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Abstract

Older adults with diabetes are heterogeneous in their medical, functional and cognitive status, 

requiring careful individualization of treatment regimens. However, in the absence of detailed 

information from clinical trials involving older people with varying characteristics, there is a lack 

of evidence-based guidance which is a significant limitation of current approaches to care. It is 

important to recognize that older people with diabetes may vary in their profiles according to age 

category, functional health, presence of frailty and comorbidity profiles. In addition, all older 

adults with diabetes require an individualized approach to care, ranging from robust individuals to 

those residing in care homes with limited life expectancy, those requiring palliative care, or end-

of-life management. With this background, an International Workshop of experts in the field from 

multidisciplinary backgrounds set about the important task of identifying key research gaps in 

areas which may influence large numbers of older adults with diabetes, and in turn, enhance our 

scientific understanding and their clinical outcomes.

Background and Rationale

Over the past decade, several diabetes organizations and societies have published position 

statements, guidelines, and consensus reports to guide the management of older adults with 

diabetes with consideration of these unique challenges(1–11). In addition, there have been 

special collections of published articles with a major focus on diabetes and older adults 

where the emerging science, the complexity of management, and goals of care have been 

discussed(12) in varying situations such as the presence of cognitive dysfunction(13) or the 

management of inpatient hyperglycemia(14). This literature supports the view that many 

factors necessitate different approaches to diabetes care in older adults compared with 

younger adults.

Older adults are a heterogeneous population and are frequently defined based on 

chronological age, functional status, or presence of comorbid conditions. This variability in 

definitions is seen in the studies in current literature focusing on older adults. In this regard, 

we may have to define “older adults” in context of the purpose of the study or review. In the 

past decade, various guidelines and consensus reports have provided clinical 

recommendations based on presence of severe comorbidities, cognitive status and 

functionality, avoiding chronological age as the defining factor. The three groups of older 

adults with diabetes are usually defined for the purposes of allocating recommendations are: 

(1) individuals in good health with little or no cognitive or functional impairment and long-

life expectancy (e.g. >10–15 years); (2) those with some comorbidities and mild disability; 

and (3) those with high comorbidity and/or disability, and shorter life expectancy (e.g. <5 

years).
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The recommendations from these guidelines provide important information for clinicians 

providing care for older adults with diabetes. However, older adults, particularly those with 

evidence of functional loss, frailty, and cognitive impairment, remain under-represented in 

clinical trials leading to management guidelines that rely on expert opinion only. In addition, 

research and clinical guidance on the care of older adults with type 1 diabetes are almost 

entirely lacking. Thus, there is an increasing and urgent need to develop evidence-based 

treatment recommendations for this growing population that has unique and often unmet 

needs.

Search strategy and selection criteria:

An International Geriatric Diabetes workshop was held in Boston on September 23–24, 

2019 to address the need for evidence-based recommendations in management of older 

adults with diabetes. The workshop organizers selected topics that were deemed most 

important in clinical practice, and had significant knowledge gaps. The participants included 

authors of this paper, clinicians, leading researchers, policy leaders, patient representatives, 

and industry partners focusing on the care of older adults with diabetes. Each speaker, 

selected for their expertise in the given topic, performed literature searches for relevant 

articles, and also provided their own recommendations based on their extensive expertise. 

Speakers discussed current evidence-based recommendations in the diagnosis, prevention, 

and management of diabetes in older adults, and then identified important evidence-gaps, 

research questions, and possible strategies to fill the gaps in each topic area. Figure 1 shows 

the schematic representation of the topics covered in the workshop. Each presentation was 

followed by a group discussion and was summarized by the workshop chairs. A summary of 

the discussion in each topic area is presented in this paper.

Screening and Prevention of Diabetes in Older Adults

Current Evidence

Several international organizations have developed criteria for screening for diabetes. 

Although large data sets have found that mean glycemia increases with age(15–18), most of 

the guidelines do not have age-specific criteria or recommendations for screening frequency 

based on age(11, 19, 20),(21). In addition, data suggest that if only an FPG or an HbA1c is 

done to screen, a substantial number of patients with IGT or diabetes will be missed(22, 23). 

If an OGTT is performed, it may diagnose diabetes in some individuals who were otherwise 

diagnosed as having IGT or normal glucose levels by other screening methods. However, 

how such a diagnosis or its treatment would alter clinically meaningful outcomes in an older 

population is unclear.

Several interventions have been shown to be effective at preventing diabetes. The Diabetes 

Prevention Program (DPP) investigated the effects of life-style modification, metformin, or 

placebo in the prevention of diabetes in individuals at high risk for diabetes development 

(IGT plus impaired fasting glucose in overweight/obese subjects), and found that a lifestyle 

intervention aimed at weight loss and increased physical activity was highly effective (58% 

reduction) and that metformin was less effective (31% reduction) in preventing progression 

to diabetes(24),(25). Of note, the DPP lifestyle intervention was relatively more effective in 
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the sub-cohort ≥age 60 at baseline, with a 71% reduction in diabetes development than in the 

younger groups (48–59% reduction). In other studies, acarbose(26), rosiglitazone(27) and 

pioglitazone(28) were found to be effective in preventing diabetes in older adults. However, 

no studies have shown that preventing diabetes in older people alters clinically important 

outcomes. All diabetes organizations have acknowledged the long-time period required for 

the development of complications and suggested that screening is not necessary when life 

expectancy is short enough that benefits are not likely.

