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Abstract

Sodium-glucose co-transporter-2 (SGLT2) inhibitors offer significant outcome benefits beyond glucose lowering, including
reduced risk of cardiovascular death, all-cause mortality, major adverse cardiovascular events, hospitalisations for heart failure
and progression of renal disease. Considering these therapeutic effects, minimal incremental risk for hypoglycaemia and
simplicity of administration, this drug class appears to be an attractive therapeutic option for older adults, and post hoc
analysis of trial data provides support for the use of SGLT2 inhibitors in this population. Nevertheless, despite favourable
clinical trial data, there has been some hesitance in clinical practice prescribing these drugs to older frail adults due to the
limited therapeutic experience in this population and insufficient long-term safety data. In this review article, we evaluate the
risk—benefit profile for the use of SGLT?2 inhibitors in this population and suggest that rather than being a treatment to avoid,
SGLT?2 inhibitors should be considered a valid therapeutic option for older frail adults with or without diabetes.

Keywords: frail, sodium-glucose co-transporter-2, type 2 diabetes mellitus, older people

Key Points

* SGLT2 inhibitors have demonstrated multiple favourable effects in older adults beyond glucose control, including
reductions in the risk of cardiovascular death, all-cause mortality, major adverse cardiovascular events, hospitalisations for
heart failure and progression of renal disease.

* SGLT?2 inhibitors are well tolerated in frail older adults with or without diabetes, with a low risk of serious adverse effects
that should not overshadow the significant cardioprotective benefits.

* Increased use of SGLT2 inhibitors in frail older adults with or without diabetes has the potential to provide early clinical
benefits and improve symptoms and outcomes for this population.
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Introduction

The prevalence of type 2 diabetes mellitus (T2DM) is
increasing globally, with the highest increases anticipated
to be in older populations. Indeed, it is projected that the
number of people aged >65 years with T2DM will reach
195.2 million by 2030 and 276.2 million by 2045 [1].
Although the ageing population is in part responsible for
this, the prevalence of T2DM in this population is higher
than would be expected as a consequence of increasing life
expectancy alone. In addition to metabolic dysfunction,
ageing is also associated with vascular and renal changes
that predispose older people to an increased risk of cardio-
renal complications such as heart failure (HF) and chronic
kidney disease (CKD) [2, 3]. Some of the symptoms of
cardio-renal disease such as fatigue, confusion, depression
and high blood pressure may be mistaken for normal
ageing. Therefore, it is important that symptoms are properly
assessed in this population and that undetected cardiorenal
metabolic disease is diagnosed and appropriate treatment
is prescribed. Identifying suitable treatment strategies for
T2DM and its associated complications in older adults is an
unmet medical need.

Older adults are a heterogeneous group, with high vari-
ability in the capacity for self-care, sarcopenia and overall
dependency [4]. Collectively, these characteristics may be
summarised under the term frailty, best defined as the pres-
ence of three or more of the following criteria: unintentional
weight loss (more than 4.5 kg in 1 year), slow gait speed,
weak grip strength and self-reported physical exhaustion or
measured low physical activity [5]. Frailty is widely accepted
as a better predictor of complications and mortality than
chronological age. The prevalence of diabetes in the adult
general population is 4%, whereas it is more than 10%
in those aged >65 years [6] and up to 25% in frail older
adults, such as those in care homes that require additional
support and management of comorbidities [7]. It is uncer-
tain whether diabetes contributes to the process of frailty
or is a result of the polymorbidity process. Diabetes care in
frail older adults is challenging, complicated by the multiple
comorbidities, polypharmacy, and the increased detrimental
impact of hypoglycaemia and other adverse events. Even
though it is recognised that an individualised approach with
frailty-specific higher glycated haemoglobin (HbA1c) targets
of 64—70 mmol/mol are needed in this population to balance
the risk of hypo- and hyperglycaemic events [8], there is
limited specific guidance on the most appropriate treatment.

