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Abstract

Type two diabetes mellitus (T2DM) represents a chronic condition with increasing prevalence
worldwide among the older population. T2DM condition increases the risk of micro and
macrovascular complications as well as the risk of geriatric syndromes 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 glycate haemoglobin 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 cathegorized in 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
the 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 therapies are
available, with different mechanism of action and potential effect other than glucose level reduction.
Particular interest is growing around sodium-glucose cotransporter-2 inhibitors, due to their effect
on the cardiovascular system. In this review we evaluate the therapeutic options available for the
treatment of older diabetic patients, to ensure a correct treatment approach.
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1. Introduction

The prevalence of type 2 diabetes mellitus (T2DM) among the older people is growing in relation to
global population ageing. 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
milion 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 complications [2], older
adults with diabetes are also at greater risk of geriatric syndromes compared to not diabetic. As a
matter of fact, due to pain, impaired vision, motor and sensory neuropathy, T2DM is associated
with 64% increased risk of falls (in particular for patients treated with hypoglicemic drugs like
insulin)[3], and fragility fractures[4].

Older people with T2DM are more likely to develop cognitive impairment, ranging from mild
cognitive impairment (MCI) to overt dementia[5], and both hypo- and hyperglycemia seem to be
related to neurocognitive dysfuncion[6,7].
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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, polipharmacy and, often, inadequate hydratation
and nutrition, have a negative impact on older adults’” functional status, leading to higher risk of
disability and institutionalisation[2,8,9,11].

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 be always performed in
order to assess the best therapeutic approach.

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,
randomised clinical trials, reviews and abstracts in English published within the last 10 years were
selected and reviewed. We also included current guideline recommendations.

Type 2 Diabetes Mellitus: treatment targets

Despite the heavy social and economic burdens, older diabetic population (especially the ones with
higher degree of frailty) was historically underrepresented in clinical randomized trials[12-14].
Though, in the last 15 years, several organisations have endorsed the concept of tailoired diabetes
care on the basis of functional status, life-expectancy and risk of drug-induced hypoglicemia.

The glycated hemoglobin (HbAlc) level generally recommended in older adults receiving
antidiabetic drugs not associated with hypoglycemia is <7 — 7.5%, similar to that advised for
younger people according to the current standards of care of the American Diabetes Association
(ADA)[15], to the guidelines of the International Diabetes Federation (IDF)[16] and to the position
paper developed by Italian Diabetes Society (SID) and Italian Society of Gerontology and
Geriatrics (SIGG)[17].

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

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 HbAlc <7 - 7.5%, fasting or
preprandial 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, andmay benefit from less stringent glycemic control (HbAlc < 8%,
fasting or preprandial glucose 90-150 mg/dL, bedtime glucose 100-180 mg/dL).

The last group is composed by 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 (avoid reliance on
HbAl1c, fasting or preprandial glucose 100-180 mg/dL, bedtime glucose 110-200 mg/dL).
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Some patients will not fit into a particularly 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[15].
Similarly to ADA, IDF identified three main categories of older adults with diabetes. The first one
is characterized by people functionally independent with a HbAlc 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 HbAlc is 7 — 8% up to 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)[16]. Treatment
goals according to patients” functional status and guidelines is summarised in Table 1.

Partially at odds with the above described guidelines, beside assessing frailty status, the position
statement developed by SID and SIGG suggests to tailor glycemic target on the basis of the chosen
antidiabetic aiming for HbAlc < 7% when using drugs with low potential of hypoglycemia
(metformin, gliflozins, incretin-based drugs and acarbose), which should be be always considered
the preferred first line drugs for older people. If the use of antidiabetic drugs with high risk of
hypoglycemia is required (sulfonylureas, repaglinide, insulin) a less restrictive target should be
pursued (HbAlc up to 8% for patients with impaired functional and cognitive status)[17].

It is extremely important, however, to consider the potential limitations of HbA1lc. Even though the
measurement of HbAlc 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, glucose fingerstick or continuous glucose monitoring (CGM) should be
used[18].

In order to improve clinical outcomes, educational programs should be patient- and caregiver-
centered. Information and instructions should be always given in clear and simple way. Patients
and caregivers should be trained to recognize signs and symptoms of hypoglycemia and should be
encouraged to always 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 through telemedicine[16,17,19].

T2DM treatment options in older patients

Lifestyle changes

Similarly to younger patients, lifestyle modification represents the first-line treatment of T2DM in
older adults[15,16,20,21].

