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Abstract: Type two diabetes mellitus (T2DM) represents a chronic condition with increasing preva-
lence worldwide among the older population. The T2DM condition increases the risk of micro and
macrovascular complications as well as the risk of geriatric syndromes such as falls, fractures and
cognitive impairment. The management of T2DM in the older population represents a challenge for
the clinician, and a Comprehensive Geriatric Assessment should always be prioritized, in order to
tailor the glycated hemoglobin target according to functional and cognitive status comorbidities, life
expectancy and type of therapy. According to the most recent guidelines, older adults with T2DM
should be categorized into three groups: healthy patients with good functional status, patients with
complications and reduced functionality and patients at the end of life; for each group the target for
glycemic control is different, also according to the type of treatment drug. The therapeutic approach
should always begin with lifestyle changes; after that, several lines of therapy are available, with
different mechanisms of action and potential effects other than glucose level reduction. Particular
interest is growing in sodium-glucose cotransporter-2 inhibitors, due to their effect on the cardiovas-
cular system. In this review, we evaluate the therapeutic options available for the treatment of older
diabetic patients, to ensure a correct treatment approach.

Keywords: type 2 diabetes mellitus (T2DM); older people; frailty; antidiabetic drugs; comprehensive
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1. Introduction

The prevalence of type 2 diabetes mellitus (T2DM) among older people is growing in
relation to an ageing global population. According to the latest data of the International
Diabetes Federation (IDF), in 2019 the prevalence of diabetes in people older than 65 years
was around 19%; thus, over 130 million older adults were affected by diabetes with an
estimated further increase to 276.2 million by 2045 [1].

Beyond the higher risk of well-known macrovascular and microvascular complica-
tions [2], older adults with diabetes are also at greater risk of geriatric syndromes compared
to non-diabetic. As a matter of fact, due to pain, impaired vision, and motor and sensory
neuropathy, T2DMis associated with 64% increased risk of falls (in particular for patients
treated with hypoglycemic drugs such as insulin) [3], and fragility fractures [4].

Older people with T2DM are more likely to develop cognitive impairment, rang-
ing from mild cognitive impairment (MCI) to overt dementia [5], and both hypo- and
hyperglycemia seem to be related to neurocognitive dysfunction [6,7].

Moreover, the high prevalence of urinary incontinence, chronic pain [2,8], delirium [9,10]
and depression [2,8,9] among diabetic older adults negatively affects the quality of life.

These conditions, along with compliance issues, polypharmacy and, often, inadequate
hydration and nutrition, have a negative impact on older adults’ functional status, leading
to higher risk of disability and institutionalization [2,8,9,11].
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Optimal T2DM management in older people represents a challenge, given the extreme
heterogeneity of this population in terms of functional and cognitive status, comorbidities
and life expectancy, and a comprehensive geriatric assessment (CGA) should always be
performed in order to assess the best therapeutic approach.

The diagnosis of diabetes has always been focused on hyperglycemia and for many
years insulin resistance was considered the primary etiological factor for the development
of type 2 diabetes, with hyperinsulinemia representing a compensatory mechanism to
overcome systemic insulin resistance. Nevertheless, several recent studies support the
hypothesis that hyperinsulinemia is the primary mechanism underlying type 2 diabetes,
besides being an important etiological factor for the development of metabolic syndrome,
obesity, cardiovascular disease, cancer and premature mortality. According to this new
perspective, therapeutic approaches should aim at reducing plasma insulin concentrations.
While at the late stage of the disease most patients may require exogenous insulin therapy to
achieve optimal glucose control, it could be harmful to administer insulin in the early stages
of the disease characterized by elevated concentration of fasting insulin levels. Strategies
for managing hyperinsulinemia, such as caloric restriction, together with drugs reducing
insulin hyper secretion or increasing insulin hepatic clearance and insulin sensitivity, are
among the new potential strategies for the management of T2DM and may also have the
potential to prevent or delay the progression of the disease [12,13]. In this review, we discuss
CGA-based treatment goals in older people and evaluate the current antidiabetic therapies.

The search was conducted in PubMed, with the keywords “Diabetes mellitus, older people,
older patients, antidiabetics, metformin, gliflozins, insulin, DPP4-I, GLP-1R agonists”; meta-
analysis, randomized clinical trials, reviews and abstracts in English published within the last
10 years were selected and reviewed. We also included current guideline recommendations.

2. Type 2 Diabetes Mellitus: Treatment Targets

Despite the heavy social and economic burdens, the older diabetic population (es-
pecially with higher degree of frailty) has been historically underrepresented in clinical
randomized trials [14–16], though, in the last 15 years, several organizations have endorsed
the concept of tailored diabetes care on the basis of functional status, life-expectancy and
risk of drug-induced hypoglycemia.

The glycated hemoglobin (HbA1c) level generally recommended in older adults
receiving antidiabetic drugs not associated with hypoglycemia is <7.5%. This value is
consistent with what is recommended for younger people by the current standards of care
of the American Diabetes Association (ADA) [17] and the International Diabetes Federation
(IDF) [18].