Research Gaps

Whether age-specific criteria (regarding screening methods, frequency, and glycemic levels) 

should guide screening decisions in older adults is unclear. No studies have demonstrated 

that screening for diabetes and subsequent treatment alters clinically meaningful outcomes. 

In addition, there is no universal agreement regarding which outcomes should be measured. 

As there are not enough older people with multiple comorbidities in screening studies, there 

is also a lack of understanding regarding possible implications of those comorbidities and 

related treatments on the screening tests and the risk of diabetes. It is unclear if an OGTT 

should be done in patients who have prediabetes by HbA1c or FPG to identify further cases 

of diabetes, or if an OGTT should be done in patients who have normal screening values for 

these parameters. The cost implications of such a program need to be considered carefully, 

particularly since the benefits have not been defined.

Comorbidities and Complications

Current Evidence

One of the great clinical challenges of managing diabetes in older adults is that the disease is 

frequently accompanied by multiple comorbidities(29, 30). Based on concepts such as 

competing mortality and lag time to benefit(31), classifying older patients by comorbidities 

has been viewed as an important way to individualize the intensity and approach to diabetes 

management. There have been few studies to classify older patients by comorbid conditions, 

but these few studies have been the basis for the current three-tiered management system 

adopted by several diabetes care guidelines.

In one study(29), older adults with diabetes (age 57–85 years) were classified into three 

distinct subgroups according to the presence of 14 highly prevalent comorbid conditions 

using latent class analysis to identify those more or less likely to benefit from intensive 

glycemic control. While relying on a particular pattern of comorbid conditions alone may 

not be sufficient to guide all treatment decisions, a key finding was that those with 

cardiovascular disease and six or more comorbid conditions were a subgroup unlikely to 

benefit from intensified therapy. In another study(30), the presence of certain health status 

characteristics was shown to influence the ability of an individual to self-manage his or her 

diabetes and thus increased the risk of worse clinical outcomes. Separation into three groups 

based on health status characteristics, including comorbid profiles, appeared to be related to 

mortality risk as previously shown(29,31). Data from the US Health and Retirement study 

also found that this approach of separation into three groups was of value in determining 
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how clinically complex individuals with diabetes can be effectively managed and what 

research is necessary in this area(32, 33).

Two further studies provide additional insight into comorbidity profiling and outcomes in 

older adults with diabetes(32,33). One study using a diabetes simulation model showed that 

a combination of multiple comorbid illnesses and functional impairments was a more 

important predictor of limited life expectancy and diminishing benefits of intensive glucose 

control, than age alone(32). Another 5-year observational study characterized participants 

with type 2 diabetes into different comorbidity groups based on the use of a patient-reported 

measure (Total Illness Burden Index) and observed the occurrence of cardiovascular events 

according to levels of glycemia measured by HbA1c(34). Those with an HbA1c at baseline 

of 7.0%(53 mmol/mol) or less with low to moderate comorbid levels had significantly fewer 

cardiovascular events compared with those in the high comorbid group. Of note, the latter 

study included a relatively young group of older adults, and causal inferences were not 

possible. However, together these studies suggest that the comorbidity profile should be 

considered when tailoring glycemic goals and glucose-lowering therapies in older adults 

with type 2 diabetes.

Research Gaps

There are many important knowledge gaps related to comorbidities and diabetes. At present, 

we do not have a reliable comorbidity classification system that identifies clinically distinct 

subgroups of older patients. In addition, not all comorbidities are the same, and the studies 

to date have not accounted for disease severity. Thus, clusters and counts are difficult to 

operationalize in clinical practice, since types and severity of the comorbid conditions likely 

matter more than an overall count. Newer classification systems also need to consider 

additional independent variables, such as frailty and sarcopenia, and should be externally 

validated beyond the original development data set. An alternative to classifying patients 

based on clusters of baseline comorbidities is to classify patients based on risk prediction 

models for premature mortality and adverse drug events such as hypoglycemia(35). Apart 

from improving the approach to patient classification, evidence is needed regarding optimal 

targets for glycemic control and drug selection for the distinct classes of patients. Even after 

establishing a classification system, numerous research questions regarding implementation 

will remain.

Glycemic Goals

Current Evidence

In older adults with diabetes, a multidimensional and individual treatment and management 

approach is needed(36). Microvascular complications develop over time, and for many older 

patients with a limited life expectancy, intensive glycemic treatment will offer no net 

benefits. Factors such as functional status, comorbidities, life expectancy, social factors, and 

patient preferences need to be considered. These will also determine the appropriate target 

ranges for glycemia. Indeed, many clinical practice guidelines have recognized the need for 

age-specific guidelines and have proposed treatment goals that align with older patients’ 

unique characteristics and goals of care.
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Several observational studies show a J-shaped relationship between HbA1c and mortality in 

older adults(37),(38),(39). Threshold values for HbA1c at which mortality is increased are 

generally <6 – 6.5% (42–48 mmol/mol) and >7.5–10% (58–86 mmol/mol). In addition, the 

mortality risks associated with lower HbA1c values are amplified in patients taking 

medications associated with hypoglycemia (e.g., insulin)(40). In fact, secondary analysis of 

trial data in ACCORD shows greater mortality risk for older adults even with high HbA1c if 

they were on intensive therapy(41).

