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Abstract

Frailty is a newly emerging complication of diabetes in older people and increasingly recognised in national and international
clinical guidelines. However, frailty remains less clearly defined and frail older people with diabetes are rarely characterised.
The general recommendation of clinical guidelines is to aim for a relaxed glycaemic control, mainly to avoid hypoglycaemia,
in this often-vulnerable group of patients. With increasing age and development of frailty, body composition changes are
characterised by an increase in visceral adipose tissue and a decrease in body muscle mass. Depending on the overall body
weight, differential loss of muscle fibre types and body adipose/muscle tissue ratio, the presence of any associated frailty can
be seen as a spectrum of metabolic phenotypes that vary in insulin resistance of which we have defined two specific pheno-
types. The sarcopenic obese (SO) frail phenotype with increased visceral fat and increased insulin resistance on one side of
spectrum and the anorexic malnourished (AM) frail phenotype with significant muscle loss and reduced insulin resistance
on the other. In view of these varying metabolic phenotypes, the choice of hypoglycaemic therapy, glycaemic targets and
overall goals of therapy are likely to be different. In the SO phenotype, weight-limiting hypoglycaemic agents, especially
the new agents of GLP-1RA and SGLT-2 inhibitors, should be considered early on in therapy due to their benefits on weight
reduction and ability to achieve tight glycaemic control where the focus will be on the reduction of cardiovascular risk. In
the AM phenotype, weight-neutral agents or insulin therapy should be considered early on due to their benefits of limiting
further weight loss and the possible anabolic effects of insulin. Here, the goals of therapy will be a combination of relaxed
glycaemic control and avoidance of hypoglycaemia; and the focus will be on maintenance of a good quality of life. Future
research is still required to develop novel hypoglycaemic agents with a positive effect on body composition in frailty and
improvements in clinical outcomes.

Keywords Older people - Type 2 diabetes mellitus - Body composition - Hypoglycaemic therapy - Frailty - Phenotype -
Management

Introduction

Worldwide, the prevalence of diabetes is increasing particu-
larity in those above the age of 65 years and peaks (22%)
at the age of 75-79 years [1]. In addition to the known dia-
betes-related vascular complications, diabetes appears to
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accelerate the emergence of frailty [2] Frailty is a dynamic
state that increases vulnerability to adverse health outcomes
including mortality [3]. As a result, the importance of frailty
has been recognised in a number of important international
clinical guidelines of diabetes management for older people
[4, 5]. Clinical guidelines categorically divide older people
as either robust, where tight glycaemic control is recom-
mended, or frail where relaxed targets are preferred due to
the side effects associated with hypoglycaemic therapy or
where improved clinical outcomes may be considered to
be less of a priority in this group of patients. For example,
the recommendations for the use of the new anti-diabetes
therapy of glucagon like peptide-1 receptor agonists (GLP-
1RA) and sodium glucose transporter-2 (SGLT-2) inhibitors
are to be only carefully considered in frail individuals due to
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the risk of weight loss, dehydration and hypotension [4, 5].
Also, insulin is considered as a last treatment resort, after
diet and oral hypoglycaemic medications, due to the fear of
hypoglycaemia in these vulnerable patients. However, up to
now, clinical guidelines have been generally non-specific
about frailty and are not explicit about the characterisation
of these frail patients. It should be appreciated that frailty is
not a single homogeneous concept and the current diagnostic
tools or measures are multiple, not standardised and do not
consider the metabolic side of frailty [6]. It is likely that
frailty has a spectrum of different metabolic phenotypes,
which may have a significant impact on the choice of the
most suitable hypoglycaemic agent as well as the optimum
glycaemic target [7]. The aim of this manuscript was to
review the commonly used frailty measures, the character-
istics of frail older people with diabetes according to their
metabolic phenotype, and explore the most appropriate and
suitable hypoglycaemic agents to employ to achieve opti-
mum glycaemic targets in this group of patients.

Methods

We undertook a detailed literature search with full assess-
ment of relevant articles by searching the following data-
bases: Google Scholar, Medline and Embase. We used the
following Medical Subject Heading (MeSH) terms: older
people, old age, elderly, diabetes mellitus, frailty, manage-
ment, treatment, insulin, hypoglycaemic therapy and glu-
cose-lowering therapy individually and in combinations.
Articles were reviewed for relevance by abstract indepen-
dently by the three authors. A manual search of citations in
retrieved articles was performed in addition to an in-depth
electronic literature search. Hand searching of relevant arti-
cles was limited by covid-19 measures and restricted access
to medical libraries. We limited our selection to studies
published in English language. Any disagreement between
authors was resolved by consensus.