Nevertheless, this is a simplified vision of clinical decision-making; as a matter of fact,
older adults should be further classified through CGA, especially older patients receiving
insulin or other drugs potentially associated with hypoglycemia.

According to ADA, older adults with diabetes can be categorized into three groups:
healthy patients with good functional status, patients with complications and reduced
functionality and vulnerable patients at the end of life. The first group includes patients
with few comorbidities, good cognitive and functional status and long-life expectancy and
may be treated using therapeutic strategies and targets similar to those for young diabetic
adults, aiming for values of HbA1c < 7–7.5%, fasting or pre-prandial glucose 80–130 mg/dL
and bedtime glucose 80–180 mg/dL. Patients with at least three coexisting chronic illnesses,
cognitive or functional impairment or advanced diabetes complications belong to the
second group and may benefit from less stringent glycemic control (HbA1c < 8%, fasting
or pre-prandial glucose 90–150 mg/dL, bedtime glucose 100–180 mg/dL).

The latter group comprises older adults receiving palliative care and end-of-life care,
and/or with cognitive or functional disability. For such patients, physicians should apply
strategies to preserve quality of life, avoid hypoglycemia and symptomatic hyperglycemia
(avoiding reliance on HbA1c, fasting or pre-prandial glucose 100–180 mg/dL, bedtime
glucose 110–200 mg/dL).
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Some patients will not fit into a particular category, and it will be necessary to draw up
individualized care plans. Patient and caregiver preferences should always be considered
and periodically reassessed, together with health status, in order to adapt to changes over
time [17]. In line with ADA, IDF identified three main categories of older adults with
diabetes. The first is characterized by people functionally independent with a HbA1c
target of 7–7.5%. The second group includes functionally dependent people with higher
risk of hypoglycemia or hyperglycemia, poor self-management ability and increased risk
of hospitalization. For such individuals, the recommended target of HbA1c is 7–8.5%,
avoiding drugs that might cause nausea or gastrointestinal disorders and drugs with
increased risk of hypoglycemia. The third category consists of patients approaching the
end of life, therefore the main goal is to avoid symptomatic hypo- and hyperglycemia,
considering withdrawal of therapy (including insulin) [18]. Treatment goals according to
patients’ functional status and guidelines are summarized in Table 1.

Table 1. Treatment goals for glycemia in older adults with diabetes.

Healthy (Few Coexisting Chronic
Illnesses, Intact Cognitive and
Functional Status), Long Life

Expectancy

Complex/Intermediate (Multiple
Coexisting Chronic Illnesses,

Functional Impairments, Mild to
Moderate Cognitive Impairment)

Very Complex/Poor Health
(Long-Term Care or End-Stage
Chronic Illnesses, Moderate to
Severe Cognitive Impairment),

Approaching to End of Life

ADA 2021
[17]

HbA1c < 7–7.5%
Fasting glucose 80–130 mg/dL
Bedtime glucose 80–180 mg/dL

HbA1c < 8%
Fasting glucose 90–150 mg/dL

Bedtime glucose 100–180 mg/dL

Avoid symptomatic hypo- and
hyperglycemia

Avoid reliance on HbA1c
Fasting glucose 100–180 mg/dL
Bedtime glucose 110–200 mg/dL

IDF [18] HbA1c 7–7.5% HbA1c 7–8%
Avoid symptomatic hypo- and

hyperglycemia, consider
withdrawal of therapy

Abbreviations. T2DM: Type 2 Diabetes Mellitus. ADA: American Diabetes Association. IDF: International Diabetes Federation. HbA1c:
glycated hemoglobin.

It is extremely important, however, to consider the potential limitations of HbA1c.
Even though the measurement of HbA1c is the standard biomarker for glycemic control,
it may not be reliable in particular situations such as anemia or other conditions that
influence red blood cell turnover (hemoglobinopathies, hemodialysis, recent transfusions,
erythropoietin therapy, chronic liver diseases). In these settings, capillary glucose or
continuous glucose monitoring (CGM) should be used [19].

Hypoglycemia is a frequent occurrence in diabetic patients treated with insulin or
insulin secretagogues and remains the most alarming complication of diabetes manage-
ment, since it is associated with an increased morbidity and mortality risk. Hypoglycemia
can lead to serious outcomes, such as coma and death, can limit the independence and
autonomy of patients and has a significant effect on the quality of life of patients. Repeated
episodes of hypoglycemia can lead to “hypoglycemia unawareness” defined as the onset of
neuroglycopenic symptoms (weakness, tiredness, dizziness, difficulty with concentration,
seizures, coma) before the appearance of autonomic warning symptoms, due to the shift
of the glycemic threshold for counter regulation to lower plasma glucose concentration.
Polypharmacy can also increase the risk of hypoglycemia unawareness, especially in elderly
patients treated with insulin or insulin secretagogues and beta-blockers [20–22].