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are
a class of anti-hyperglycaemic drugs that lower blood glucose
concentration by increasing urinary glucose excretion
via inhibition of SGLT2 in the proximal renal tubules
[9]. Previously, there have been concerns regarding the
use of these agents in older adults, given the recognised
side effects of polyuria and increased risk of candidiasis
and hyperglycaemia. However, multiple clinical benefits
beyond glucose lowering have been established with SGLT2
inhibitors including reduced risk of cardiovascular (CV)

death, all-cause mortality, hospitalisations for heart failure
(HHF), renal decline, hyperkalaemia, and improvements
in weight and blood pressure [10-13]. Furthermore, the
drugs are taken orally at any time of the day and have
no known significant drug interactions. Considering their
multiple favourable effects, simplicity of administration,
good tolerability and negligible hypoglycaemia, they appear
to be an attractive therapeutic option for older adults, and
post hoc analysis of trial data demonstrates the clinical value
of SGLT2 inhibitors in this population [14-16].

There are currently four SGLT2 inhibitors licensed in
the UK. Ertugliflozin and canagliflozin are licensed for the
treatment of T2DM including individuals aged >65 years
for which no dose adjustment is required, but renal function
and risk of volume depletion need to be considered [17,
18]. Empagliflozin is licensed for managing T2DM and
heart failure with reduced ejection fraction (HFrEF), with
no dose adjustment necessary based on age [19]. In people
>75 years of age, an increased risk for volume depletion
should be taken into account. Initiation of empagliflozin is
not recommended for individuals >85 years of age due to the
limited therapeutic experience. Dapagliflozin is licensed for
T2DM, HFEF and CKD, and it can be prescribed to older
adults aged >65 years, with no dose adjustment required
based on age [20].

Despite favourable clinical trial data, and updated licens-
ing and guidelines, there has been hesitance in clinical prac-
tice with regard to the prescription of SGLI2 inhibitors in
older frail adults, who are at increased risk of both heart
and renal failure. Indeed, real-world evidence suggests that
prescriptions of this drug class in this population are gener-
ally lower than other T2DM treatments such as dipeptidyl
peptidase-4 (DPP4) inhibitors, despite there being clear
evidence of a lack of any additional benefit beyond glycaemic
control for this class [21-24]. This may be due to the limited
therapeutic experience of SGLT2 inhibitors in this popu-
lation, particularly with regard to frailty, and insufficient
long-term safety data.

Considering the recently updated NICE clinical guide-
lines for the management of T2DM in adults [25], it is antic-
ipated that SGLT?2 inhibitors will be more widely prescribed.
Hence, in this review article we evaluate the benefic—risk
profile for the use of SGLT2 inhibitors in the older popu-
lation and aim to provide timely and important guidance to
understanding the clinical role of SGLT2 inhibitors in older
frail people with or without T2DM.

Benefit-risk profile of SGLT2 inhibitors in
older frail adults

The benefit-risk profile of SGLT?2 inhibitors in older frail
adults (Figure 1) has yet to be fully explored, but pooled
analyses have demonstrated good tolerability of SGLT2
inhibitors in adults aged >65 years [26, 27]. In addition, in
a retrospective multicentre study, that analysed the efficacy
and safety of SGLT2 inhibitors in people aged >70 years
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Figure 1. Benefit—risk profile of SGLT?2 inhibitors in older frail adults. CV, cardiovascular; ESKD, end-stage kidney disease; UTT,

urinary tract infection.

with T2DM in a real-life setting, with at least 1 year of
follow-up, participants experienced a significant reduction
in average HbAlc, from 7.7% (61 mmol/mol) at baseline
to 7.4% (57 mmol/mol) at 1 year [28]. There was also a
significant reduction in average fasting plasma glucose (FPG)
levels over this period, from 157.7 to 140.6 mg/dL (8.75 to
7.8 mmol/L).

However, the real benefits of SGLT?2 inhibitor use in the
older population are unlikely to be due to a decrease in
HbAlc or FPG, but as a consequence of a reduction in the
risk of cardio-renal events and quality-of-life improvements
(Table 1).