Owing to the dearth of acceptable, high-quality data in the older population with diabetes, 

guideline-directed glycemic targets in older adults(42),(2),(1),(6),(11) are generally expert 

opinion-based. They are generally designed to balance the risks associated with acute 

hyperglycemia and microvascular disease, while taking into account comorbidities, life 

expectancy, presence or absence of complications, polypharmacy, hypoglycemia and other 

adverse events, treatment burden, and social determinants of health. However, new 

information is emerging that may well influence future recommendations in glycemic 

control in older adults. A cross-sectional study(43) has shown an association between 

diabetes and disability, partially explained by glycemic control (higher risk for those with 

HbA1c ≥8% (64 mmol/mol). Several longitudinal studies have also shown a relationship 

between diabetes and increased frailty and mobility disorders(44),(45), as well as worse 

cognitive outcomes(46) in those with poor glycemic control.

As described in the section on comorbidities, three groups of older adults with diabetes are 

usually defined for the purposes of allocating recommendations for glycemic targets and 

thresholds: (1) individuals in good health with little or no functional impairment and long 

life expectancy (e.g., >10–15 years); (2) those with some comorbidities and mild disability; 

and (3) those with high comorbidity and/or disability, and shorter life expectancy (e.g., <5 

years). In general and even in the absence of direct data,, recommended targets for group 1 

are HbA1c levels of 7–7.5% (53 – 58 mmol/mol), with group 2 at 7.5–8% (58 – 64 mmol/

mol), and group 3 having levels 8 – 8.5% (64 – 69 mmol/mol). Lower targets are deemed 

appropriate in some patients based on shared decision-making, while considering the safety 

and tolerability of therapy.

Unfortunately, many older adults with diabetes may be over-treated. For example, about 

50% of patients >65 years with diabetes have an HbA1c <7% (53 mmol/mol)(47),(48) while 

using insulin or sulfonylurea, regardless of their functional status. This creates a potential for 

harm, particularly with the accompanying burdens of the treatment (e.g., polypharmacy, 

monitoring, adverse events, and costs) and increased risk of hypoglycemia with insulin and 

sulfonylurea in the older population(49),(50). Patient preferences(1, 2, 6, 42), care-giver 

perspectives(when appropriate(9)), and treatment adherence(51) are important aspects of 

diabetes management in all adults. However, in older adults they are essential in determining 

appropriate HbA1c targets and in identifying specific treatments to achieve those targets.

Research Gaps

The heterogeneity of older patients with diabetes raises the issue of HbA1c targets that take 

into account the personal characteristics and the care environment and the agreed-upon 

benefits to be achieved. Further complicating this is the fact that many older people with 
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diabetes have conditions that alter red blood cell (RBC) life span such as anemia, making the 

HbA1c a less reliable measure of glucose control(10). Thus, an alternative to HbA1c as a 

glycemic target, especially in populations with high prevalence of these conditions, such as 

those residing in subacute care facilities or nursing homes, is needed(9). One such approach 

may be related to the use of fasting blood glucose variability which in one study of older 

adults (mean age 60 years) was shown to be an effective predictor of ischemic stroke(52).

One approach to HbA1c goal-setting is to consider establishing a target range, for example 

7–8% (53–64 mmol/mol), and then tracking how often the measured levels reside within that 

range. This method avoids looking only at the absolute levels, which are subject to both 

biologic and measurement variability, and focuses attention on upper and lower bounds that 

are appropriate for an individual to balance risks and benefits. This may have the advantage 

of moving the locus of glycemic control from a dichotomous paradigm (i.e., good vs poor 

control) to a more continuous and comprehensive one.

The evidence of benefit to older adults by achieving and maintaining lower HbA1c levels 

(e.g., <7% [53 mmol/mol]) is limited, and there is concern about risk and lag time to 

accruing benefits as part of shared decision-making with patients(31).

The impact of maintaining target HbA1c levels on other outcomes, such as functional 

deterioration, cognitive impairment, falls, institutionalization, hospitalization, and premature 

death, has not been studied in any detail. Similarly, the impact of glycemic targets on quality 

of life measures, diabetes-related distress, or disease burden indices is not well studied. 

There are scarce data from interventional studies assessing the effectiveness of achieving 

different glycemic targets to improve or maintain functional status in older adults(53, 54).

Last, there is a need to examine clinical decision support tools (e.g., shared decision-

making), electronic health record tools (e.g., decision aids and clinical reminders), quality 

measures to track potential overtreatment, and real-life observational studies to assess the 

relationship of HbA1c to micro- and macro-vascular disease risk, functional status, and 

quality of life.

Glucose-lowering Agents in Older Adults

Current Evidence

Most clinical guidelines for the treatment of diabetes now recommend personalizing therapy 

through a shared decision making approach. In the majority of cases, these guidelines have 

relied on data extrapolated from trials in younger, generally healthier individuals or are 

based on expert consensus opinion. Minimizing hypoglycemia is often a key goal when 

guidelines are tailored for older people, and guidance often precludes the use of glyburide 

(glibenclamide) because of its long half-life and propensity for provoking hypoglycemia, 

although great caution is recommended in the use of any sulfonylurea where there are 

additional risk factors for hypoglycemia. Similarly, complex insulin regimes are not advised 

because of the excess risk of unwanted hypoglycemia, particularly in those with a shortened 

life expectancy or who have extensive comorbidity profiles(9).
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Following advice issued in December 2008 by the U.S. Food and Drug Administration 

(FDA) to the pharmaceutical industry, all new agents for the treatment of diabetes have had 

to undergo long-term CardioVascular Outcomes Trials (CVOT) to demonstrate safety. A 

detailed review of this area by an expert review group is available (55) and the results of 

subgroup analyses relating to event rate by age of various cardiovascular outcome trials has 

also been recently reported (56). All manufacturers of dipeptidyl peptidase 4 inhibitors 

(DPP-4is), glucagon-like peptide-1 receptor agonists (GLP-1RAs)(57–63) and sodium–

glucose cotransporter-2 inhibitors (SGLT-2is), (64),(65, 66) have carried out many CVOTs. 