Frailty

Frailty is defined as a state of increased vulnerability to
physical or psychological stressors because of decreased
physiological reserve in multiple organ systems that cause
limited capacity to maintain homeostasis [8]. Frailty is nei-
ther an inevitable part of growing old nor synonymous with
ageing; however, it is highly prevalent among older people
[9, 10]. The prevalence of frailty increases with increas-
ing age reaching up to 7% in people > 65 years and up to
40% in those > 80 years [11]. Frailty has significant clinical
consequences that affect both older people and health care
systems. For example, frail older people are at increased
risk of falls, fractures and dementia that lead to disability,
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poor quality of life and early mortality [12—17]. These con-
sequences are associated with an increased use of health
care resources such as emergency department visits, hospi-
talisation and eventually institutionalisation [18]. Therefore,
health care costs for frail older people are severalfold higher
than non-frail individuals [19]. With the increasing age of
the population, frailty will continue to have a major impact
on health care systems. Several studies have demonstrated
that diabetes is associated with an increased risk of frailty,
which is likely to be due in part to diabetes-related compli-
cations and diabetes-associated comorbidities [20-23]. For
example, hypertension and other diabetes-related complica-
tions have been shown to increase the risk and burden of
frailty in older people with diabetes [22, 23]. Frailty can be
screened for by applying Fried criteria which combines a
total of five variables, three are self-reported (weight loss,
exhaustion and reduced physical activity) and two meas-
urements (weakness assessed by grip strength and slowness
measured by gait speed) [24]. The Fried frailty phenotype
independently predicted incidence of falls, worsening mobil-
ity, activities of daily living (ADL) disability, hospitalisation
and mortality after 3 years of follow-up of 5,317 partici-
pants > 65 years old included in the Cardiovascular health
Study [24]. The Survey of Health, Ageing and Retirement
in Europe (SHARE) frailty tool is similar to the Fried crite-
ria and is validated for use in primary care [25]. For Euro-
pean > 50 years of age, SHARE frailty tool discriminated
well between frail, pre-frail and non-frail and predicted
mortality among pre-frail and frail in both men and women
[25]. The FRAIL scale is a tool that does not require meas-
urements. It asks five questions, which cover Fatigue, Resist-
ance (climbing stairs), Ambulation, number of Illnesses and
Loss of weight [26]. The FRAIL scale predicts mortality
and the incidence of ADL and instrumental ADL (IADL)
disabilities among community-dwelling older people [26,
27]. The Clinical frailty scale (CFS) is a 9-point scale that
describes patient’ functional characteristics and predicts
mortality. It uses pictures that aid in stratifying patients into
different levels of frailty based on their function [28]. The
CFS has been widely used in clinical practice and was found
to be predictive of mortality 87% of the time, associated with
comorbidity 73%, complications 100%, length of hospital
stay 75%, falls 71%, cognition 94% and function 91% [29].
The Frailty Trait Scale (FTS) is a short tool based on meas-
urement of three dimensions of nutrition, physical activity
and nervous system that can predict risk of hospitalisation
and mortality [30]. Compared with Fried frailty phenotype
tool, the FTS showed a better prediction for hospitalisation
in persons < 80 and for mortality in those > 80 years old [30].
The Edmonton frail scale (EFS) is another tool that does not
require specialist knowledge or training in geriatric medicine
[31]. EFS is associated with several geriatric conditions such
independence, drugs assumption, mood, mental, functional
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and nutritional status [32]. The Gérontopdle frailty-screen-
ing tool (GFST) is designed to screen older people as an
initial questionnaire to increase awareness of frailty [33].
The GFST showed a positive predictive value of 75.9% and
a negative predictive value of 64.7% at the identification
of non-disabled frail elders. These findings demonstrate an
overall moderate agreement between the GFST and the Fried
frailty phenotype tool [34]. The electronic frailty index (EFI)
and the 35-Item Rockwood frailty index use data collected
as part of comprehensive geriatric assessment and can be
applied to a large number of population where their clini-
cal data are recorded in primary care practice and a score
generated via specific software [35, 36]. The EFI identified
older people with mild, moderate and severe frailty and had
a robust predictive validity for outcomes of mortality, hos-
pitalisation and nursing home admission [35]. The Rock-
wood frailty index, when used in acuity ill patients, showed
that across different levels of frailty, higher illness acuity
increased mortality risk. When acuity was low, the risk was
significant only when the degree of frailty was high, whereas
when acuity was high, lower levels of frailty were associated
with greater mortality risk [36]. The PRISMA Questionnaire
is a 7-item questionnaire to identify frailty and is suitable for
postal completion [37]. A cut-off score of three and above
positive answers to a total seven questions revealed a sen-
sitivity of 78.3% and a specificity of 74.7%, which might
identify 35.5% of the aged people as frail [38]. The PRISMA
includes a coordination-type integrated service delivery sys-
tem for frail older people that showed a decreased incidence
of functional decline, a decreased burden for caregivers and
a smaller proportion of older people wishing to be institu-
tionalised [37]. The main frailty assessment tools are sum-
marised in Table 1.

Frailty and diabetes

Diabetes is associated with an accelerated ageing process
that promotes frailty, which is due in part to accelerated
loss of skeletal muscles [39]. Other factors that increase the
risk of frailty are the diabetes-associated complications,
especially hypertension, renal impairment and dementia. In
the analysis of the Mexican Health and Nutrition Survey of
7164 older people, mean (SD) age 70.6 (8.1) years, diabetes
was independently associated with frailty (coefficient 0.28,
p<0.001) with an incremental association when hyperten-
sion (0.63, p <0.001) or any diabetic complication was also
present (0.55, p<0.001) [22]. In a Japanese cross-sectional
study of 9,606 participants > 65 years of age, participants
in the lowest quartile of renal function [estimated glomeru-
lar filtration rate (eGFR) < 30.0 mL/min/1.73 m?] showed
an independent higher risk of frailty [odds ratio (OR) 1.83,
95% confidence interval (CI) 1.01 to 3.45] compared with
those in the highest quartile (¢GFR > 60.0 mL/min/1.73 m?).

Individuals with a history of hypertension or diabetes mel-
litus showed a significantly increased risk of frailty and the
risk increased further when both hypertension and diabe-
tes co-exist (OR 3.67, 95% CI 1.13-14.05) [40]. Persistent
hyperglycaemia itself may be a factor that promotes frailty.
In the Beijing longitudinal study of ageing II (BLSA-II)
which included 10,039 subjects, mean (SD) age 70.5 (7.8)
years at baseline, of whom 6,293 subjects were followed
up for 12 months, the prevalence and incidence of frailty
were higher in people with compared to those without dia-
betes (19.3% v 11.9% and 12.3% v 7.0%, respectively) and
people with pre-diabetes had a similar prevalence (11.43%)
but slightly higher incidence of frailty (8.7%) than people
without diabetes. This suggests that the risks of frailty pro-
portionally increase by increasing blood glucose level and
pre-diabetes may play an intermediary role in the accelera-
tion of frailty [20]. The positive correlation between frailty
and hyperglycaemia (HbAlc > 6.5%) has also been shown in
older women (aged 70-79 years) participating in the Wom-
en’s Health and Ageing Studies I and II. [41, 42] Several
other studies have confirmed the increased risk of frailty
associated with diabetes especially when diabetes-related
complications are present [43—46]. Frailty is detrimental in
diabetes prognosis as it increases diabetes-related compli-
cations, hospitalisation, accelerates functional decline and
is associated with mortality [47]. Studies that have showed
an increased risk of frailty with diabetes are summarised in
Table 2. However, studies described are not easy to interpret,
as they did not use a unified tool or threshold for defini-
tion or assessment of frailty. In addition, most of the studies
described an association rather than a causation between
diabetes and frailty, which will need further large-scale pro-
spective studies.