Outcomes observed across age groups in the EMPA-REG
OUTCOME and DECLARE-TIMI 58 cardiovascular out-
comes trials (CVOTs) for empagliflozin and dapagliflozin,
respectively, provide support for the efficacy and safety
of SGLT2 inhibitors in older populations with T2DM
(although it should be noted that frailey was not considered)
[14, 15]. Post hoc analysis of EMPA-REG, in which 35%
of participants were between 65 and <75 years of age and
9% were > 75 years of age , demonstrated that reductions in
risks of CV mortality, HF and renal outcomes associated
with empagliflozin were consistent across all age groups
supporting its cardiorenal benefits in older individuals
[15]. Furthermore, across all age categories, adverse events
associated with empagliflozin reflected its known safety
profile. A post hoc analysis of DECLARE, in which 54% of

participants aged < 65 years, 40% > 65 to <75 years, and
6% > 75 years, demonstrated that the overall efficacy and
safety of dapagliflozin was consistent regardless of age. For
example, dapagliflozin reduced the composite of CV death
or HHF consistently, with a hazard ratio (HR) of 0.88 (95%
confidence interval [CI]: 0.72-1.07), 0.77 (95% CI: 0.63—
0.94) and 0.94 (95% CI: 0.65-1.306) in age groups <65, >
65 to <75, and > 75 years, respectively (interaction P value
0.53). Although adverse events were generally more frequent
in older versus younger individuals, in both treatment and
control groups, there was no age-based treatment interaction
for any of the safety outcomes assessed [14]. These findings
were supported by post hoc analysis of DAPA-HF, in which
60% of participants aged > 65 years, and 24% > 75 years,
with results demonstrating that dapagliflozin  reduced
worsening HF events and death, and improved symptoms,
in people with HE with and without T2DM, across all
age groups [16]. Furthermore, as in the DECLARE trial,
although adverse events increased with age, they were not
associated with dapagliflozin in any age group [16].

A meta-analysis of EMPA-REG OUTCOMES,
DECLARE TIMI 58 and CANVAS indicated that the effect
of SGLT2 inhibitors on CV outcomes among people with
T2DM was consistent across all age groups; the HR for
major adverse cardiac events (MACE) was 0.83 (95% CI:
0.71-0.96) for people aged >65 years and 0.95 (95% CI:
0.86-1.05) in people aged <65 years, with no subgroup
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Table |. Summary of SGLT?2 inhibitor cardio-renal benefits

depletion should be taken into account

SGLT2 inhibitor CVOTs Licensed
indications

Dapagliflozin DECLARE TIMI-58 [44] T2DM >065 years
DAPA-HF [45] HF
DAPA-CKD [36] CKD

Canagliflozin CANVAS [46] T2DM >065 years
CREDENCE [47]

Empagliflozin EMPA-REG OUTCOMES T2DM >75 years

[48] HF
EMPEROR- REDUCED

Use in older adult

Caution: Renal function and risk of volume

Caution: risk of volume depletion should be
taken into account

Cardio-renal benefits

Reduction in CV mortality

Reduction in HHF

Improvement in HF-related health status
Reduction in renal adverse events
Prevention of MACE

Reduction in HHF

Reduction in systolic and diastolic blood
pressure

Reduction in renal adverse events
Reduction in CV mortality

Reduction in HHF

Reduction in renal adverse events

[49] > 85 years: not recommended

EMPEROR-PRESERVED
(50]

Ertugliflozin VERTIS-CV [51] T2DM >65 years

Reduction in HHF

Caution: Renal function and risk of volume

depletion should be taken into account

differences (P =0.15) [29]. Similar results were observed in
a meta-analysis of EMPA-REG OUTCOMES, DECLARE
TIMI 58 and CREDENCE in which SGLT2 inhibitors
were found to reduce MACE outcomes in older adults
(> 65 years) by 17% (OR 0.83 (95% CI: 0.70-0.99)),
numerically superior to the impact in younger individuals
(OR 0.94 (95% CI: 0.79-1.11)) [30].