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 for the obesity surge as well. However, the
increased visceral obesity, rather than the higher BMI, seems to be related to T2DM
development[22]. Diet is certainly one of the most involved factors in T2DM development; as a
general view, plant food or low energy density food are less associated with diabetes compared to
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meat and high density energy food; refined grains and sugar sweetened drinks are associated with
higher risk of diabetes, and nuts daily consumption seems to be somehow protective [22] . The
studies aiming at investigating the 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 the eating habit and lose weights as a possible “study effect” [22]. Unfortunately,
poor compliance has been seen in long-term studies, but few studies have been conducted with
interesting results. In particular, the PREDIMED trial compared the Mediterranean diet
supplemented with either olive oil or nuts compared to low fat diet [23]. After 4 years, the
progression to T2DM in the Mediterranean diet was 50% of that of the low fat diet control group
[23]. The study, which did not have any weight loss requirement or outcome, suggested that some
components of the Mediterranean diet would help decreasing the risk of developing diabetes.
Nutritional status should always be assessed on admission and 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. Patients with
a higher degree of frailty should follow a diet rich in protein and energy to prevent malnutrition
and weight loss.

Strict dietary restrictions should be avoided in older adults with severe comorbidities and cognitive
or functional disability[15,16,21]. Spreading carbohydrates throughout the day may be a reasonable
strategy in order to reduce blood glucose spikes.

Functionally independent older adults should be encouraged to perform moderate aerobic activity
of at least 30 minutes for 5 days each week[15,16,20,21]. 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. Low intensity home-based exercise plan should be suggested
to functional dependent patients in order to improve physical performance, flexibility and
balance[16].

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

Metformin

The biguanid metformin is indicated as first-line therapy for the treatment of type 2 diabetes at any
age. It acts inhibiting gluconeogenesis in the liver and increasing peripheral insulin sensitivity.
Compared with sulfonylureas, metformin is effective and more safe, presenting a reduced risk of
adverse events such as hypoglycaemia. 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 it is a rare condition[11,15,24,25]. 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 eGEFR is 45-60 ml/min and can be continued when eGFR is 30-45 ml/min, although
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with a maximal suggested dose of 1000 mg/day[15,24]. Metformin may be temporarily discontinued
before procedures, during hospitalizations, and when acute illness may compromise renal or liver
function.

Adverse effects are common and mainly involve gastrointestinal tract with bloating, abdominal
discomfort and diarrhea, which can be mitigated by gradual dose titration. Additionally, metformin
can cause a reduction in appetite involuntary weight loss, which can be problematic for some older
adults. 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[26-28].

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[29,30].

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 pancreatic (3-cells,
binding ATP-sensitive Potassium (KATP) channels of plasma membranes.

SUs and other insulin secretagogue are associated with high rates of hypoglycaemia and major
weight gain, thus they should be possibly avoided and used with caution in the 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 hypoglycaemia[15,31-33].

Thiazolidinediones

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

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[11,15,24].

Even if the pathological mechanism remains unclear, 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[34]. 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.

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)[35,36].
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Given their biological action, incretins have become an attractive target for the treatment of T2DM
and this led to the development of DPP-4 inhibitors and degradation-resistant GLP-1-receptor
(GLP-1R) agonists.

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[37-42].

DPP-4 inhibitors have proven to be safe in terms of cardiovascular (CV) events, CV death and all-
cause mortality [41-44]. Several concerns have been raised about the increased risk of
hospitalisation for heart failure (HF), in particular the SAVOR-TIMI 53[42] trial reported a
significant increase in hospitalisations 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[45] while the TECOS[41],
VIVIDD[46] and CARMELINA[47] trials showed no increased risk in patients receiveing,
respectively, sitagliptin, vildagliptin and linagliptin.

DPP-4 inhibitors have also been associated with higher risk of pancreatitis[48,49] though a recent
meta-analysis failed to detect any relation to pancreatits, even if it cannot be excluded in patients at
higher risk (history of pancreatitis, alcohol abuse, hypertriglyceridemia, etc)[50]. Pharmacovigilance
reports suggested an association also with pancreatic cancer[48,49] nevertheless available data,
although insufficient because of limited duration of trials, seem to exclude such relationship[50-52].
DPP-4 inhibitors are able to lower HbA1c levels by 0.5-0.8%[53-55], therefore monotherapy may be
used in patients with HbA1lc 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[56].