Frailty is associated with an increased risk of hypogly-
caemia; however, the current screening tools of frailty are
not able to quantify this risk. The screening tools do not
consider the metabolic phenotypes of frailty or the trajectory
of glycaemia. In addition, the guideline recommendations
do not precisely describe the frail older people with diabe-
tes. Frailty remains a complex and multifaceted condition.
Therefore, consideration of metabolic phenotypes of frailty
may help guide the choice of hypoglycaemic therapy and
glycaemic targets in this heterogeneous group of patients.

Frailty metabolic phenotypes

Skeletal muscle consists of several muscle fibres that have
different metabolic properties, which may play a role in the
glucose metabolism. The most clinically relevant fibres are
type I or slow twitch fibres and type II or fast twitch fibres.
Compared with type I, type II fibres have lower fat oxida-
tive properties that lead to lipid storage in muscle tissue,
which increase insulin resistance and glucose intolerance
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Table 2 (continued)

(5

Diabetes increased the risk of

Main findings

Investigate prevalence of physical frailty in

Aim to

Patients

Thein et al. prospective, Singapore, 2018. [46] Total 2696 patients aged>55Y, 11 Y F/U

Study

Springer

subjects with compared to those without

DM

A. Physical frailty (OR 2.24,95% CI 1.16 to

4.34)

B. Combined physical frailty and cognitive

impairment (2.01, 1.12 to 3.60)

Y Years, F/U Follow up, M Months, DM Diabetes mellitus, CI Confidence interval, OR Odds ratio, MI Myocardial infarction, SD Standard deviation, HR Hazard ratio

[48]. Therefore, type II fibres is associated with insulin
resistance while type I fibres with insulin sensitivity and
the predominance of one fibre or another, among other fac-
tors such as muscle mass, may influence the overall insulin
sensitivity of the individual. With increasing age, there is
increased atrophy of type II muscle fibres that accounts for
the majority of body muscle loss [49, 50]. This may lead to
a reduction in insulin resistance. Compensatory age-related
increases in visceral fat and reduction in the number and
function of the f-cells of the pancreas may lead to a gen-
eral increase in insulin resistance and glucose intolerance
in older age [51]. However, frailty is also associated with
an accelerated muscle loss than age alone with a prominent
reduction of type II than type I fibres, which may lead to
an overall reduction of insulin resistance in frail older peo-
ple [52-54]. The loss of muscle fibres or sarcopenia is the
main characteristics of frailty and, therefore, sarcopenia and
frailty can be seen as two sides of the same coin [24, 55].
Another characteristic of frailty is weight loss, although it
is not an absolute necessity for frailty diagnosis and obesity
can be associated with frailty [56]. Therefore, depending on
overall body weight, differential loss of muscle fibres and
body adipose/muscle tissue ratio, frailty can be associated
with a spectrum of metabolic changes with wide variations
in insulin resistance: we believe that these can be labelled
as at least two distinct metabolic ‘phenotypes’. The anorexic
malnourished (AM) frail phenotype with significant muscle
loss and reduced insulin resistance on one side of the spec-
trum and the sarcopenic obese (SO) frail phenotype with
increased visceral fat and insulin resistance on the other.

The anorexic malnourished (AM) phenotype

The coexistence of multiple comorbidities may also lead to
protein energy malnutrition and muscle wasting which leads
to spontaneous resolution of hyperglycaemia and reduction
of HbAlc to normal ranges in older people with diabetes
[57]. Normalisation of hyperglycaemia has also been shown
in patients with this frailty phenotype and deintensification
or even complete withdrawal of hypoglycaemic therapy was
achieved without deterioration of glycaemic control [58, 59].
The main characteristics of these patients were significant
weight loss and increased prevalence of comorbidities [59].
Markers of malnutrition such as low serum albumin, low
cholesterol levels and weight loss have been demonstrated in
participants of studies that reported an association between
low HbAlc and mortality suggesting that their poor gen-
eral health and frail status increased their vulnerability to
adverse outcomes [47]. Therefore, age-related body compo-
sition changes such as accumulation of visceral fat, which
increases insulin resistance, may be altered when anorexic-
malnourished type of frailty develops. In this phenotype of
frailty, a metabolic shift induced by weight loss occurs that
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leads to normalisation of hyperglycaemia and a change in
the natural history of type 2 diabetes from a progressive to
aregressive course.

The sarcopenic obese (SO) phenotype

Sarcopenic-obesity is an age-related muscle mass loss asso-
ciated with increased visceral fat [60]. In older people, sarco-
penia is closely linked to frailty and is associated with insti-
tutionalisation and mortality [61]. Sarcopenic obesity is also
associated with unfavourable metabolic profile and increased
risk of adverse outcomes than either obesity or sarcopenia
alone [62]. In the cross-sectional analysis of 14,528 adults
from the NHANES 111, sarcopenic obese individuals showed
the highest risk of insulin resistance and dysglycaemia [63].
Similarly, in the Korean National Health Examination and
Nutrition Survey (KNHANES), which included 2943 sub-
jects > 60 years old, sarcopenic obesity was associated with
insulin resistance, metabolic syndrome and dyslipidaemia
[64]. One study showed that insulin resistance increased in
frail older people only when abdominal obesity is present,
while insulin resistance is the same in non-obese frail com-
pared to healthy older persons [65]. Other studies have also
linked sarcopenic obesity to increased risk of dyslipidaemia,
diabetes mellitus and hypertension [66, 67]. Therefore, in
this phenotype of frailty, the progressive course of diabetes
is perpetuated. Table 3 summarises the criteria of the two
main phenotypes.