Age does not fully account for differences in older adults
with diabetes, and frailty assessments may be more important
than chronological age alone [31]. A post hoc analysis of
DAPA-HF examined the eflicacy of dapagliflozin according
to frailty status [32]. A 32-item frailty index was calcula-
ble for 4,742 patients and patients were stratified by three
subgroups: 50.4% were in frailty index class 1 (non-frail
patients); 33.9% in frailty index class 2 (more frail); and
15.7% in frailty index class 3 (most frail). In this analysis,
dapagliflozin was found to reduce the risk of worsening HF
or CV death in all frailty groups, with the largest absolute
reductions in more frail patients. The reduction in the event
rate per 100 years for dapagliflozin versus placebo was 3.5
for the not frail group, 3.6 for the more frail group and,
notably, 7.9 for the most frail group. For other clinical
events and health status, consistent benefits were observed,
but the most frail patients generally had larger absolute
reductions. Adverse events related to dapagliflozin treat-
ment were not higher than for placebo, regardless of frailty
status.

Post hoc analysis from DAPA-HF indicated that
dapagliflozin significantly improves HF-related health status
(symptoms, physical function and quality of life), as
measured by the Kansas City Cardiomyopathy Question-
naire (KCCQ), with the benefits emerging early and being
sustained long-term [33]. Treatment with dapagliflozin
reduced the risk of clinical events to a similar extent across
the range of KCCQ at baseline, indicating that the beneficial
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effects of dapagliflozin are independent of the health status
impairment at baseline.

Additional data from DAPA-HF demonstrated that use
of dapagliflozin was associated with a reduction in the risk
of CV death and HHE emerging as early as 28 days after
randomisation (worsening HF: HR at 28 days 0.48 [95%
CL: 0.23-0.94], CV death: HR at 28 days 0.87 [95%
CI: 0.31-2.41]) [34]. These results are consistent with the
findings from EMPEROR-Reduced, in which there was a
sustained statistically significant benefit of empagliflozin on
the primary efficacy end pointat 34 days after randomisation
[35]. These studies demonstrate that the outcome benefits
can be realised quickly following SGLT?2 inhibitor initiation
and as such support the early addition of SGLT2 inhibitors
to the treatment regimen of older adults for which early
clinical benefits are important.

Renal impairment is common in older adults with
diabetes. SGLT?2 inhibitors can exert nephroprotection not
only through improving glycaemic control but also through
glucose-independent effects, such as blood pressure-lowering
and direct renal effects including slowing the decline in
glomerular filtration rate (GFR), reducing the onset of
microalbuminuria and slowing or reversing the progression
of proteinuria. The DAPA-CKD trial demonstrated that for
individuals with CKD, regardless of the presence or absence
of diabetes, the risk of a composite of a sustained decline in
the estimated GFR of at least 50%, end-stage kidney discase
or death from renal or CV causes was significantly lower with
dapagliflozin than with placebo [36]. The event horizon for
the outcome benefits was approximately 13 months. For
older adults who are otherwise healthy, as well as those that
are considered moderately frail, the benefits are likely to be
realised within their anticipated life expectancy. However,
for individuals with severe frailty the benefit is unlikely to be
achieved within their anticipated life expectancy.



The effect of SGLT?2 inhibitors on muscle mass in older
adults prone to sarcopenia and frailty remains uncertain
but is an important issue as loss of muscle is undesirable
in this population. However, a clinical trial investigating
empagliflozin in older Japanese people with T2DM is cur-
rently in progress (Empagliflozin in Elderly T2DM Patients
(EMPA-ELDERLY)), to assess its effects on skeletal muscle
mass, muscle strength and physical performance [37].