Glucagon-like peptide 1 receptor (GLP-1R) agonists

GLP-IR agonists are highly effective, capable of lower HbAlc by 1% up to 1.8%[57] and well
tolerated in older adults without causing hypoglycemia when used in monotherapy[58-63].
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%[64]. In the LEADER trial, liraglutide reduced the risk of MACE by 13%[65] and a
subsequent post-hoc analysis showed a 34% risk reduction of MACE in patients 75 years or older[66].
Semaglutide and dulaglutide were also associated with decreased risk of cardiovascular events, as
reported in the SUSTAIN-6[67] and REWIND[68] trials. Oral semaglutide resulted similar to
placebo in terms of CV outcomes[69]; 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)[70]. Similarly, the EXSCEL trial showed that the incidence of
MACE did not differ significantly between patients treated with exenatide compared to placebo[71].
However, arecent 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)[72]. In terms of renal outcomes, this class of drugs have
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proven to lower kidney events, mainly reducing macroalbuminuria, although there was a
nonsignificant effect of GLP1-R agonists on the risk of doudbling serum creatinine[73].

While the evidence for this class for older patients continues to grow, there are a number of practical
issues that should be considered for older patients. 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 th 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 they are not suitable for frail malnourished
patients[15].

Sodium-glucose cotransporter 2 inhibitors

Sodium-glucose cotransporter 2 inhibitors (SGLT2-i) represent a novel class of oral anti-diabetic
agents, emerged as an important therapeutic option for the management of type 2 diabetes. SGLT-
I inhibitors act inducing glycosuria, and consequently osmotic diuresis, by inhibiting the cotran-
sport of glucose coupled with sodium in the renal proximal tubules; the glucose excreted, acts like
a non-readsorbible substance under SGLT2 inhibitors administration[74]. Due to this mechanism,
SGLT2-i lower blood glucose levels independently of insulin, resulting in insulin secretion reduced.
A recent review showed that the use of SGLT2-i in type 2 diabetes on insulin had major advantages
in terms of insulin dose reduction[75].

Nevertheless, the diuretic action induced by SGLT2-i is actually mainly based on secondary inhibi-
tion 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 for the functioning of sodium-chloride-potassium cotransporters
(NKCCQ)[76,77].

Basically, SGLT2 inhibitors act as the loop diuretics reducing body fluid volume that may partly
explain their cardiovascular benefits. In addition to glycaemic control, indeed, SGLT2-i have been
reported to decrease the risk of cardiovascular events and mortality, primarily through reduction
of heart failure development or progression[78,79].

SGLT?2 inhibitors induce plasma volume contraction without activation of the sympathetic 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 antihy-
pertensive effects of SGLT2-i. Finally, SGLT-2 inhibitors induce oxidation of 8-hydroxybutyrate,
reduce oxygen consumption and increase oxygen delivery, improving the efficiency of myocardial
energetics[75,80-82].

Clinically available SGLT2-i are canagliflozin, dapagliflozin and empagliflozin. New emerging data
show they are associated with beneficial effects on cardiovascular events even in older adults[11,83].
The EMPA-REG OUTCOME trial reported positive cardiovascular outcomes in patients with dia-
betes at high risk for cardiovascular events receiving empagliflozin in addition to standard therapy,
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showing a significant reduction in cardiovascular mortality and hospitalization for heart failure[84—
86].

Dapaglifozin appears to reduce the risk of hospitalization for heart failure, cardiovascular death
and major adverse cardiovascular events in patients with previous myocardial infarction (MI), as
shown in a subanalysis from the DECLARE-TIMI 58 trial[87,88]. Moreover, dapagliflozin appears
to reduce weight, blood pressure and urinary albumin/creatinine ratio (UACR) in patients with type
2 diabetes, albuminuria and moderate renal impairment[89,90]. In two sister trials involving more
than 10,000 patients with type 2 diabetes and established cardiovascular disease or at high cardio-
vascular risk, 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 an elevated risk of amputation[91-94]. Finally, increased
renal protection with reduced kidney function decline was also observed in the CANVAS studies,
as also reported with empagliflozin and dapagliflozin[94].

Since SGLT?2 inhibitors are giving excellent results in the treatment of diabetes mellitus also reduc-
ing cardiovascular events and death they, overall, represent a promising novel therapeutic option
for elderly patients[11,21,95]. 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 treatment, especially in those
with high risk of cardiovascular disease and lower filtration rate, probably due to increased urine
calcium excretion[96]. Overall, the safety profile of SGLT2i is good, especially because of oral route
of administration, lower risk of hypoglycaemia and good tolerability.