Overall cardiovascular safety has been shown across all three classes using the composite 

Major Adverse Cardiovascular Events (MACE) (cardiovascular death, non-fatal myocardial 

infarction, non-fatal stroke). SGLT-2is also appear to have a more marked effect on 

preventing hospitalization for heart failure and progression of kidney disease(67–69). There 

are some results of interest for older age group. For example, in the LEADER trial with 

Liraglutide, those age ≥50 and CVD at baseline had a reduction in primary outcome (n= 

7,598; HR 0.83); whereas those ≥60, but no established CVD, had a significantly adverse 

outcome (n=1,742; HR 1.20, p: 0.04), except in a small subgroup of those age ≥75 years(61, 

67). A similar trend was seen in the HARMONY trial with Albiglutide(57), comparing 

participants’ age <65 to those ages 65–75 and a smaller number ≥75 years. In the EMPA-

REG trial with Empagliflozin, all with established CVD, those age <65 at baseline had no 

significant reduction in the primary outcome (n=3,793, HR 1.04); whereas those age ≥65 did 

(n=3,127, HR 0.71). Overall, the limited data in the older adults suggest there is a need for 

further studies to compare the differences in the outcomes. A comprehensive, evidenced-

based review of diabetes care in older people has recently been published(68).

Research Gaps

A major limitation of most of the RCTs in general is that the mean age of participants varied 

between 62 and 66 years, and a smaller proportion of adults ≥65 years was recruited. This is 

of much relevance in view of the increasing population in age group >65 years, developing 

CVD including HF, as well as advancing renal complications, where the outcomes with the 

newer agents are not clear. Additional safety data are needed in this age group. Another 

limitation is the uncertainty regarding the potentially adverse renal effects with SGLT2i in 

the long-term (>3 years) in older population (69). Other questions in regards to an older 

population include the need for trials dedicated to older age group and trials in those who are 

frail with multiple comorbidities. A recent guidance from the Food and Drug Administration 

(FDA) will go a long way in improving enrollment of the number of participants >65 years, 

and those with comorbidities like CKD and CVD in trials of drugs for glycemic control(70). 

Finally, significant questions remain about the optimal choice of drugs for T2D in older 

adults, optimal combination therapy (which is usually required), and the optimal sequence of 

their use.

Older adults with T1D

Current Evidence

People with type 1 diabetes are living longer in Western societies(71). While the survival 

gap between people with and without diabetes remains(72), life-expectancy for people with 
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type 1 diabetes is getting closer to the population average(73). Studies of people with type 1 

diabetes who survive into older age have identified a number of protective factors, including: 

a family history of longevity; elevated HDL; good glycemic control (HbA1c <7.8%, 62 

mmol/mol); non-smoking status; and low alcohol consumption(74). Survival may be related 

to genetic factors and residual beta-cell function(75). It is also important to note that the 

development of type 1 diabetes is not restricted to children and adolescents and continues 

throughout adult life, extending into old age(76),(77). Hence, the population of older people 

living with type 1 diabetes is a heterogeneous group, with varying diabetes duration and 

potential underlying pathology.

There are multiple hazards for older people with type 1 diabetes, including: hypoglycemia; 

cognitive function, and comorbidity. Hypoglycemia is an important hazard, increasing the 

risk of falls, fractures, and hospitalization. The incidence of hypoglycemia (including severe 

hypoglycemia) in older people with type 1 diabetes is increased(78), and hypoglycemia 

awareness can become impeded in older age(79). Cognitive impairment is another important 

hazard that could lead to insulin errors and hypoglycemia. Studies have reported higher risks 

for cognitive dysfunction in older people with type 1 diabetes compared to people without 

diabetes(80, 81). Comorbidities are also more prevalent in older people with type 1 diabetes, 

with negative impacts on mental and physical function. Collectively these comorbidities can 

increase care complexity and contribute to frailty. There have been no conclusive clinical 

trials assessing optimal metabolic targets in older people with type 1 diabetes, although 

some observational studies have shown lower diabetes complications in older people with 

more intensive control of cardiovascular risk (cholesterol and blood pressure)(82).

Research Gaps

Older age is associated with changes that mediate metabolic processes which may affect 

glucose regulation and increase the risk of hypoglycemia. These include reduced activity and 

nutrition and alterations in the fat to muscle ratio. These age-related changes may affect 

insulin sensitivity, so we need to understand how to compensate for them clinically and 

provide better self-management support.

Older people’s experiences of aging and how it affects their diabetes is not well understood. 

Such an insight would be important in understanding the issues older people with type 1 

diabetes face. In addition, as older people become less independent, their reliance on formal 

and informal caregivers increases, so identifying the perspectives of relatives and caregivers 

also need to be considered(83). In the same context, there is a need for care models and 

education of providers in different settings, such as long-term care facilities where it is 

assumed that older adults have T2D, which leads to mistakes such as stopping insulin 

because of the fear of hypoglycemia.

There is also limited knowledge about the role of newer technologies used by older adults 

with type 1 diabetes such as insulin pumps or CGM in these facilities. Finally, while 

international expert-based clinical guidelines are now available(84), there are still significant 

evidence gaps in relation to optimal approaches for the clinical assessments of age related 

risks and for effective clinical intervention to minimize risk and promote physical and 

mental function. It is also important to recognize that changing care approaches can be more 
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challenging for older people as they may have to adjust long-learned behavioral patterns; 

hence, we need to identify new approaches for self-management support in helping people 

with type 1 diabetes prepare for and adjust to older age.