In order to improve clinical outcomes, educational programs should be patient- and
caregiver-centered. Information and instructions should always be given in a clear and
simple way. Patients and caregivers should be trained to recognize signs and symptoms
of hypoglycemia and should be encouraged always to have glucose or carbohydrate
containing food at their disposal. The number of daily glucose checks should be assessed in
relation to the antidiabetic drug, keeping a record of blood sugar to show to the healthcare
team, even via telemedicine [18,23,24].
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3. T2DM Treatment Options in Older Patients
Lifestyle Changes

Similarly to younger patients, lifestyle modification should be considered as a primary
goal in the general population; moreover, it represents the first-line treatment of T2DM in
older adults [17,18,25,26].

One of the primary causes of T2DM, at least in the Western Countries, is believed
to be the energy-dense diet and sedentary life, directly responsible also for the obesity
surge. However, the increased visceral obesity, rather than the higher BMI, seems to be
related to T2DM development [27]. Diet is certainly one of the most involved factors in
T2DM development; as a general view, refined grains and sugar sweetened drinks are
associated with higher risk of diabetes, and daily nuts consumption seems to be somehow
protective [27–29]. Studies aiming at investigating diet impact on the risk of diabetes are
widely available. It is important to notice that several dietary studies showed improvement
in metabolic control, which could actually be due to the behavioral changes in at least the
first phases of the study, when the volunteers change eating habit and lose weight as a
possible “study effect” [27]. Unfortunately, poor compliance has been seen in long-term
studies, but few studies have been conducted with interesting results. In particular, the
PREDIMED trial evaluated the incidence of diabetes comparing the Mediterranean diet
supplemented with either olive oil or nuts compared to a low fat diet [30]. In the study,
418 non-diabetic patients (aged 55–80) were enrolled and divided into low fat diet and
Mediterranean diet (a group supplemented with olive oil and a group with nuts). After
4 years follow up, the incidence of T2DM was 10.1% and 11% in the Mediterranean diet
with olive oil or nuts, respectively, and 19.9% in the low-fat diet group. The incidence of
diabetes was reduced by 52% in the Mediterranean diet group (olive oil and nuts pooled
together) as compared to the control group [30]. The study, which did not have any weight
loss requirement or outcome, suggested that some components of the Mediterranean diet
would help in decreasing the risk of developing diabetes.

Nutritional status should always be assessed on admission and then periodically with
the purpose of drawing up an individualized nutrition plan. In overweight/obese patients
with high functional status, a 5–7% weight loss should be promoted in order to improve
glycemic control [31].

Patients with a higher degree of frailty should follow a diet rich in protein and energy
to prevent malnutrition and weight loss [32].

Strict dietary restrictions should be avoided in older adults with severe comorbidities
and cognitive or functional disability [17,18,26].

Greater interest has been shown towards low carbohydrate diets, and clinical trials
with up to two years follow up have shown that low carbohydrate diets have beneficial
effects on cholesterol and glucose metabolism [33,34]. In the single harm 1-year longitudinal
study evaluating the outcome of a low carbohydrate diet in T2DM patients, performed
following a training digital program, the group completing the study had reduced HbA1c
levels, and the use of glucose-lowering medication was also reduced [35]. In the Participant
experiences in the Diabetes REmission Clinical Trial (DiRECT), a cohort of 280 patients
(aged 20–65 years) from Clinical Practices in UK received either the usual care or a weight
management program, including low calories diet replacement, food reintroduction and
long term weight loss maintenance, aiming at reducing both weight and HbA1c [35].The
results from this study showed that, at 12 months, significant weight loss was achieved
in the intervention group [36], with 46% of diabetes remission compared to the 4% in the
control group (odds ratio 19.7, 95% CI 7.8–49.8; p < 0.0001). Quality of life also improved in
the intervention group. In a narrative review including 99 articles on diabetes remission or
reversal, three strategies have been evaluated: bariatric surgery, suggested to treat morbid
obesity and subsequent diabetes, low-calories diets and carbohydrate restriction. Among
them, bariatric surgery showed early resolution of the comorbidities linked to obesity,
but the results, in terms of T2DM, were less durable in the long term [37]. Low calories
diet was proven effective in reversing diabetes in the short term, especially in patients
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with a recent diagnosis; however, severe energy restriction is concerning in the long term,
because of potential changes in body composition, metabolic adaptation and subsequent
weight gain [37]. Carbohydrate restricted diet, aiming at inducing ketosis, determined
improvement in HbA1c levels and reduction of hypoglycemic medications, together with
improvement in several cardiovascular risk factors. The improvement was sustained
over time, for up to two years [38]. It has to be considered that the studies were not
conducted on an older population, thus representing interesting and promising strategies
for a healthier ageing, when applied in the younger phases of life, and should be avoided
in frail older subjects [39]. As general advice, a careful evaluation of the macro/micro-
nutrients intake is recommended, and should be applied in the older population, either
with or without diabetes. The European Guidelines on Clinical Nutrition and metabolism
in geriatric patients recommend an energy intake of 30 kcal/kg, to be adapted basing on
physical activity, nutritional status, and tolerance; certainly, this consideration could be
applied to elderly patients with diabetes [40]. Protein intake should be at least 1.0 g/kg
body weight/day, up to 1.2–1.5 g/kg body weight/day in older subjects with acute or
chronic illnesses; higher protein intake seems to be associated with lower incidence of
frailty and better gait speed [41]. In a three-year follow up study in a population of older
diabetic patients, a protein intake higher than 1 g/kg of body weight/day resulted in better
physical strength, compared to patients with lower intake [42]. Ensuring sufficient intake
of vitamins, and in particular vitamin D, is also an important strategy to prevent frailty and
muscle strength loss. Together with vitamin D, monitoring of vitamin B12, and consequent
replacement whenever necessary, is suggested, since vitamin B12 deficiency is frequent
among diabetic patients, especially when treated with Metformin, particularly in the more
advanced age stages [43,44].