As new evidences on cardiac and renal benefits related to SGLT-2 inhibitors and GLP-1R agonists
started to emerge, guidelines markedly shifted recommendations, although side effects such as vol-
ume depletion may be more common among older patients. Overall, metformin remains the
cornerstone of T2DM treatment and, both American Diabetes Association [24] and the European
Association for the study of Diabetes (EASD)[97] 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 cardiovascular 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 controindicated, a GLP-1R agonist should be started.

Table 2 summarizes oral T2DM treatments, contraindications and possible side effects.

Insulin therapy

Lifelong insulin treatment remains the cornerstone of management of type 1 diabetes, where slow
destruction of pancreatic 3-cell occurs with loss of function and insulin deficiency, 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, like
hypoglycemia and falls[96].
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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 chosing insulin as the most appropriate therapeutic regimen for older people with
diabetes[24]. 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[15,24].

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 subcutaneous tissue, determining
their long half-life. 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[95,98,99].
Thus, once-daily basal insulin injection therapy may be a reasonable option in many older patients.

Conclusions

Diabetes is an increasingly prevalent disease among the older adults, representing a tough challenge
for physician, due to the high heterogeneity of such population. The onset of diabetes in the older
population may be unrecognised, due to non specific symptoms and the concomitant other chronic
diseases, usually characterising geriatric syndromes. The advanced age, together with malnutrition
and/or weight loss, reduced physical activity, isolation, depression may be responsible for increased
rate of complications due to unrecognised hyper or hypoglicemia. Given that, managing diabetes
in older age remains an important clinical challenge for all physicians, either primary care providers
or specialists; considering frailty and/or multiple comorbidities, the 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, favouring a 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 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 on the basis of the kind of drug
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prescribed and the 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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Table 1. Treatment goals for glycemia in older adults with diabetes

Healthy (few coexisting chronic
illnesses, intact cognitive and
functional status), long life ex-

pectancy

Complex/intermediate
(multiple coexisting
chronic illnesses, func-
tional impairments, mild

to moderate cognitive

Very complex/poor health (long-
term care or end-stage chronic ill-
nesses, moderate to severe cogni-
tive impairment), approaching to
end of life

impairment)
ADA HbAlc <7-7.5% HbAlc < 8% Avoid symptomatic hypo- and hy-
2021[100] Fasting glucose 80-130 mg/dL.  Fasting glucose 90-150  perglycemia
Bedtime glucose 80-180 mg/dL  mg/dL Avoid reliance on HbAlc
Bedtime glucose 100- Fasting glucose 100-180 mg/dL.
180 mg/dL Bedtime glucose 110-200 mg/dL
IDF [16] HbAlc 7-7.5% HbAlc 7-8% Avoid symptomatic hypo- and hy-
perglycemia, consider withdrawal
of therapy
SID/SIGG In the older diabetic patients, the glycemic targets should be targeted basing on the drug chosen
[17] and the potential risk of hypoglycemia.

HbA1c < 7% when using drugs with low potential of hypoglycemia (metformin, gliflozins, in-

cretin-based drugs and acarbose)

HbAlc 7-7.5% when the use of drugs with high potential of hypoglycemia (insulin, sulfonylu-

reas) is necessary;

HbAlc 7.5%-8% as above, in patients with higher degree of frailty (cognitive impairment, serious

T2DM complications, polypathology)

Abbreviations. T2DM: Type 2 Diabetes Mellitus. ADA: American Diabetes Association. SID: Italian Diabetes
Society. SIGG: Italian Society of Gerontology and Geriatrics. HbAlc: glycated hemoglobin.
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Table 2. Oral antidiabetic agents: contraindications and side effects

Class/drug Risk of Contraindications Major side effects and
Hypoglycemia warnings
Metformin no eGFR < 30 ml/min Bloating, abdominal

discomfort, diarrhea,
vitamin B12 deficiency,
weight loss

DPP-4 inhibitors no Potential risk of pancre-
atitis, potential slight
increased risk for heart

failure with saxagliptin

and alogliptin
GLP-1R agonists no Not suitable in frail malnour- Potential risk of pancre-
ished patients atitis, nausea, diarrhea,
weight loss
SGLT2 inhibitors no Less effective with eGFR < 60 Genital infections, in-
ml/min creased risk of diabetic
ketoacidosis
Sulphonylureas and yes Increased risk of hypo-
glinides glycaemia, major
weight gain
Thiazolidinediones no Not suitable in patients with Weight gain, fluid re-
heart failure tention, loss of bone

mineral density, in-
creased risk of non-os-
teoporotic bone frac-
tures

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