Technology Use in Older Adults

Current Evidence

Despite good evidence in younger individuals with type 1 diabetes, with respect to the 

efficacy and safety of insulin pump use, limited data exist for those over the age of 65, as 

many of the randomized controlled trials excluded older people(85, 86). More recent studies 

using sensor augmented pump therapy and automated insulin delivery, specifically the 

hybrid closed loop G670 system, included individuals over the age of 60 and reported a 

similar improvement in glucose indices as for the entire cohort(87, 88). Real life data for 

1,946 individuals ≥60 years of age using the hybrid closed loop demonstrated similar 

improvements in glucose indices when compared with the younger cohort after initiating 

auto mode(89). The Opt2mize trial tested the effect of insulin pump therapy vs MDI 

(multiple daily injections) in individuals aged 35–75 years with type 2 diabetes inadequately 

controlled on MDI, and demonstrated an improvement in HbA1c that was independent of 

diabetes duration and cognitive score using the MoCA (Montreal Cognitive Assessment) 

(90).

Good evidence exists in individuals with type 1 diabetes with respect to the efficacy of 

continuous glucose monitoring (CGM) in improving glucose control and reducing 

hypoglycemia rates(91–93); however, these studies have generally excluded older 

individuals. In the more recent DIAMOND trial of CGM, 20% of individuals were over the 

age of 60. Over the 24 weeks of the trial, a 0.6% (6.6 mmol/mol) reduction in HbA1c was 

noted with no significant interaction of the effect according to age (94). Another trial 

conducted in individuals ≥ 60 years with type 1 and type 2 diabetes using multiple daily 

injections demonstrated an HbA1c reduction of 0.4% (4.4 mmol/mol)(95). The Wireless 

Innovations for Seniors With Diabetes Mellitus (WISDM) trial randomized 200 individuals 

with type 1 diabetes over the age of 60 years to CGM vs. finger-stick glucose monitoring. 

Over 6 months, CGM was associated with significant reductions in time spent in the 

hypoglycemic range (< 70 mg/dL (3.9 mmol/L) and < 54 mg/dL (3.0 mmol/L)) and in 

severe hypoglycemic events. The group randomized to CGM also had significantly greater 

time-in-range (70–180 mg/dl (3.9–10.0 mmol/L)) and decreases in hyperglycemia and 

HbA1c (Pratley et al, in press). Although the vast majority of studies assessing the use of 

CGM have been conducted in type 1 diabetes, trials of multiple daily injections in 

individuals with type 2 diabetes, including ~50% over the age of 60, demonstrated a 

reduction in HbA1C ranging from 0.3% to 0.5%(3.3 mmol/mol to 5.5 mmol/mol)(94, 96).

There is increasing evidence for the role of mobile phone applications for the management 

of diabetes. A recent review of RCT that included individuals ≥55 years with type 2 diabetes 

reported an improvement in various outcome measures including HbA1c, body weight, 

physical activity, blood pressure, and lipid profiles(97).
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Research Gaps

It is not clear if the existing data with respect to the use of insulin pumps and CGM in aging 

populations may be generalizable to individuals with cognitive/functional deficits. It is also 

not clear how the ability of the individual to utilize technology may be assessed. As both 

insulin scheduling and coping with hypoglycemia become a challenge in older adults with 

cognitive/functional deficits, it well may be that adapting existing technological tools 

(insulin pump, CGM) by creating a platform that also includes diabetes-related cognitive 

rehabilitation modules such as reminders, alerts, and caregiver/case manager interaction 

modules may benefit this population. In this context, it is worthwhile mentioning the 

ongoing technological advances in glucose management in older adults (TANGO) study that 

will assess the effectiveness of CGM enhanced by a diabetes management platform in the 

care of individuals with type 1 diabetes over the age of 65. We need more data to understand 

how caregivers can facilitate the use of technology used by older adults. It is important to 

integrate the perspectives of older adults to improve and ease adaptation of these 

technologies (e.g., larger buttons, better contrast, etc.) in this population.

Other interesting alternatives to pump therapy that may have a role in aging populations with 

diabetes are Bluetooth-enabled insulin delivery devices that enable tracking of insulin dosing 

through a smart phone app. There are several devices on the market. Some use reusable pens 

with a smart phone app tracking and advisor application. Some are caps that are put on 

disposable insulin pens and track insulin dosing. This technology, combined with a bolus 

advisor, alert system, case management, and the addition of other technology-based health 

behavior change techniques, could potentially aid in the unmet needs of older people with 

cognitive deficits who need a basal bolus regimen along with support for insulin dosing to 

prevent hypoglycemia.

There is a lack of long term studies on the role of mobile phone applications in the 

management of diabetes, and very few of the current studies have included individuals over 

the age of 70 or individuals with cognitive/functional impairment(97). And finally, studies 

on the development, design, and efficacy of educational/training programs for the use of 

technologies in older patients and their caregivers, including cost-effective assessments, are 

needed.