The risk of frailty and sarcopenia is also increased by high intake of saturated fatty
acids; on the contrary, polyunsaturated fatty acids (PUFAs), and in particular omega-3
fatty acids, reduce plasma triglyceride levels, as well as oxidative markers, and was proven
effective in improving muscle strength, grip and gait speed [42].

Together with diet and weight control, physical activity has to be considered a funda-
mental core feature to ensure healthy ageing, not only for diabetic patients. Of particular
importance is the maintenance of balance and muscle strength, to avoid falls and fractures
and preserve independence in the activities of daily living [45]. Even though several
training programs have been tested and proven useful, their systematic use in clinical
practice is still lacking [45]. Natovich et al. conducted a feasibility study to test the effi-
cacy of multidisciplinary intervention carried out by a team of diabetic nurse, dietitian,
diabetes specialist, neuropsychologist and physiotherapist in older diabetic patients with
reduced cognitive performance [46]. In their study, the intervention group went through
an intensive phase, with weekly meetings for cognitive and physical training as well as
tasks to conduct at home, and a consolidation phase, with monthly meeting to discuss
implementation of the strategies. Aerobic capacity, balance and risk of fall indices were
improved after only months, with some persisting at 12 months [46].

Functionally independent older adults should be encouraged to perform moderate
aerobic activity of at least 30 min for 5 days each week [17,18,25,26]. Prior to physical
activity, exercise capacity, blood pressure and heart rate should be evaluated, and further
test should be performed in patients at high risk of cardiovascular disease.

In addition to the lifestyle changes, diet and exercise, the education of patients and
caregivers for a successful self-management of diabetes should be regarded as a goal and
as an actual part of the therapy and has been widely recommended [1,47]. Educational
programs have been set up over the last few years, and included in national guidelines,
with further implementation for relatives’ education, such as the DiaLife program [47].
In UK, the DESMOND (Effectiveness of the diabetes education and self-management for
ongoing and newly diagnosed) program was designed to educate people with newly
diagnosed diabetes and to evaluate the possible advantages in lifestyle, psychological,
social and biochemical measures, vs. standard care [48]. The program’s advantages were
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seen in terms of improvement in lifestyle and perception of the disease, but not in glycated
hemoglobin values [48]. Very recently, the feasibility of the program was extended to
low-to-middle income countries, and the results were promising [49], underlying how
important a systematic approach would be in general practice.

Diabetes and sleep are intricately connected, and sleep disturbances appear to play
a role in the development of T2DM. Over the last decade, several studies have examined
the association between sleep quantity and/or quality with glycemic control in patients
with T2DM. Poor sleep habits and sleep disorders, as well as altered sleep duration, are
associated with higher HbA1c levels among adults with type 2 diabetes [50,51]. A recent
meta-analysis examined the correlation between sleep duration and risk for type 2 diabetes.
Both short and long sleep duration have been linked to poor health outcomes and to a
significantly increased risk of type 2 diabetes, suggesting a possible role of sleep distur-
bances in the pathophysiological changes predisposing to diabetes [52,53]. In observational
studies, insufficient sleep duration and/or sleep disorders such as insomnia and obstruc-
tive sleep apnea have all been associated with higher risk of type 2 diabetes. Beyond the
duration of sleep, the timing of sleep (morningness or eveningness chronotypes), con-
trolled by the circadian clock and depending on genetic and age-related factors, also has a
significant impact in T2DM development [54].These findings underscore the importance of
appropriate sleep duration in the delay or prevention of type 2 diabetes.

Nowadays, more and more older people are still working, since retirement age has
increased over the past decades. While working at older age has been shown to have
benefits on mental health, the stress of undertaking work shifts can affect overall wellbeing.
Stress due to work is believed to play a crucial role in influencing metabolic problems
and could affect glycemic control [55]. Chronic exposure to stressors over-activates the
hypothalamic-pituitary-adrenal (HPA) axis and increases counter regulatory hormone
response, increasing the risk of T2DM [56]. Recognition of psychosocial factors and stress
management intervention programs should be part of a comprehensive approach to T2DM.

