of life by surveying 

patients using CGM. They have shown that in older adults with either T1D or T2D using 

CGM, rtCGM users had fewer moderate and severe hypoglycemic episodes, and greater 

reductions in severe hypoglycemia compared to non CGM users. The rtCGM users also 

reported significantly better well-being, less hypoglycemic fear, and less diabetes distress 

than non CGM users24,25.

Benefits in older adults:

rtCGM use in older adults has shown effectiveness in decreasing the risk of hypoglycemia. 

This is of particular importance, as hypoglycemia leads to poorer outcomes in older adults, 

due to its association with increased risks of falls and potential injury, myocardial infarcts, 

arrhythmias, temporary or permanent cognitive impairment, and death26–28. Older adults 

have a high risk of hypoglycemia unawareness and do not recognize many episodes of mild 

to moderate hypoglycemia, as they are asymptomatic29,30. Thus, alarms and alerts built in 

the CGM can help older patients to manage their hypoglycemia episodes in time and 

improve safety.

In addition, now there is an availability to use a smart device in conjunction with the CGM, 

which allows patients to enable mobile applications and use the SHARE feature. The 

SHARE application allows the user to share CGM data with up to five designated 

individuals who can monitor glucose levels remotely on compatible smart devices. This 

data-sharing capability can be helpful to caregivers of elderly and frail patients, especially if 

they have cognitive decline. (Table 1 and 2). In January 2017 the CMS had started providing 

coverage for rtCGM as durable medical equipment, which has helped to make this 

technology more affordable for older adults.

Challenges in older adults:

rtCGM provides an abundance of data, which sometimes creates challenges in 

troubleshooting and diabetes self-management decisions, especially in older adults. In 

addition, the constant problem-solving that is needed in interpreting and reacting to CGM 

readings can become a burden when other competing medical conditions or socio-economic 

problems arise.

In older adults with diabetes, Medicare covers the CGM, however, it requires limitation on 

the use of glucometer to only 3 fingerstick-checks per day. This limitation can be 

challenging in some, since SMBG has been used so diligently for many decades as a point of 

reference. Moreover, SMBG by glucometer are needed in certain situations e.g. CGM can 

have a warm-up period of a few hours where the patient does not have real time information 

regarding their glucose level, or when sensor glucose reads < 80 mg/dL or >250 mg/dL 

(<4.4 or >13.9 mmo/L) since CGM accuracy is reduced in these ranges.

As mentioned in the insulin delivery system discussion, cognitive decline and physical 

decline along with dexterity and visual impairment can be a challenge also in using CGM 
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for older adults. In addition, hearing impairment, which is common in older subjects with 

diabetes, may interfere with hearing alarm and alert causing distress and impact appropriate 

use of the CGM system31 (Table 1 and 2). Some medications and comorbidities occurring 

frequently in older adults can also create problems. Older subjects are more likely to use 

medications that contain acetaminophen. The use of acetaminophen interferes with some of 

the sensors, making reading inaccurate (false hyperglycemic readings)32. Older adults with 

diabetes may also have altered renal function. However, thus far, CGM accuracy has not 

been tested for chronic kidney disease and eGFR <30 mg/ml/min.

GLUCOSE-RESPONSIVE INSULIN DELIVERY SYSTEM OR HYBRID SYSTEM

Two major class of glucose responsive insulin delivery system are currently on the market. 

The first is a sensor-augmented insulin pump that can automatically suspend insulin to 

prevent hypoglycemia33. The hybrid closed- loop systems (also called the artificial pancreas 

or automated insulin delivery systems) is the other one, that can modulate insulin delivery 

below and above the pre-set rate based on sensor glucose levels to mitigate both hyper- and 

hypoglycemia34. In the U.S., a system with predictive low glucose suspend (Tandem t:slim × 

2 with Basal IQ) is approved by the Food and Drug Administration (FDA). Once covered by 

Medicare, this system will be available for use in older adults. The goal of the hybrid closed 

loop systems is to reduce the daily engagement by the person who wears it and provide help 

with the daily burden of diabetes decision-making, based on food intake (or lack thereof), 

exercise, and acute illnesses. There are no studies to assess the use of this technology in the 

older age group; however, a case-report highlights the potential power of this system in the 

older and frail population35. In this report, the use of closed loop insulin delivery systems 

was continued in a hospitalized individual during a period of terminal illness. Glucose 

control was kept within good range with minimal hypoglycemia while using a factory-

calibrated CGM, which reduced the burden of SMBG measurements, and an insulin pump, 

which is less intrusive than insulin injections.