Diabetes in Long Term Care (LTC) and Palliative care

Current Evidence

It has been recognized for some time that for the residents of the LTC facilities, there is little 

evidence of structured diabetes care or clear oversight on the safety and efficacy of different 

treatment regimens(98). Together, a timely position statement of diabetes in long-term care 

and skilled nursing facilities(4) and a recent comprehensive review of this area(94) have 

provided priority lists of actions that if undertaken are likely to lead to an improvement in 

the quality of care provided in these settings. Older adults residing in LTC are not 

homogenous in their clinical and functional characteristics. In addition, they frequently need 

bidirectional care transitions between the hospital, the care home, skilled nursing facility for 

rehabilitation, assisted living, or their home. LTC residents have a high prevalence of 
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diabetes and multimorbid states, high admission rates to hospitals because of metabolic 

decompensation or infection, and poor quality of life(9, 99). Some of these adverse 

outcomes are likely owing to poor diabetes training and expertise of care staff combined 

with little implementation of diabetes care protocols, the lack of agreement on glycemic 

targets, and inconsistent and often unsafe insulin administration regimes(100).

By the end of 2018, ten intervention studies with focus on diabetes care in the LTC facilities 

had been conducted. The study topics included staff education(101, 102), retrospective 

review using guideline adherence(103) or comparative effectiveness of basal insulin 

approaches(104), diabetes medication withdrawal(105), teleconsultation between an 

endocrinologist and care staff (106), and four randomized clinical trials which included 

resident education(99), use of sliding scale insulin vs. basal-bolus insulin(107), and the 

effect of linagliptin (a DPP4-inhibitor) or other oral agents on hypoglycemia risk and 

glycemic control (compared with insulin glargine)(108, 109). These studies have in general 

been short term (<6 months) and with small sample size, and in some cases have lacked 

objectivity and consistency in outcome assessment. None have had a major influence on 

clinical practice but offer some important support for good clinical practice in promoting 

staff education and in reducing hypoglycemia risk by avoiding sliding scale insulin methods 

and over-intensification of treatment approaches.

Research Gaps

There are significant shortfalls in our knowledge of care home residents with diabetes, those 

with diabetes in other long-term aged facilities, and particularly those with diabetes in 

palliative care settings. The expression ‘end of life care’ may be applied to this latter group 

where there is required new momentum to undertake both descriptive and intervention 

studies for this neglected area of study and to assess the value of implementing clinical 

guidelines(110, 111).

There is a paucity of controlled clinical studies of intervention in the area of LTC and during 

palliative care. A study of doctors and nurses working in the palliative care setting suggested 

the use of a range of practices and BG testing frequencies based on experience and not 

according to robust evidence(112). There is moderate evidence describing the characteristics 

of older people with diabetes residing in long-term care or care homes(5) but limited 

descriptive information for end of life adults with diabetes(2). The value of a 

multidimensional approach (nutritional planning, exercises, staff education, hypoglycemia 

risk management, and medication review) to improving key outcomes such as reduction in 

hospitalization rate, hypoglycemia rate, infection rate, maintenance of physical function, and 

quality of life is also not well understood. Studies are also needed to understand variations in 

care provided in different residential settings and how they impact outcomes. In long-term 

care facilities, few if any studies have addressed concerns regarding the ratio of patients: 

staff and temporary staffing, and the role of the clinical pharmacist in diabetes management. 

Data are also needed in regards to stakeholders and their socioeconomic burden in order to 

inform changes in care practices for stakeholders.

Munshi et al. Page 13

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2021 June 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Critical Studies to Guide Implementation

Current Evidence

In the absence of an adequate evidence base, guidelines are almost exclusively based on 

expert opinion and extrapolated from trials in younger or healthier populations(1–11). Thus, 

additional studies are urgently needed to 1) identify which older adults with diabetes would 

benefit from which diabetes interventions and 2) determine which outcomes are most 

important for subpopulations of older adults with diabetes.

Research Gaps

Since relatively little is known about diabetes in older adults, a wide variety of studies are 

needed across the spectrum of older adults with diabetes. Different types of studies, 

including observational, qualitative, and intervention studies must be conducted to provide 

complementary insights. Future research should also explicitly focus on the wide spectrum 

of older adults, from healthier young-old adults as well as frail, cognitively impaired old-old 

adults residing in nursing homes.

There are many critical knowledge gaps in geriatric diabetes. We outline three specific gaps 

below. First, it is currently unclear when older adults experience symptoms of 

hyperglycemia. For many older adults with limited life expectancy, the goal of glycemic 

treatment is focused on avoiding symptomatic hyperglycemia. However, it is uncertain what 

levels of hyperglycemia and for what period of time lead to specific symptoms. For example, 

does a 30-minute glycemic excursion to glucose level >350 mg/dL (19.4 mmol/L) lead to 

fatigue? Does a 1-day glycemic excursion to glucose level >200 mg/dL (11.1 mmol/L) lead 

to worsening urinary incontinence or infection risk? Patient characteristics may also be 

important factors in whether hyperglycemia leads to symptoms or poor outcomes. Since the 

goal of glycemic treatment in many older adults with limited life expectancy is to avoid 

symptomatic hyperglycemia, determining when hyperglycemia results in symptoms could 

inform the clinical care of many older adults with diabetes.

Second, the prevalence and impact of hypoglycemia is poorly understood in this population. 

For example, how frequently does hypoglycemia lead to falls and fractures in older adults? 

How often do older adults experience hypoglycemia during sleep? What factors lead to 

hypoglycemia in older adults? Skipped meals? Cognitive or visual impairment leading to 

dosing errors? Does hypoglycemia accelerate cognitive decline? A more granular 

understanding of hypoglycemia and its impact on older adults could provide pivotal 

information that could inform glycemic treatment decisions and highlight potential targeted 

interventions to decrease risk.