General psychological distress, including isolation-induced depression, is common in
elderly patients with diabetes and is strongly associated with nonadherence to diabetes
self-care. Patients with increased levels of depression often present with social withdrawal,
disruption from important activities and treatment nonadherence, leading to worse diabetes
clinical outcomes. Current research suggests that the relationship between depression and
diabetes is bidirectional, so that the risk of developing depressive symptoms is increased in
people with diabetes and people with depression also have an increased risk of developing
diabetes, suggesting that the treatment of both illnesses should be undertaken to decrease
suffering and additional complications [57–60].

4. Pharmacologic Therapy

Lifestyle changes may be insufficient to achieve adequate glycemic control, therefore
pharmacological therapy should be started.

4.1. Metformin

The biguanide metformin is indicated as first-line therapy for the treatment of type
2 diabetes at any age. It acts by inhibiting gluconeogenesis in the liver and increasing
peripheral insulin sensitivity. Compared with sulfonylureas, metformin is effective and
safer, presenting a reduced risk of adverse events such as hypoglycemia. Nevertheless,
its use has been discouraged in patients with chronic kidney disease, hepatic impairment
and congestive heart failure due to increased risk for lactic acidosis, though this is a rare
condition [11,17,61,62]. Metformin may be safely used in patients with preserved renal
function (1000 mg/day the maximal suggested dose) but is contraindicated in case of
estimated glomerular filtration rate (eGFR) less than 30 mL/min. In addition, it can be
initiated when eGFR is 45–60 mL/min and can be continued when eGFR is 30–45 mL/min,
although with a maximal suggested dose of 1000 mg/day [17,61]. Metformin may be
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temporarily discontinued before procedures, during hospitalizations, and when acute
illness may compromise renal or liver function.

Adverse effects are common and mainly involve the gastrointestinal tract with bloat-
ing, abdominal discomfort and diarrhea, which could be mitigated by gradual dose titration.
Additionally, metformin can cause appetite reduction, determining involuntary weight
loss, which clearly represents a benefit for individuals with metabolic syndrome, obesity
and insulin resistance, but could also be problematic for some older adults. Although
metformin seems to be a safe agent with regard to the risk of unintentional weight loss
in the population aged 60 years and older, it could affect nutritional status, especially in
patients with malnutrition and/or frailty [63,64].

Reduction or elimination of metformin may be necessary for patients experiencing
persistent gastrointestinal side effects. The use of metformin has also been associated
with vitamin B12 deficiency, so periodic testing of vitamin B12 levels should be performed
especially in older people on long-term metformin therapy [64–67].

As a matter of fact, metformin, either in monotherapy or in combination with other
glucose-lowering medications, is generally well tolerated, and the improved glycemic
control seems to be associated with decreased total serum cholesterol and serum LDL
cholesterol, cardiovascular benefits and lower risk for all-cause mortality in elderly diabetic
populations [68,69]. Moreover, metformin has lower cardiovascular risk, compared to
sulfonylurea [70].

4.2. Insulin Secretagogues: Sulfonylureas and Glitinides

Sulfonylureas (SUs) and glitinides are the oldest class of oral antihyperglycemic drugs,
still commonly used in clinical practice. They work by increasing insulin secretion in pan-
creatic β-cells, binding ATP-sensitive Potassium (KATP) channels of plasma membranes.

SUs and other insulin secretagogues are associated with high rates of hypoglycemia
and major weight gain, thus they should possibly be avoided and used with caution in
geriatric populations. Short-acting SUs such as gliclazide should be preferred as safer option,
especially in patients with renal impairment, while long-acting sulfonylureas should definitely
be avoided in older people, due to their higher risk of hypoglycemia [17,71–73].

4.3. Thiazolidinediones

Thiazolidinediones (TZDs), such as rosiglitazone and pioglitazone, are an oral insulin-
sensitizing glucose-lowering medication, acting as agonists of the peroxisome proliferator-
activated receptor γ (PPARγ).

The most important side effects are weight gain and fluid retention, therefore their
use has been widely limited, given the high prevalence and incidence of heart failure and
chronic kidney disease in patients with diabetes mellitus [11,17,61].

Thiazolidinediones have also been associated with loss of bone mineral density (BMD)
and increased risk of non-osteoporotic bone fractures, thus further limiting their use in the
older populations [74]. These drugs, indeed, activate mesenchymal stem cells and promote
preferential differentiation into adipocytes in the bone marrow, reducing differentiation rate
of osteoblast precursors cells [75]. Thus, if used at all, thiazolidinediones should be used
very cautiously in those patients with or at risk for congestive heart failure, osteoporosis
and/or falls or fractures.