The above-mentioned two phenotypes are likely to be on
the opposite two ends of a possible frailty metabolic spec-
trum that may include a graded other phenotypes. For exam-
ple, some frail patients will have normal weight and nor-
mal appetite and lie in the middle of the spectrum. Another
example is, while the SO phenotype is consistently insulin
resistant due to obesity, the AM phenotype may be heteroge-
neous depending on whether the sarcopenia (which increases
insulin resistance) or the weight loss (which decreases insu-
lin resistance) is dominant. Also, patients’ clinical condi-
tion, and, therefore, their phenotype, is likely to be dynamic
and change overtime. Therefore, glycaemic targets and

Table 3 Frailty metabolic phenotypes

hypoglycaemic therapy should also be dynamic and follow
patient’s phenotype changes.

Hypoglycaemic agents

In frail older people with diabetes, hypoglycaemic agents
should be selected based on their risk of hypoglycaemia
in addition to their cardiovascular benefits and effects on
body weight. The current hypoglycaemic medications can
be divided into non-hypoglycaemia inducing and hypogly-
caemia inducing agents (Table 4).

Non-hypoglycaemia inducing agents

Metformin offers both low risk of hypoglycaemia and car-
diovascular (CV) benefits. A meta-analysis has shown that
metformin was associated with lower long-term (> 2 years)
CV mortality compared with sulfonylureas [hazard ratio
(HR) 0.6-0.7 and 0.6-0.9 from randomised controlled tri-
als (RCT) and observational studies respectively] [68]. Met-
formin reduction of CV events has also been demonstrated
in patients with chronic comorbidities [69]. Metformin is
generally weight neutral but it may promote some weight
loss probably through its anorectic effect [70]. Metformin
was associated with lower risk of frailty (OR 0.66, 95%
CI 0.61-0.71, p<0.0001) compared with sulfonylureas
[71]. Metformin was also associated with a delayed onset
of age related comorbidities including dementia, depres-
sion and frailty in a large prospective study of 41,204 men
with type 2 diabetes, mean age (SD) 74.6 (5.8) years, fol-
lowed up for over 9 years [72]. The DPP-4 inhibitors have
low risk of hypoglycaemia, well tolerated and are weight
neutral although they lack the CV benefits of metformin
[73]. Clinical trials showed that DPP-4 inhibitors did not
increase the risk of the composite CV end points and the
risk of hospitalisation due to congestive heart failure (CHF)
was inconsistent. The HR was significant for saxagliptin
(1.27, 95% CI 1.07-1.51), marginally increased, but was
not significant, for alogliptin (1.07, 95% CI 0.79-1.46) and
not significant for sitagliptin [1.00 (0.83-1.20)] [74-76]. A
meta-analysis of DPP-4 inhibitors trials has shown overall

Anorexic malnourished (AM)

Sarcopenic obese (S0)

Poor appetite, reduced energy intake and weight loss
Reduced skeletal muscle mass and visceral fat
Reduced insulin resistance

Tendency to hypoglycaemia

Diabetes course is regressive

Progressive deintensification of hypoglycaemic therapy

Weight limiting hypoglycaemic agents are not suitable

Good appetite, increased energy intake and weight gain
Reduced skeletal muscle mass and increased visceral fat
Increased insulin resistance

Tendency to hyperglycaemia

Diabetes course is progressive

Progressive intensification of hypoglycaemic agents

Weight limiting hypoglycaemic agents are suitable
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CV safety but non-significant increases in heart failure,
especially with saxagliptin [77]. Because of the controversy
of the heart failure hospitalisation risk observed with some
DDP-4 inhibitors apart from linagliptin and sitagliptin,
caution should be considered when using such agents espe-
cially there is, so far, no clear definition of the patients at
risk for this detrimental effect and its mechanisms are still
unknown. DPP-4 inhibitors may have a beneficial effect on
the reduction of lean muscle loss although there are no clini-
cal trials yet available [78]. The alpha glucosidase inhibitor,
acarabose, delays carbohydrate absorption in the gastroin-
testinal tract slowing the spike in postprandial blood glu-
cose. Although it can cause diarrhoea, it may have some
CV benefits, a low risk of hypoglycaemia and it promotes
weight loss [79]. The new agents of SGLT-2 inhibitors and
GLP-1RAs have novel mechanisms of action that promote
weight loss with low risk of hypoglycaemia. The SGLT-2
inhibitors reduce proximal tubular reabsorption of glucose
leading to increased glucosuria, attenuation of hyperglycae-
mia and reduction of body weight. The GLP-1 RAs stimulate
post-prandial insulin secretion, which is glucose-sensitive,
therefore the overall risk of hypoglycaemia is low. Clinical
trials have demonstrated that the risk of hypoglycaemia of
these agents is comparable to that of placebo [80—88]. In
addition, these agents have demonstrated a consistent and
significant cardio-renal protective effect [89]. They may
also have a positive effect on liver functions in patients with
diabetes and non-alcoholic fatty liver disease (NAFLD)
and non-alcoholic steatohepatitis (NASH) [90]. The effi-
cacy and safety of these newer agents appear to include
older people (> 65 years of age) who represented almost
50% of the participants in these trials [89]. The effects of
these agents on frailty are still not clear. In a Japanese study
which included a total of 194 patients with diabetes, mean
age 65.7 years, the prevalence of patients with high risk of
falling (defined as a weaker hand grip and a shorter duration
of one leg standing) was significantly higher in those treated
with GLP-1 RAs compared to other hypoglycaemic medica-
tions (45.7% v 27.5%). This may suggest that GLP-1 RAs
may increase the risk of frailty [91]. The SGLT-2 inhibitors
luseogliflozin and canagliflozin have shown a reduction of
skeletal muscle mass, which may increase the risk of sarco-
penia and frailty [92-94]. However, another study showed
that dapagliflozin did not reduce muscle mass [95]. In addi-
tion, it has been reported that SGLT-2 inhibitors improve
muscle quality rather than muscle mass which may have an
overall positive effect [96]. Glitazones are associated with
low risk of hypoglycaemia but increased weight gain, likely
related to a combination of fluid retention and redistribution
of adipose tissue [97]. The glitazone, pioglitazone reduces
the risk of major CV events but increases the risk of heart
failure and peripheral oedema [98]. Glitazones, through their
insulin sensitising properties, may have beneficial effects on