Third, it is currently unclear how best to care for older adults approaching the end of life and 

receiving palliative care. Although there is a general recognition that decreased oral intake 

often leads to less hyperglycemia, lessening the need for glucose lowering medications, the 

appropriate timing and extent of deintensification is unknown. This results in a substantial 

burden of both hyperglycemia and hypoglycemia in these patients(113).
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Conclusion

With the increasing number of older adults with diabetes around the world(114), and the 

emerging recognition that goals of care may vary according to the health profiles of these 

individuals, we feel it is timely to emphasize the importance of further research. This will 

provide a more robust platform to develop evidence-based recommendation to improve 

outcomes of interest in this population. We hope that this paper will be of interest and utility 

for future investigators in diabetes and aging.
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Critical Knowledge Gaps

• Age specific criteria for the diagnosis of impaired glucose tolerance (IGT), 

pre-diabetes, and diabetes

• Best method to screen for diabetes in older adults and the role of the oral 

glucose tolerance test (OGTT) in varied settings

• Impact of intervention on clinically meaningful outcomes post-screening

Important Research Questions

• Should screening criteria (methods, glycemic levels, and frequency) for pre-

diabetes and diabetes be age specific?

• What are the implications for screening for diabetes on interventions and 

clinically relevant outcomes in older adults?

• Can existing large population or cohort-based data sets be used to establish 

new criteria for IGT pre-diabetes, and diabetes in older people?

• Should older people be screened with both a hemoglobin A1c (HbA1c) and 

fasting plasma glucose (FPG) test instead of one or the other?

• Is an OGTT needed in older people who have FPG and/or HbA1c levels in 

normal or prediabetes ranges?
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Critical Knowledge Gaps

• Development of a reliable comorbidity classification system that identifies 

clinically distinct phenotypic subgroups of older patients.

• Inclusion of adequate-sized subgroups of older patients with diabetes and 

prediabetes in major randomized controlled trials of diabetes prevention, 

treatment and care.

• How glycemic control-outcome relationships differ in older age compared 

with younger age persons with pre-diabetes and diabetes.

• How the effects (glucose lowering, side-effects, and long-term consequences) 

of diabetes medications differ by age.

Important Research Questions

• How do we identify the important subgroups of older patients with diabetes?

• What specific glycemic goals should be recommended by subgroup?

• What is the optimal study design for acquiring the evidence for treatment 

selection by subgroup?

• How do we incorporate health status into clinical decisions in busy practice?

• How do we communicate with older patients about changing health status and 

goals?

• How do we acquire the evidence to demonstrate whether or not personalizing 

diabetes care can improve outcomes for older patients?
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Critical Knowledge Gaps

• Individual glycemic goals to optimize functional, cognitive, and quality of life 

outcomes as well as use of resources (e.g., hospitalization, long-term care, 

institutionalization).

• Risks and effectiveness of different HbA1c thresholds in older populations.

• Role of HbA1c target ranges (e.g., 7–8% or 53–64 mmol/mol) and time-in-

range as glycemic goals, balancing risks and benefits, in older adults.

• Effectiveness of clinical decision support tools (e.g., shared decision making), 

electronic medical record tools (e.g., decision aids and clinical reminders), 

and quality measures to guide clinical care.

Important Research Questions

• Develop real life observational studies to assess the relationship of HbA1c to 

microvascular and macrovascular disease risk, mortality, functional status, 

and quality of life in older adults.

• What are the appropriate HbA1c targets to minimize different outcomes (e.g., 

functionality and quality-of-life) in older adults with different categories of 

risk (e.g., young-old or old-old age, frailty, mild or severe disability, impaired 

cognition)?

• Is it feasible and useful to implement alternative measures of glycemic control 

to HbA1c?

• Are current technologies to improve glycemic control, such as CGM, cost-

effective, and do they promote the empowerment of older adults with 

diabetes?
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Critical Knowledge Gaps

• Lack of focus on participants who are older and frail with diabetes in 

randomized control trials (RCTs) and clinical development programs for 

medications

• Data on the safety and efficacy of glucose-lowering drugs in older populations

• Identifying the most important outcomes with different classes of medications 

for older individuals with diabetes by patient type, complications and 

comorbidities

• Defining an optimal treatment approach in different settings such as home, 

rehabilitation facilities, hospitals, or long-term care

Important Research Questions

• The value of long-term RCTs using newer agents in older populations 

focusing on outcomes of interest in older age and relative cost-effectiveness.

• Results of pooled analyses of the efficacy and safety of specific drug classes 

within clinical development programs, cardiovascular outcome trials (CVOT), 

and real-world evidence from databases around the world.

• What is the optimal sequence of drugs for type 2 diabetes management in 

older adults with different categories of risk (e.g., young-old or old-old age, 

different racial groups, frailty, mild or severe disability, impaired cognition, 

various patient preferences)?

• What are optimal combinations of drugs in specific populations of older 

adults, including those with cognitive and physical decline? What is the add-

on value of new classes of glucose-lowering medications?

• What are the optimal glucose-lowering treatments in older patients with 

comorbidities including atherosclerotic cardiovascular disease (ASCVD), 

heart failure and chronic kidney disease (CKD)?

• What are the effects of SGLT2 inhibitors on mechanisms of reducing 

progression of heart failure and on long-term renal outcomes?

• What is the optimal approach in different settings such as hospitalized older 

adults or long-term care residents?
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Critical Knowledge Gaps

• National and global data sources for the epidemiological profiling of type 1 

diabetes

• Impact of aging on metabolic regulation and self-management behavior

• Risk for and of hypoglycemia and preventive interventions

• Interaction between physical and mental function, with diabetes self-

management.