4.4. Incretin-Based Therapies

Incretins are a group of hormones released by gut after nutrient ingestion that promote
glucose-dependent insulin secretion, glucagon inhibition, delay in gastric emptying and
appetite reduction. Glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP) are the most important incretins and they are rapidly inactivated by
dipeptidyl peptidase-4 (DPP-4) [76–78]. Given their biological action, incretins have become
an attractive target for the treatment of T2DM and this has led to the development of DPP-4
inhibitors and degradation-resistant GLP-1-receptor (GLP-1R) agonists.
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4.5. Dipeptidyl Peptidase-4 Inhibitors

Dipeptidyl peptidase-4 (DPP-4) inhibitors are generally well tolerated in older adults. They
can be administered once daily, have few side effects and low risk of hypoglycemia [78–83].

DPP-4 inhibitors have proven to be safe in terms of cardiovascular (CV) events,
CV death and all-cause mortality [82–85]. Several concerns have been raised about the
increased risk of hospitalization for heart failure (HF); in particular the SAVOR-TIMI
53 [84] trial reported a significant increase in hospitalizations for HF in patients treated
with saxagliptin (3.5 vs. 2.8%; HR 1.27; 95% CI 1.07–1.51; p = 0.007). An increased risk was
also found with alogliptin in patients with no previous history of HF in a post-hoc analysis
of the EXAMINE trial [86] while the TECOS [82], VIVIDD [87] and CARMELINA [88]
trials showed no increased risk in patients receiving, respectively, sitagliptin, vildagliptin
and linagliptin.

DPP-4 inhibitors have also been associated with higher risk of pancreatitis [89,90]
though a recent meta-analysis failed to detect any relation to pancreatitis, even if it cannot
be excluded in patients at higher risk (history of pancreatitis, alcohol abuse, hypertriglyc-
eridemia, etc.) [91]. Pharmacovigilance reports suggested an association also with pan-
creatic cancer [89,90]; nevertheless available data, although insufficient because of limited
duration of trials, seem to exclude such relationship [91–93].

DPP-4 inhibitors are able to lower HbA1c levels by 0.5–0.8% [94–96], therefore monother-
apy may be used in patients with HbA1c value close to the target.

The most widely used dual combination is the one with metformin; however, DPP-4
inhibitors can also be added to metformin and Sodium-glucose Cotransporter-2(SGLT-2)
inhibitors or to metformin and insulin. Concomitant use of DPP-4 inhibitors and GLP-1R
agonists is not recommended due to scant synergistic effects [97].

4.6. Glucagon-like Peptide 1 Receptor (GLP-1R) Agonists

GLP-1R agonists are highly effective, capable of lower HbA1c by 1–1.8% [98,99] and
well tolerated in older adults without causing hypoglycemia when used in monother-
apy [98–104].

Several trials demonstrated cardiovascular benefits. In the Harmony Outcomes study,
the addition of albiglutide to standard care versus placebo reduced the risk of major
cardiovascular events (MACE) by 22% [105]. In the LEADER trial, liraglutide reduced
the risk of MACE by 13% [106] and a subsequent post-hoc analysis showed a 34% risk
reduction of MACE in patients 75 years or older [107]. Semaglutide and dulaglutide were
also associated with decreased risk of cardiovascular events, as reported in the SUSTAIN-
6 [108] and REWIND [109] trials. Oral semaglutide had similar results to placebo in terms
of CV outcomes [110]; neutral effect on cardiovascular outcomes were also described in
the ELIXA trial, investigating the effect of lixisenatide in patients with T2DM and recent
acute coronary event (within 180 days) [111]. Similarly, the EXSCEL trial showed that the
incidence of MACE did not differ significantly between patients treated with exenatide
compared to placebo [112]. However, a recent meta-analysis reported that treatment with
GLP-1R agonists reduces MACE by 12% (HR 0.88, 95% CI 0.82–0.94; p < 0.0001) [113]. In
terms of renal outcomes, this class of drugs have proven to lower kidney events, mainly
reducing macroalbuminuria, although there was a nonsignificant effect of GLP1-R agonists
on the risk of doubling serum creatinine [114].

While the evidence for this class in older patients continues to grow, there are several
practical issues that should be considered. GLP-1R agonists are administered through
injection (except for oral semaglutide), therefore older adults with impairment of vision,
functional or cognitive status could experience some difficulties; on the other hand, the
once-weekly formulation could be a valid option. Moreover, they are related to nausea and
weight loss, in particular at the beginning of the treatment, hence are not suitable for frail
malnourished patients [17].
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4.7. Sodium-Glucose Cotransporter 2 Inhibitors

Sodium-glucose cotransporter 2 inhibitors (SGLT2-i) represent a novel class of oral
anti-diabetic agents, emerging as an important therapeutic option for the management
of type 2 diabetes. SGLT-I inhibitors act by inducing glycosuria, and consequently os-
motic diuresis, by inhibiting the cotransport of glucose coupled with sodium in the renal
proximal tubules; the glucose excreted acts as a non-reabsorbable substance under SGLT2
inhibitors’ administration [115]. Due to this mechanism, SGLT2-i lower blood glucose
levels independently of insulin, resulting in reduced insulin secretion. A recent review
showed that the use of SGLT2-i in type 2 diabetes had major advantages in terms of insulin
dose reduction [116].