CONCLUSION:

Newer diabetes-related technologies, such as insulin pump and CGM, are being more 

commonly used in older adults with both T1D and T2D. Study data have shown that healthy 

older adults can use these technologies successfully and derive benefits through 

improvement of glycemic control and glucose variability, reduced hypoglycemia, and 

improvement of overall quality of life. However, aging brings challenges associated with 

competing medical conditions, comorbidities, polypharmacy, and cognitive and functional 

decline (Table 3). Careful evaluation and thoughtful discussion between clinicians, patients, 

and their caregivers should be performed to continually re-evaluate the use of technology 

and its benefits and burdens. If an older patient chooses to use technology, it is important to 

assess their support system and offer training and education to the caregivers. Figure 1 show 

the steps needed for successful use of technology with the overall goal of improved diabetes 

and quality of life outcomes.
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KEY POINTS

• Recent studies have shown that the use of the technology for insulin 

administration (Insulin pump, insulin pens) and glucose monitoring 

(Continuous glucose monitoring (CGM)) can be used in older adults with 

type 1 and type 2 diabetes to improve glycemic control and quality of life, and 

reduce the risk of hypoglycemia.

• Some medical conditions more commonly seen in older adults can act as 

barriers to the successful use of technology. These conditions, including 

cognitive and physical decline, can happen over time, or acutely after an 

illness.

• Periodic assessment of cognitive and physical function, as well as overall 

health, is important in older adults using diabetes-related technologies.

• Guidelines on the use of technology in older adults, impact of medical 

comorbidities, screening tests for these conditions, as well as educational 

material for clinicians, patients and caregiver are needed.
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SYNOPSIS

With successful aging of adults with type 1 diabetes, there is an increased opportunity to 

use technology for diabetes management. When used in appropriate patients, technology 

can ease the burden of self-care and provide a sense of security in older adults. However, 

age-related comorbidities, especially cognitive and physical decline, can make 

technology use difficult in older adults. Guidelines for the use of technology in the aging 

population are urgently needed, along with educational material for the clinicians caring 

for them and the caregivers helping them at home. In this article, we review the evidence 

supporting the use of diabetes-related technologies in the older population and discuss 

recommendations based on current data and authors’ clinical knowledge and experience.
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Figure 1. 
Steps to consider in the Use of Diabetes Technology and Goals of Care in Older Adults to 

Improve Diabetes and Quality of Life Outcomes.
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Table 1:

Diabetes Technology systems: Benefits and Challenges in Aging Population

Technology 
Systems:

Benefits in Older Adults Challenges in Older Adults

Insulin 
administration 
systems

Pump or CSII: • Reduce hypoglycemia

• Improve A1c

• Availability of bolus calculators

• Smaller accurate doses

• Keep track of active insulin

• Downloadable reports

• Maintenance in context of getting and 
changing various parts

• Need for intact dexterity

• High cost

• Visual Impairment

• Burden/ Negative impact on Quality of Life

Bluetooth-enabled 
insulin pen:

• Bolus calculator

• Keep track of active insulin

• Downloadable reports

• Useful to assess adherence

• Maintenance in context of changing 
cartridges

• Need for dexterity

• High cost

• Visual Impairment

Monitoring 
systems

CGM • Reduce hypoglycemia

• Reduce glucose variability

• Improve glucose control

• Reduce need for fingersticks 
measurement

• Downloadable reports

• Alarm/alerts are available in most

• SHARE feature can help involve 
caregivers

• Maintenance in context of changing sensor

• Need for dexterity

• High cost

• Visual impairment

• Hearing impairment

• Perception of data overload causing anxiety

• Alarm/alert fatigue

Hybrid Systems • Reduce hypoglycemia

• Reduce glucose variability

• Improve glucose control

• Downloadable reports

• Alarm/alert

• Maintenance in context of many parts need 
replacement

• Need for dexterity

• Very high cost

• Visual impairment

• Hearing impairment

• Perception of data overload causing anxiety

• Alarm/alert fatigue
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Table 2:

Barriers to Technology Use in Older Adults

Barriers Glucose monitoring systems Insulin delivery systems

Cognitive 
dysfunction

• Unable to troubleshoot CGM data readings

• May under bolus or over bolus due to 
information overload of glucose readings

• Challenge to remember multiple steps to 
change sensor

• Overreacting to CGM alarms

• Frustration when device seems too 
complicated

• Unable to problem solve when issues arise 
(failed sensors, problems with connectivity)

• Unable to remember multiple steps to change 
tubing and cannula

• May administer repeated boluses due to 
forgetfulness, leading to insulin stacking

• Unable to problem solve when issues arise 
(kinked tubes, bent cannulas, pump failure)

Dexterity 
problems

• Difficulty calibrating CGM

• Difficulty inserting CGM sensor

• Difficulty dealing with CGM adhesion tape

• Difficulty manipulating CGM transmitter to 
change sensor

• Difficulties tapping on button on CMG 
receiver

• Difficulty changing cartridges in the insulin 
pen

• Difficulty working with pump tubing and 
insertions

• Difficulty pressing buttons on insulin pump 
required to administer insulin

• Difficulty reaching insertion sites for pump

Visual 
impairment

• Unable to read CGM readings

• Unable to read calibration prompts

• Unable to see numbers on insulin pen

• Unable to see pump display

• Unable to notice pump damage that can lead 
to malfunction

Hearing 
impairment

• Unable to hear CGM alarms and alerts • Unable to hear alarm from insulin pump 
malfunction

Social 
Isolation / 
Lack of 
Support

• No one to help during times of confusion

• Unable to find assistance changing sensors

• Unable to administer insulin injections alone

• Unable to find assistance changing pump 
sites
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Table 3:

Consideration for use of diabetes technology systems based on patient characteristics, health status, and 

glycemic goals

Patient characteristics 
and Health status

Glycemic goal Potential Benefits on Use of Diabetes Technology Potential limitations of Use of 
Diabetes Technology

Healthy (few coexisting 
chronic illnesses, intact 
cognitive and functional 
status)

A1c goal 7.5% (58 
mmol/mol)

Bluetooth pen:

• Can be used to keep track of adherence 
and educate patients regarding impact 
of missed or inaccurate dosing

Pump:

• Capacity for small dose of insulin

• Assistance with insulin calculator and 
active insulin on board

• Provide flexibility

CGM:

• Reduced need for finger sticks

• Alarm and alert can help with 
hypoglycemia fear and unawareness

• SHARE feature can be used to involve 
caregivers as needed

• Need to evaluate 
cognitive function 
periodically

• Caregivers need to 
be trained to help 
especially with 
SHARE feature

• Alarms and Alert 
fatigue can cause 
anxiety

Community-dwelling
patients receiving care 
in a skilled nursing 
facility for short-term 
rehabilitation

A1c is not a reliable 
measure, glycemic 
goal between 100–
200 mg/dl (5.5–11 
mmol/L)

Pump:

• May maintain tighter control needed 
during rehabilitation

CGM:

• Can help lower risk of hypoglycemia 
especially if on insulin regimen

Need to train staff at the facility

Very complex/poor 
health (long-term care 
or end stage chronic 
illnesses or moderate-
to-severe cognitive 
impairment or 21 ADL 
dependencies)

A1c <8.5% (69 
mmol/mol)

Pump:

• Consider continuing pump in older 
adult with T1D if staff is able to 
support

CGM:

• Continue CGM therapy to prevent 
unrecognized hypoglycemia episodes 
in those on multiple insulin injections 
or those who are not tolerating 
fingersticks

Need to train nursing home staff

Patients at end of life avoid extreme of 
glucose level as 
hypo or 
hyperglycemia

• Not much role in person with T2D

• CGM can help those with T1D to 
reduce burden of multiple fingersticks
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