Concerns have been raised regarding the increased
potential for adverse events with SGLT2 inhibitors in older
adults who are generally more prone to hypoglycaemia,
volume depletion, fractures and genital infections. However,
a pooled analysis of phase II/III studies has recently
demonstrated that dapagliflozin use over a 2-year treatment
period was generally well tolerated in older people with
T2DM, with comparable rates of hypoglycaemia, genital
infections and urinary tract infections, low rates of volume
reduction and no increased risk of bone fractures between
older and younger populations [26]. Furthermore, as
described above, across all age categories in the recently
published CVOTs, the adverse event profile associated with
SGLT?2 inhibitors reflects the known safety profile.

Despite the outcomes benefits associated with SGLT2
inhibitors for older frail adults, there is still an element
of confusion around prescription of these agents to these
individuals as data regarding the efficacy and safety SGLT2
inhibitors are often lacking for this population, particularly
in the very old (>75 years). In addition, comorbidities,
frailty and polypharmacy may result in hesitancy from some
healthcare professionals to prescribe these drugs. With these
issues in mind, understanding the practical considerations
around SGLT?2 inhibitor use in older frail adults with or
without T2DM is essential to optimise the benefit—risk
profile of these agents in this population.

Practical considerations

Although current data provide assurance regarding the safety
of SGLT2 inhibitors in older people, the general increased
risk of some adverse events should be taken into considera-
tion in this population. Older adults prescribed an SGLT2
inhibitor should be informed about the possibility of uro-
genital fungal infections and encouraged to maintain basic
genital hygiene and seek medical attention if symptoms of
candidiasis develop. In general, these infections present at a
mild-to-moderate intensity, respond well to standard treat-
ment and do not require treatment discontinuation, unless
there is recurrent or persistent infection. It is important to be
aware that, by the method of action, SGLT?2 inhibitors cause
acidification of the urine, and dysuria, particularly in the first
few weeks, but is not necessarily an indicator of infection.
Rates of hypoglycaemia associated with the use of SGLT2
inhibitors in the CVOTs were not increased with age [14, 15,
26]. Across all age groups, however, they could potentiate the
hypoglycaemic effects of insulin, sulfonylureas or tramadol.
Further, due to impairment of counter-regulatory responses,

SGLT2 inhibitors in frail older adults

these hypoglycaemia episodes have a greater chance of pre-
senting with neuroglycopenic symptoms of hypoglycaemia
(dizziness, weakness, delirium, confusion) compared with
adrenergic symptoms (tremors, sweating). Thus, these symp-
toms may be missed or mistaken as primary neurological
disease, leading to delayed recognition and treatment of
hypoglycaemia [38]. In order to reduce the risk of hypogly-
caemia, dose reductions of insulin or sulfonylureas may be
required when initiating an SGLT?2 inhibitor in people with
HbAlc < 8.5% (< 69 mmol/mol).

Due to the diuretic action of SGLT?2 inhibitors, they may
be associated with volume loss, particularly in those with
high circulating glucose. The impact of this may be more
pronounced in older adults as a consequence of increased
comorbidities, use of medications with hypotensive effects,
impaired vascular homeostatic mechanisms, altered thirst
response and changes in water and sodium balance that
occur with ageing. Simple behavioural modification such as
rising slowly from a supine position and maintaining good
hydration is often all that is required to reduce these ortho-
static symptoms. When measuring blood pressure, explor-
ing for postural drop should be conducted, and if present,
an individual should be treated to a blood pressure target
based on standing blood pressure [39]. When considering
de-intensification of therapies, priority for discontinuation
should be given to diuretics. In addition to reducing the
risk of postural hypotension, the downtitration of diuret-
ics has additional potential benefit of reducing electrolyte
abnormalities such as hyponatremia, hypokalaemia, hypo-
magnesemia and hypercalcemia which can exert a signifi-
cant morbidity and cost burden in the older population,
particularly with respect to hospitalisation and length of
stay. Furthermore, diuretic downtitration offers additional
benefits beyond reducing electrolyte abnormalities in terms
of reducing dehydration and worsening renal function which
also exert a significant healthcare burden in frail older adults.