reducing the loss of lean muscle mass [99]. In the follow-up
phase of the study of osteoporotic fractures which included
a total of 2864 community dwelling women, mean (SD) age
78.5 (3.6) years, insulin sensitiser treatment (metformin/gli-
tazones) had preserved walking speed compared with other
treatment (p < 0.05) [100] However, glitazones are associ-
ated with bone loss in older women with type 2 diabetes
and possibly associated with an increased risk of fracture
independent of age and gender [101, 102].

Hypoglycaemia inducing agents

There is little literature on the CV safety of insulin secreta-
gogues such as sulfonylureas or glinides. They are associated
with increased risk of hypoglycaemia, weight gain and their
CV effects are not very clear [79]. There was no difference
in CV risk when sulfonylurea was added to metformin but
significantly lower risks of acute myocardial infarction were
found for the glinides plus metformin [adjusted hazard ratio
(HR) 0.39, 95% confidence interval (CI) 0.20 to 0.75] [79].
The available data for gliclazide and repaglinide on CV
outcomes are limited but other agents such as glimepiride,
glibenclamide, glipizide and tolbutamide may be associated
with an increased risk of all-cause mortality and increased
risk of muscle atrophy [103, 104]. The evidence from clini-
cal trials and observational studies suggests an increase in
all-cause and/or CV mortality associated with insulin secre-
tagogues, whereas the increase in the incidence of major
CV events in patients treated with secretagogues, which is
usually observed in epidemiological studies, is not similarly
evident in randomized clinical trials. Among secretagogues,
those with a lower affinity for myocardial ATP-dependent
potassium channels, such as gliclazide, could be associ-
ated with a lower mortality than glibenclamide; however,
these differences, reported in some observational studies,
have never been confirmed by randomised trials [105]. The
advantage of sulphonylurea and glinides is that they can be
used in patients with impaired renal function although care-
ful monitoring for hypoglycaemia will be required. Insulin
remains the most effective hypoglycaemic therapy but is
associated with increased risk of hypoglycaemia that may
increase the risk of falls and significant weight gain [73].
A recent meta-analysis has concluded that treatment with
insulin increased the risk of fractures among patients with
type 2 diabetes compared with oral anti-diabetic drugs how-
ever, the association was influenced by various other factors
such as gender, fracture site, study design and geographical
region [106]. Insulin appears to have a neutral effect on CV
outcomes [107]. Insulin has been shown to stimulate muscle
protein synthesis in younger but not in older persons and has
not been shown to reduce muscle atrophy in diabetes [108].
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Hypoglycaemic therapy

So far, there are no hypoglycaemic medications specifically
designed for older people with comorbid diabetes and frailty.
The general recommendation is to avoid the risk of hypo-
glycaemia as well as the cautious use of the new therapies,
GLP-1RA and SGLT-2 inhibitors, to reduce the risk of hypo-
tension, dehydration, weight loss and falls in this vulnerable
population [4, 5]. However, frailty is not a homogeneous
condition and frailty phenotypes should be taken into con-
sideration when deciding which hypoglycaemic agent is best
for this group of patients. Therefore, we suggest a pragmatic
approach that considers hypoglycaemic agents that promote
weight loss to be the first choice in the SO phenotype and
weight promoting or neutral agents, including insulin, to be
considered in the AM phenotype. In addition to weigh-based
hypoglycaemic choice, other important aspects such as car-
diovascular protection especially in high risk SO phenotype
and quality of life/avoidance of hypoglycaemia especially in

e No obvious frailty phenotype
e Independent living

Metformin is the first line of treatment after
lifestyle — caution in severe renal impairment;
consider low hypo potential SU or DPP4 inhibitor
if MF contraindicated

the AM phenotype should be considered. In addition, the use
of low (sub-maximal) doses of oral hypoglycaemic agents in
combined format can be useful to reduce side effects while
preserving a sufficient efficacy. In Fig. 1, for comparison
purposes, we align a standard step-by-step approach to glu-
cose lowering in older people (the general phenotype) with
the approach we are suggesting could be used for managing
the two distinct metabolic phenotypes we have categorised
[109].

The sarcopenic obese phenotype

Metformin remains the first line therapy in this phenotype
due to its cardiovascular benefits and safety profile. The
new therapy of GLP-1RAs and SGLT-2 inhibitors should
be used early in this phenotype as a second line after met-
formin or first line if metformin is not tolerated or con-
traindicated. The efficacy of these new therapies extends to
include older age groups as demonstrated in clinical trials

Frailty metabolic phenotype

e Very .
anorexic . Reaspnable e Metformin e Metformin
e Poor, . g;i;:l:::f tolerant intolerant
erratic
oral
intake

Basal insulin
analogue
with up
titration

In general, all other oral agents can be used (e.g.
DPP4-| or SU or SGLT2-inhibitor) depending on

clinician choice, renal function, risk potential for
hypoglycaemia, economic considerations (q.v.
sulphonylureas — use of gliclazide); if patient is
markedly obese (BMI>35) consider GLP-1 agonist

Add in basal insulin or a pre-mixed insulin, or a
GLP-1 agonist

Fig.1 Step-by-step approach to glucose lowering in type 2 diabetes
in older people: a general metabolic phenotype compared with two
metabolic phenotypes of frailty. AM Anorexic malnourished, SO
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Sarcopenic obese, DPP-4i Dipeptidyl peptidase-4 inhibitors, SGLT-
2i Sodium glucose transporter-2 inhibitors, GLP-1RA Glucagon-like

Metformin or
DPP-4i

Combination
therapy
(Metformin/DP
P-4i)