Nevertheless, the diuretic action induced by SGLT2-i is actually mainly based on
secondary inhibition in the loop of Henle. In order to keep the tubular fluid isotonic to
blood, water is reabsorbed from the proximal tubules, which are highly permeable to water,
while the reabsorption of sodium and chloride proceeds through the proximal tubules with
different multiple mechanisms, even after the administration of SGLT2 inhibitors. The
proximal tubular fluid is transferred to the loop of Henle with a progressively reduced
concentration of sodium and chloride, resulting in a significant inhibition of reabsorption
due to a decrease in chloride concentration, probably because chloride plays an essential
role in the functioning of sodium-chloride-potassium cotransporters (NKCC) [117,118].

Basically, SGLT2 inhibitors act as loop diuretics reducing body fluid volume, which
may partly explain their cardiovascular benefits. In addition to glycemic control, SGLT2-i
have been reported to decrease the risk of cardiovascular events and mortality, primarily
through reduction of heart failure development or progression [119,120].

SGLT2 inhibitors induce plasma volume contraction without activation of the sympa-
thetic nervous system; moreover, they reduce arterial stiffness and improve endothelial
function. Natriuresis and vascular stiffness reduction are probably the most significant
mediators responsible for the antihypertensive effects of SGLT2-i. Finally, SGLT-2 inhibitors
induce oxidation of β-hydroxybutyrate, reduce oxygen consumption and increase oxygen
delivery, improving the efficiency of myocardial energetics [116,121–123].

Clinically available SGLT2-inhibitors are canagliflozin, dapagliflozin and empagliflozin.
New emerging data show they are associated with beneficial effects on cardiovascular
events even in older adults [11,124]. The EMPA-REG OUTCOME trial reported positive
cardiovascular outcomes in patients with diabetes at high risk for cardiovascular events
receiving empagliflozin in addition to standard therapy, showing a significant reduction in
cardiovascular mortality and hospitalization for heart failure [125–127].

Dapaglifozin appears to reduce the risk of hospitalization for heart failure, cardiovas-
cular death and major adverse cardiovascular events in patients with previous myocardial
infarction (MI), as shown in a sub-analysis from the DECLARE-TIMI 58 trial [128,129].
Moreover, dapagliflozin appears to reduce weight, blood pressure and urinary albu-
min/creatinine ratio (UACR) in patients with type 2 diabetes, albuminuria and moderate
renal impairment [130,131]. In two sister trials involving more than 10,000 patients with
type 2 diabetes and established cardiovascular disease or at high cardiovascular risk, i.e.,
the CANVAS and CANVAS-R trials, canaglifozin treatment was associated with lower
rates of death from cardiovascular causes, nonfatal myocardial infarction, and nonfatal
stroke, compared to the placebo group, but with an elevated risk of amputation [132–135].
Finally, increased renal protection with reduced kidney function decline was also observed
in the CANVAS studies, as also reported with empagliflozin and dapagliflozin [135].

Since SGLT2 inhibitors show excellent results in the treatment of diabetes mellitus
while also reducing cardiovascular events and death, overall they represent a promising
novel therapeutic option for elderly patients [11,26,136]. Indeed, the stratified analyses of
the trials of this drug class indicate that older patients have similar or greater benefits than
younger patients.

The main adverse effects are generally mild urogenital infection, candidiasis risk
and polyuria. In addition, an increased risk of fracture was observed with canagliflozin



Endocrines 2021, 2 532

treatment, especially in those with high risk of cardiovascular disease and lower filtration
rate, probably due to increased urine calcium excretion [136]. Overall, the safety profile
of SGLT2i is good, especially because of its oral route of administration, lower risk of
hypoglycemia and good tolerability.

As new evidence on cardiac and renal benefits related to SGLT-2 inhibitors and GLP-1R
agonists has started to emerge, guidelines have markedly shifted their recommendations,
although side effects such as volume depletion may be more common among older patients.
Overall, metformin remains the cornerstone of T2DM treatment and both American Dia-
betes Association [61] and the European Association for the study of Diabetes (EASD) [136]
suggest that the add-on therapy should be based on evaluation of cardiovascular disease,
chronic kidney disease and heart failure. For patients with established CV disease, they
now advise the use of either a SGLT-2 inhibitor or GLP-1R agonist with proven cardiovas-
cular benefit. For those with HF the early use of a SGLT-2 inhibitor with proven benefit is
recommended. Finally, for those with chronic kidney disease, a SGLT-2 inhibitor should
be preferred or, if not tolerated or contraindicated, a GLP-1R agonist should be started.
Table 2 summarizes oral T2DM treatments, contraindications and possible side effects.

Table 2. Oral antidiabetic agents: contraindications and side effects.