Whereas the theoretical risk of accelerated osteoporosis
or lower limb amputations have been raised in mechanistic
studies, or post hoc analyses of single studies, neither of these
have been borne out in larger clinical trials. For example,
evaluation of the clinical trial program for dapagliflozin has
not demonstrated any impact on markers of bone formation
and resorption or bone mineral density at 1 year, nor in
the risk of fragility fractures, independent of sex, frailty,
age and insulin use [26, 40, 41]. With regard to the risk
of amputation, while canagliflozin was associated with an
increased risk in the CANVAS trial, a meta-analysis assessing
the effect of SGLT2 inhibitors on peripheral artery disease
and lower limb amputations in 27 randomised controlled
trials reported that there is no evidence to suggest that
empagliflozin and dapagliflozin increase the risk of either
peripheral artery disease of lower limb amputations [42].
Canagliflozin may be associated with a specific risk and
thus, this should be a consideration when prescribing SGLT2
inhibitors to older adults.

While the absolute risk is small, SGLT2 inhibitor ther-
apy increases the risk of diabetic ketoacidosis (DKA), an
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acute metabolic complication of diabetes characterised by
hyperglycaemia, hyperketonaemia and metabolic acidosis
and which can lead to coma or even death. The incidence
of DKA in clinical trials of SGLT2 inhibitors with T2DM
was low and did not appear to increase according to age.
A significant contributor this is relative insulinopenia, and
thus it occurs predominantly at times of concomitant ill-
ness with associated restrictions in food intake, or dehydra-
tion. As older adults with T2DM are at increased risk of
insulinopenia (osmotic symptoms, weight loss), compared
to younger adults, due to the relatively longer duration of
diabetes this puts them at higher risk of euglycemic ketoaci-
dosis [43]. Pragmatically, this should not preclude their
use; however, older adults prescribed an SGLT2 inhibitor
should be advised to discontinue them in the presence of any
acute dehydrating illness and seek medical assistance if they
develop DKA symptoms in order that their ketone levels can
be checked.

Effective integration of SGLT?2 inhibitors into treatment
pathways in older frail adults with and without T2DM will
require multidisciplinary treatment pathways with an inte-
grated approach from primary care, diabetologists, cardiovas-
cular specialists, nephrologists, nursing staff and pharmacists
to optimise the metabolic, CV and renal risk reduction in
their shared patients. Furthermore, the treatment strategy in
this population is likely to require greater individualisation
to reflect the presence of comorbidities, disability and frailty
and estimated life expectancy, as well as the individual’s
preferences and goals of therapy.

Summary

The treatment paradigm of T2DM has shifted from a
glucose-focused approach to an emphasis on reductions
in morbidity and mortality. This is particularly true in the
older population, whose life expectancy is shorter and for
whom event rates are higher. Although SGLT?2 inhibitor
therapy has the potential to lead to volume depletion,
that can be mitigated by adjusting diuretic therapy, the
SGLT?2 inhibitors generally lack some of the adverse effects
associated with other therapies, such as renal dysfunction,
hyperkalaemia and hypotension, that can make treatment
challenging in older individuals. As such, SGLT?2 inhibitors
have proven to be a valuable therapeutic option for the
treatment of T2DM in the older population due to their
insulin independent mechanism, efficacious glycaemic
control with low risk of hypoglycaemia, and their additional
renal and CV benefits.

The benefits in a frail population have yet to be fully
explored. However, in light of the recently updated NICE
T2DM clinical guideline which recommends wider use of
SGLT?2 inhibitors, alongside metformin, in the first-line
treatment of T2DM [25], additional data to support SGLT2
inhibitor use in the frail are anticipated. SGLT?2 inhibitors
have many benefits which are realised soon after initiation,
and thus are likely to give benefit even within the shorter
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timescale of frail older adults. Consequently, age per se
should not be a barrier to these agents and SGLT?2 inhibitors
should be considered a valid therapeutic option for older frail
adults with T2DM, HF or CKD.
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