Weight gaining
therapy or basal
insulin if
necessary

Metformin

SGLT2-1 or GLP-
1RA or
combination

Consider DPP-4i
or basal insulin as
a last resort

SGLT-2i or
GLP-1RA

Combination
therapy (SGLT-
2i/GLP-1RA)

Consider DPP-4i
or basal insulin
as a last resort

peptide-1 receptor agonists. 72DM type 2 diabetes mellitus
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[82-88]. For example, the post-hoc analyses of the EMPA-
REG OUTCOME study (44.6% of participants > 65 years)
and of the DECLARE study (46% of participants > 65 years)
have found that the risks of cardiovascular mortality, heart
failure and renal outcomes were reduced across all age
groups [110, 111]. In the age-stratified meta-analysis of the
SGLT-2 inhibitors clinical trials, the cardiovascular benefits
were consistent across all age groups [112]. Similarly, the
post-hoc analysis of the LEADER study (75% of partici-
pants > 60 years old) has found that patients aged > 75 (only
9%) had a 34% risk reduction in the frequency of major
adverse cardiovascular events (MACE) in the liraglutide
intervention arm compared with placebo arm (HR 0.66,
95% CI 0.49 to 0.89, p=0.006). The SUSTAIN-6 study of
semaglutide which included 43% of participants > 65 years
old has shown similar results [113, 114]. Although this data
is reassuring, the lack of frailty assessment on inclusion
of the participants makes it uncertain whether these new
therapies are safe in this vulnerable group. However, given
that > 50% of the participants are > 65 years old and have
multiple comorbidities is assuring. Another advantage of
these new therapies is their extra-glycaemia effect, which
will improve the metabolic profile of these sarcopenic obese
individuals by reducing their body weight, visceral fat and
increasing their insulin sensitivity. Recent studies have
shown that these new therapies to have beneficial effects on
NAFLD and its progression to NASH in patients with type
2 diabetes and a significant decrease in hepatic fat content
[115, 116]. In addition, GLP-1RA may have the potential
to improve neurodegenerative conditions such as Alzhei-
mer’s and Parkinson disease as well as bone density in older
people with diabetes [117, 118]. With the use of these new
therapies in sarcopenic obese frail individuals with multiple
comorbidities, it may be possible to de-intensify the pre-
scription of other medications such as diuretics and antihy-
pertensives which may lead to a reduction of polypharmacy
and its negative consequences on therapy burden, adverse
drug events and medication non-compliance. If glycaemia
is not yet controlled, DPP-4 inhibitors can be used as add
on therapy if required while other weight gaining agents or
insulin should be the last resort.

The anorexic malnourished phenotype

This frail phenotype is likely to be in the oldest age group
with multiple comorbidities, polypharmacy and less toler-
ance to drug therapy likely due to associated organ dysfunc-
tion. In the milder form of this phenotype such as people
who are compliant with oral therapy and nutrition, met-
formin or DPP-4 inhibitors can be first line therapy, mainly
due to their lower risk of hypoglycaemia. GLP-1RAs and
SGLT-2 inhibitors are not suitable in this phenotype due to
the undesirable associated weight loss induced with these

agents. Insulin secretagogues, although they have the advan-
tage of desirable weight gain in this phenotype, they should
be avoided due to their high risk of hypoglycaemia. Insulin
should be considered early on in this phenotype, especially
in those who are less compliant with oral therapy and have
significant weight loss. Insulin therapy could produce a sus-
tained improvement in the older people well-being [119].
Weight gain associated with insulin will be an advantage
in this group of patients but other insulin-associated side
effects such as the inconvenience of frequent injections,
blood glucose monitoring and the increased risk of hypo-
glycaemia should be considered. It has been shown that
early introduction of insulin to existing oral hypoglycaemic
medications to be more effective (HbA1c reduction of 1.5%
with insulin vs 0.6% with increased oral doses) and have
less hypoglycaemic events (23 vs 79, p=0.03) than further
increasing the oral doses indicating that adding insulin early
on may be a safer option than increasing oral hypoglycae-
mic agents. [120] Reduced frequency of insulin injections
and simplicity of titration are desirable features for patients'
compliance, quality of life and the reduction of the risk of
hypoglycaemia. Long-acting analogues should always be
preferred to NPH human insulin for the lower risk of hypo-
glycaemia. The most convenient and simple regimen is the
long acting basal insulin at bedtime because of its effective-
ness, simplicity and only once-daily dosing. For example,
the use of long acting insulins (glargine or detemir) has been
shown to reduce emergency department visits or hospitali-
sation due to hypoglycaemia compared with NPH insulin
in older people with type 2 diabetes [121]. The ultra-long
acting basal insulin degludec demonstrates a flat and sta-
ble glucose lowering effect with once-daily administration
[122]. The smoother pharmacokinetic and pharmacody-
namic profiles of degludec insulin may reduce the frequency
and magnitude of blood glucose troughs, thereby reducing
the frequency and severity of hypoglycaemic episodes. It
has been shown that insulin degludec achieves glycaemic
control that is comparable to, or better than, that of insulin
glargine with significantly lower rates of overall or noctur-
nal hypoglycaemia [123]. Once daily basal insulin should
be used first but it will ameliorate the nocturnal hepatic
glucose production with no much effect on post-prandial
blood glucose levels. In patients with markedly reduced
insulin secretion, an insufficient insulin response to meals
can produce a selective post-prandial glucose increase, and
attempt at countering this defect with a basal insulin alone
may have a limited efficacy and it may determine a high risk
of inter-prandial hypoglycaemia, particularly in those with
irregular meals. Although many frail people will do well
with this non-physiological regimen, there will be a need to
consider adding prandial or mealtime short acting insulin
cover when persistent postprandial glucose excursions occur.
However, to reduce the risk of hypoglycaemia especially
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in patients with erratic eating pattern, short acting insulin
analogue should always be preferred to regular human insu-
lin for flexibility in the timing of administration, efficacy
on postprandial glucose and lower risk of late postprandial
hypoglycaemia and preferably administered after a meal is
consumed [124].