Class/Drug Risk of
Hypoglycemia Contraindications Major Side Effects and

Warnings

Metformin no eGFR < 30 mL/min
Bloating, abdominal

discomfort, diarrhea, vitamin
B12 deficiency, weight loss

DPP-4 inhibitors no

Potential risk of pancreatitis,
potential slight increased risk

for heart failure with
saxagliptin and alogliptin

GLP-1R agonists no
Not suitable in frail

malnourished
patients

Potential risk of pancreatitis,
nausea, diarrhea, weight loss

SGLT2 inhibitors no Less effective with
eGFR < 60 mL/min

Genital infections, increased
risk of diabetic ketoacidosis

Sulphonyl-ureas
and glinides yes

Increased risk of
hypoglycemia, major weight

gain

Thiazolidinediones no
Not suitable in

patients with heart
failure

Weight gain, fluid retention,
loss of bone mineral density,

increased risk of
non-osteoporotic bone

fractures
Abbreviations. eGFR: estimated glomerular filtration rate. DPP-4: Dipeptidyl peptidase-4. GLP-1: Glucagon-like
peptide 1. SGLT2-i: Sodium-glucose Cotransporter-2 inhibitors.

4.8. Insulin Therapy

Lifelong insulin treatment remains the cornerstone of management of type 1 diabetes,
where slow destruction of pancreatic β-cell occurs with loss of function and insulin de-
ficiency, providing the best combination of effectiveness and safety. Insulin therapy is
usually initiated in older patients with type 2 diabetes, often added on top of oral agents
when the glycemic control is not sufficient. On the other hand, a strict glycemic control
may increase the risk of adverse events, such as hypoglycemia and falls [137].

The optimal management of diabetes in the elderly is more complicated than in their
younger counterparts because of the heterogeneity and the unique characteristics of these
patients; thus, a careful consideration of concomitant geriatric syndromes and chronic
conditions is needed. Functional status, cognitive decline, comorbid illnesses and patient’s
setting should be considered while choosing insulin as the most appropriate therapeutic
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regimen for older people with diabetes [61]. Insulin treatment in the elderly has been
limited because of the risks associated to its use, including hypoglycemia and risk of falls.
For patients with life-limiting comorbid illnesses and limited functional status, multiple
daily injection of insulin may be too difficult to manage. Patients and caregivers should
be educated to understand insulin injection and to recognize and manage hypoglycemia.
Insulin pen devices are recommended for patients with limited manual ability or visual
impairment, in order to facilitate insulin dosing, maintain their independence and facilitate
patient adherence to therapy [17,61].

Long-acting insulin analogues (insulin detemir and glargine) are associated with
minimal side effects and may represent the most reasonable choice for basal insulin therapy
in elderly patients. After injecting, they form a slowly absorbed precipitate in the subcu-
taneous tissue, determining their long half-life. A once-daily approach would provide a
modest peak in insulin availability, coinciding with the main meal of the day, minimizing
the risk of nocturnal hypoglycemia [135,138,139]. Thus, once-daily basal insulin injection
therapy may be a reasonable option in many older patients.

5. Conclusions

Diabetes is an increasingly prevalent disease among older adults, representing a tough
challenge for the physician, due to the high heterogeneity of this population. The onset of
diabetes in the older population may be unrecognized, due to nonspecific symptoms and
other concomitant chronic diseases, usually characterizing geriatric syndromes. Advanced
age, together with malnutrition and/or weight loss, reduced physical activity, isolation,
and depression may be responsible for increased rate of complications due to unrecognized
hyper or hypoglycemia. Given this, managing diabetes in older age groups remains an
important clinical challenge for all physicians, either primary care providers or specialists;
considering frailty and/or multiple comorbidities, therapeutic intervention has to be
individualized and the patient-centered glycemic target is needed. The targeted approach
is necessary to achieve glycemic control, avoiding dangerous hypo- and hyperglycemic
events and, therefore, favoring healthy aging. Lifestyle changes, with particular attention
to diet and physical activity, must be encouraged as a first therapeutic approach. A
comprehensive geriatric assessment should be performed at diagnosis of diabetes to better
understand cognitive, visual and motor abilities, and coexisting comorbidities. In the
choice of anti-hyperglycemic strategies, drugs with proven tolerability, safety, and minimal
hypoglycemic risk should be preferred. Anti-diabetes treatment regimens in the elderly
must be simple, sustainable and safe to best mirror patients’ preferences, wishes, and needs.
In conclusion, a comprehensive geriatric assessment has become crucial for the optimal
management of T2DM; more attention should be focused on functional and cognitive
status as well as social environment. Screening for traditional diabetes complications and
geriatric issues (polypharmacy, falls, delirium, malnutrition, urinary incontinence, etc.)
should be regularly performed. Treatment targets need to be outlined based on the kind of
drug prescribed and overall function in order to avoid both hypo- and hyperglycemia, to
reduce the incidence of complications and to prevent or, at least, delay disability.
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