Important Research Questions

• What age related factors mediate diabetes outcomes and adverse treatment 

events in older people with type 1 diabetes?

• What are the experiences of older adults living with type 1 diabetes (age-

related changes and challenges)?

• What are the optimal methods for risk assessment and minimization in older 

people with type 1 diabetes, considering metabolic objectives, self-

management support and hypoglycemia prevention?

• What are the needs of formal (e.g., visiting nurses) and informal (e.g., family 

members) care-providers in supporting older people with type 1 diabetes?
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Critical Knowledge Gaps

• Data regarding efficacy (outcomes, glucose control, hypoglycemia events) 

and safety of pump therapy, sensor augmented pump therapy/hybrid closed 

loop and CGM in older people with diabetes as a whole or in those with 

multimorbidity, including cognitive and functional decline.

• Data relating to the use of home-based technological support or mobile, 

smartphone-based support in effective diabetes management of older adults

Important Research Questions

• Which older adults are likely to benefit and which are likely to be harmed by 

use of varied technologies, and which tools may be used in order to identify 

the latter?

• What diabetes lifestyle and/or management apps can be used successfully in 

older populations?

• How can technology be harnessed for older people with special needs with 

cognitive or functional deficits?

• How can we create a platform that includes additions to the existing 

technological tools (insulin pump, CGM) for diabetes related to cognitive 

rehabilitation modules, such as reminders, alerts and caregiver/case manager 

interaction modules, and physical activity monitoring and promotion tools?
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Critical Knowledge Gaps

• Roadmap for incorporating current evidence, patient preference and values, 

and prognosis into the therapeutic plan.

• Data on target range of HbA1c, frequency of glucose monitoring

• Best approach to select oral glucose-lowering regime or insulin scheme

• Best nutritional and exercise-based approaches to maintaining physical 

function

• Value of implementing End of Life Care guidance and approaches as a basis 

of planning palliative care

New Research Questions

• What is the best approach to select individualized glycemic goals and what is 

the best measure of glycemic control (HbA1c versus glucose monitoring by 

glucometers or CGM) for residents with diabetes and those at end of life?

• What is the best approach to use glucose-lowering regimes that reduce the 

risk of hypoglycemia, meet acceptable targets of glycemia, and improve 

outcomes of interest to this population?

• Is there an average glucose, glucose excursion, or HbA1c level above which 

clinical outcomes can worsen in patients receiving palliative care?

• What is the best nutrition and exercise-based approached in LTC and at end of 

life care?

• What outcome indicators can be universally used to assess the standards of 

diabetes care within care homes and longer-term aged care facilities?

• Is there a need for open real life and observational studies to acquire more 

data on the impact of diabetes on residents from care homes and at end of 

life?
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Critical Knowledge Gap

• Knowledge of the level and duration of hyperglycemia leading to symptoms.

• Frequency of hypoglycemia in various populations of older adults (i.e., 

community-dwelling vs nursing home; cognitively intact vs cognitively 

impaired and across the spectrum of frailty).

• When does hyperglycemia lead to geriatric outcomes such as falls, physical 

functional decline, and cognitive decline?

• Best approach for the deintensification of glycemic treatment near the end of 

life?

Important Research to be Undertaken

• A prospective study to correlate symptoms to glycemic levels using app-based 

tracking of symptoms, conducted across different subsets of older adults (i.e., 

community-dwelling vs nursing home; cognitively intact vs cognitively 

impaired and across the spectrum of frailty).

• An observational study that examines the current state of glycemic control 

across those in long-term care facilities and other settings.

• Qualitative studies to examine what outcomes are important to older adults 

with diabetes, ultimately informing consensus on outcome measures for 

future studies.

• An interventional study aimed at different patient subtypes (i.e., those living 

at home, assisted living, long-term care facilities hospice), that would include 

qualitative feedback on symptoms and ultimately would examine longer term 

complications where appropriate (CVA, CVD, CKD).

• As evidence accumulates, studies will be needed to identify optimal glycemic 

targets and treatments in different patient subgroups- those with Type 1 

diabetes, dementia, and moderate to severe frailty.

• Observational measures across large care networks identifying variation in 

care and staff education regarding appropriate medication review, nutrition 

and exercise interventions and individualized care plans, to disseminate 

knowledge to the care settings these individuals use.

• Identify potential cost savings (i.e. reduced hospitalizations) to accelerate 

adoption
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Figure 1. 
Research roadmap for diabetes in older people, with a focus on establishing the most 

important outcomes and a focus on registry-based real-world populations Modified from 

Sinclair and colleagues.15

*With a focus on establishing the outcomes most important to older adults. With a focus on 

registry-based real-wold populations.

Munshi et al. Page 31

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2021 June 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Background and Rationale
	Search strategy and selection criteria:
	Screening and Prevention of Diabetes in Older Adults
	Current Evidence
	Research Gaps

	Comorbidities and Complications
	Current Evidence
	Research Gaps

	Glycemic Goals
	Current Evidence
	Research Gaps

	Glucose-lowering Agents in Older Adults
	Current Evidence
	Research Gaps

	Older adults with T1D
	Current Evidence
	Research Gaps

	Technology Use in Older Adults
	Current Evidence
	Research Gaps

	Diabetes in Long Term Care (LTC) and Palliative care
	Current Evidence
	Research Gaps

	Critical Studies to Guide Implementation
	Current Evidence
	Research Gaps

	Conclusion
	References
	Figure 1.