Glycaemic control

There are no large clinical trials to investigate the effect of
glycaemic control on frailty as a main outcome. It appears
that dysglycaemia (both hyperglycaemia and hypoglycae-
mia) increases the risk of frailty although the mechanism of
this is poorly understood [3]. Frailty due to persistent hyper-
glycaemia could be attributed to skeletal muscle mitochon-
drial dysfunction, microvascular damage, hyperglycaemia-
related complications or other mechanisms such as increased
inflammation and increased oxidative stress [125-127]. On
the other hand, hypoglycaemia may increase the risk of
frailty by inducing repeated minor subclinical cerebral inju-
ries or recurrent falls and fractures that may, over time, lead
to functional impairment [124]. Therefore, the ideal short-
term glycaemic control is to avoid the wide excursions in
blood glucose levels to reduce the time patients spent in dys-
glycaemia. Zaslavsky et al. have found a U-shaped relation-
ship between blood glucose levels and the risk of incident
frailty with blood glucose levels < 160 mg/dL and > 180 mg/
dL to be associated with increased risk of frailty (»p =0.001).
[45] The ideal long-term glycaemic control or HbAlc is less
clear. A previous study has shown that HbAlc>8.0 to be
associated with low walking speed while HbAlc <7% was
associated with better lower extremity performance [128].
Also, in a study of 5,035 older people with a mean age of
75.0 years, those with HbAlc>7.0% had a significantly
higher prevalence of functional disability [129]. However,
other studies did not demonstrate a beneficial effect of tight
glycaemic control on physical function and it has been asso-
ciated with an increased risk of hypoglycaemia, falls and
fractures [130]. The U-shaped relationship demonstrated by
Zaslavsky et al. has also found that HbAlc of 7.6% to be
associated with the lowest risk of frailty with a HR (95%
CI) of 1.41 (1.12 to 1.78) for HbAlc of 6.9% and 1.30 (1.08
to 1.56) for HbAlc of 8.2%. [45] Therefore, HbAlc around
a target of 7.5% may be a reasonable target to reduce the
risk of frailty in most older people with diabetes. However,
a target range of 7.0-8.5% mmol/mol, based on severity of
frailty, has been suggested [4].

Education and glucose monitoring
Older people with diabetes may tolerate lower blood glucose

with less specific symptoms of hypoglycaemia due to dimin-
ished autonomic response [131, 132]. Therefore, educational

@ Springer

programmes are important for patients and their carers. For
example, in a study that delivered a diabetes educational
programme to care home staff, staff knowledge improved
and was retained at 12 months and led to improved qual-
ity of care for residents with diabetes up to a year after the
intervention [133]. Monitoring of blood glucose is an inte-
gral part of diabetes management that is crucial to achieve
adequate glycaemic control and avoid hypoglycaemia.
Self-monitoring of blood glucose (SMBG) may be useful
in patients on insulin therapy or those on oral hypoglycae-
mic agents with high hypoglycaemic risk potential or during
acute illness otherwise, its value is less clear [134]. It may
have value in the initial titration of hypoglycaemic therapy
on diagnosis but it is likely not to be required as a long-
term monitoring tool, to avoid frequent finger pricking and
maintain quality of life, in most patients with type 2 diabetes
and stable glycaemia [134]. Continuous glucose monitoring
(CGM) is another technology that adds more information
about the time spent in the target range or the severity, fre-
quency and duration of hyper and hypoglycaemic episodes
[135]. Relaxed glycaemic targets are not an assurance of a
lower risk of hypoglycaemia as CGM has unmasked fre-
quent episodes of hypoglycaemia in older people with higher
HbAlc levels [136]. In type 2 diabetes mellitus, CGM is
suitable in patients on insulin or oral therapy with signifi-
cant glycaemic variability [137]. CGM has been shown to be
associated with a reduction of diabetes-related stress and an
improvement in well-being [138]. Glucose monitoring will
need informed discussion between clinicians and patients
with particular attention to patient goals to avoid unnec-
essary burden and to maintain quality of life. In addition,
physical and cognitive functions of patients and their carers
should be considered when planning glucose monitoring.

Goals of therapy

An important goal of therapy was to achieve the best gly-
caemic control possible with the minimum side effects.
The goals of therapy should be tailored to each metabolic
phenotype. It has been shown that lower HbAlc (<7%) to
be associated with increased mortality risk compared with
moderate levels (>7% < 8.5%) in patients using regimens
that are associated with hypoglycaemia [139]. High levels of
HbA 1c were consistently associated with elevated mortality
risk in those regimens that have a lower risk of hypoglycae-
mia. These data suggest that, in the individualisation of gly-
caemic targets, consideration needs to be given to the classes
of glucose-lowering therapy that are being used, with less
aggressive targets in those patients who are being treated
with therapies associated with hypoglycaemia [139]. Goals
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Fig.2 Goals of therapy in the

two metabolic phenotypes of AM
frailty in older people with dia- .

betes. AM Anorexic malnour- Ly Welgh't'

ished, SO Sarcopenic obese, Poor appetite.

GLP-1RA Glucagon-like pep-
tide-1 receptor agonists, SGLT-2
Sodium glucose transporter-2

Less insulin resistance.

Less dyslipidaemia.

SO
High weight.
Normal appetite.
More insulin resistance.
More dyslipidaemia.

of therapy are, therefore, depends on the metabolic pheno-
type of the frail older patient with diabetes (Fig. 2).

The sarcopenic obese phenotype

In this phenotype, diabetes follows a progressive course and
obesity is commonly associated with other cardiovascular
risk factors such as dyslipidaemia, hypertension and insulin
resistance. Therefore, a key goal of therapy in this phenotype
is to reduce the cardiovascular risk and achieve tight glycae-
mic control without increasing the risk of hypoglycaemia.
The general recommendation by the guidelines for relaxed
targets in frail older people should not be applicable to this
metabolic phenotype. Lower HbAlc was associated with
increased mortality risk compared with moderate control in
those regimens associated with hypoglycaemia [139]. There-
fore, the use of GLP-1RAs and SGLT-2 inhibitors are ideal
in this phenotype due their lower risk of hypoglycaemia and
their properties of reducing cardiovascular risk early on ther-
apy independent of glycaemic control. Therefore, reasonable
intensification of therapy and reduction of CV risk is a main
goal in this phenotype.

The anorexic malnourished phenotype

In this phenotype, diabetes follows a regressive course due
to anorexia and significant weight loss. As a result, this
phenotype will have less insulin resistance, blood glucose
level decline and may lead to spontaneous resolution of
hyperglycaemia and normalisation of HbAlc [57]. This
group of patients are likely to be very frail with a limited
life expectancy. The general recommendation by the guide-
lines for relaxed targets in frail older people are applicable
to this metabolic phenotype. The use of weight limiting

* Relaxed glycaemic control.

* GLP-1RA and SGLT-2 inhibitors should
not be considered.

» Aim for deintensification of therapy.
* Focus on maintenance of quality of life.

* Tight glycaemic control.

* GLP-1RA and SGLT-2 inhibitors should
be considered.

* Aim for intensification of therapy.
» Focus on reduction of cardiovascular risk.

agents especially GLP-1RA and SGLT-2 inhibitors should
be avoided. As insulin is likely to be used early on in this
phenotype, relaxed targets are appropriate as aggressive
lowering of HbAlc with hypoglycaemic agents with high
hypoglycaemia risk may be associated with increased mor-
tality [139]. Therefore, deintensification of therapy and a
focus on good quality of life are main goals of therapy in
this metabolic phenotype.

Summary and conclusion

Frailty is a new emerging complication of diabetes in older
people. Clinical guidelines are based on an individual’s
physical function with recommendations of tighter gly-
caemic control in the fit individuals and relaxed targets in
those with frailty. However, frail older people are metabol-
ically heterogeneous and further research may allow rec-
ommendations to be tailored to suit key frailty metabolic
phenotypes as we have proposed. For the sarcopenic obese
(SO) phenotype, weight limiting hypoglycaemic agents,
especially the new agents of GLP-1RA and SGLT-2 inhibi-
tors, should be considered early on in therapy due to their
benefits on weight reduction and cardiovascular protec-
tion that is independent of glycaemic control. Goals of
therapy is tight glycaemic control, without inducing hypo-
glycaemia and the focus will be on the reduction of their
cardiovascular risk. In the anorexic malnourished (AM)
phenotype, weight neutral or insulin therapy, should be
considered early on in therapy due to the benefits of avoid-
ing weight loss and possible anabolic and weight gaining
effects of insulin. Goals of therapy is relaxed glycaemic
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control, avoidance of hypoglycaemia and the focus will be
on maintenance of good quality of life.

Future perspectives

In routine clinical practice, even in specialist centres,
frailty still does not seem to be taken into consideration
when deciding on diabetes management, glycaemic control
and HbAlc targets [140, 141]. We have demonstrated that
frailty is a complex metabolic condition with a spectrum of
metabolic phenotypes with variation in insulin sensitivity
that may affect the choice of hypoglycaemic therapy. This
view applied to frailty is similar conceptually to a recent
Scandinavian study, which identified 5 different subtypes of
patients with type 2 diabetes that have different characteris-
tics, insulin resistance, disease progression and risk of dia-
betes-related complications—these concepts form the basis
of future ‘precision’ medicine [142]. Therefore, in future
clinical trials, older participants should not be defined by
age alone but frailty phenotype should also be clearly char-
acterised. However, the relationship of frailty and diabetes is
complex as frailty, although a complication associated with
diabetes, it can be present before the onset of diabetes. In
addition, the spectrum of metabolic profile of frailty is likely
to be more complex. For example, some patients will be frail
with normal weight and normal appetite in the middle of the
spectrum. Another example is, while the sarcopenic obese
phenotype is consistently insulin resistant due to obesity,
the anorexic phenotype may be heterogeneous depending on
whether the sarcopenia (which increases insulin resistance)
or the weight loss (which increases insulin sensitivity) is
dominant. In addition, patients with diabetes and mild obe-
sity may have no evidence of insulin resistance or malnutri-
tion but the prevalence and the incidence of frailty in this
category is unknown. Another future perspective is the effect
of hypoglycaemic agents on frailty. So far, there is very lit-
tle literature on the effect of these agents on frailty or body
composition. For example, although there is some evidence
to suggest that SGLT-2 inhibitors may induce diabetes-asso-
ciated sarcopenia, other studies did not confirm these find-
ings [143-149]. Also, pioglitazone has been shown to poten-
tiate the effect of resistance training on muscle strength in
women but not in men and the effect of DPP-4 inhibitors and
GLP-1RAs on body composition is not consistent. There-
fore, the current data on this issue is limited and future trials
are warranted [150-155]. The anabolic properties of insu-
lin and its effect on body muscle needs further exploration.
The new insulin analogues appear as a potentially favourable
therapy in the AM frail phenotype as long as hypoglycaemia
is avoided. It may have the potential to improve the muscle
mass and increase the body weight in this frail phenotype.
Insulin stimulates muscle protein synthesis and anabolism
in younger individuals but this anabolic effect is blunted in
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older people, which may suggest that higher doses of insu-
lin are required to achieve this anabolic effect [156, 157].
Previous study have shown a positive effect of insulin on
skeletal muscle index and improvement of sarcopenia in the
lower extremities in a relatively younger 312 participants
with type 2 diabetes, mean (SD) age 64 (11) years [158].
However, in the recent population-based KORA-Age study
which included 118 older people with type 2 diabetes, mean
(SD) age 74.6 (6.2) years, insulin therapy was associated
with preserved muscle mass, but not muscle function param-
eters [159]. These finding suggest that further trials are still
required to fully investigate the anabolic effect of insulin in
frail older people with diabetes.
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