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Abstract The global prevalence of type 2 diabetes mel-

litus (T2DM) is rising in an ageing population through a

combination of lifestyle changes and greater longevity.

However, by excluding participants aged over 70 years,

most major interventional trials on which current diabetes

therapeutic guidelines are based have failed to provide

specific evidence to support the prescribed management of

diabetes in elderly people. While diabetes per se has a

significant impact on the elderly person, the side effects of

medications, particularly hypoglycaemia, prevent optimi-

sation of diabetes treatment. Hypoglycaemia is associated

with significant morbidity, to which elderly people are often

more vulnerable because of factors such as the effects of

ageing, progressive renal impairment, frailty, polyphar-

macy and cognitive decline. T2DM is associated with

accelerated cognitive decline in some individuals, and

recurrent severe hypoglycaemia has been implicated as a

potential contributory factor. Although the evidence for

selection of appropriate glycaemic targets in elderly

patients is sparse, it is now acknowledged that prevention of

hypoglycaemia must influence individualisation of treat-

ment goals in this vulnerable group. This should also be

reflected by the choice of anti-diabetes agents that are ini-

tiated when diet and lifestyle advice is ineffective. Recently

developed international guidelines, which have specifically

addressed the management of diabetes in elderly people,

highlight the importance of a pragmatic management

approach rather than attempting to achieve a generic gly-

cated haemoglobin goal and are summarised in this article.

Key Points

The evidence from clinical trials for appropriate

glycaemic targets in older people is limited

Hypoglycaemia resulting from over-zealous

treatment has a significant negative impact on the

quality of life of an elderly person with diabetes and

may be dangerous

Glycaemic targets for the elderly patient with

diabetes must be individualised to avoid

hypoglycaemia and its related morbidity

1 Introduction

The on-going global diabetes pandemic presents a serious

public health crisis, with an estimated 347 million people

now suffering from the condition worldwide [1]. It is

predicted that the global prevalence of diabetes in adults

will increase from 6.4 % in 2010 to 7.7 % by 2030 [2],

with type 2 diabetes mellitus (T2DM) representing the

major burden of disease in the elderly population.

T2DM is characterised by insulin resistance; although

this is a feature of normal ageing, it is compounded by

lifestyle factors that promote obesity. These lifestyle fac-

tors, along with increasing longevity and improved survival
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of people with diabetes, have promoted the accelerated

prevalence of diabetes in an ageing population [1, 3]. It is

estimated that 10–20 % of people aged over 60 have

T2DM [4, 5]. The burden of diabetes and its complications

may be even higher in elderly people as a result of under-

diagnosis. The American National Health and Nutrition

Examination Survey (NHANES) reported a prevalence of

undiagnosed diabetes of 6.9 % in people C65 years of age

in the USA [6].

A study in 13 European countries used the oral glucose

tolerance test to estimate the age- and gender-specific

prevalence of diabetes, which increased from 16 % in men

and women aged 60–69 years to 19 % in men and 43 % in

women aged 80–89 years. The rates of previously undi-

agnosed diabetes were as high as 8.6 % in the 60–89 years

age group [7]. In a cohort of Indian men aged 60–69 years

in the Asian arm of this study, the rates of undiagnosed

diabetes reached 41 % [8]. The Canadian Study of Health

and Ageing concluded that diabetes was associated with a

higher mortality [relative risk (RR) 1.87; 95 % confidence

interval (CI) 1.59–2.19] and a greater likelihood of

requiring institutional care (RR 1.58; 95 % CI 1.28–1.94)

[9].

These findings have significant implications for health-

care resources, and yet, specific evidence for the manage-

ment of diabetes in older people is lacking. An analysis

performed by Lakey et al. [10] confirmed that only 0.6 %

of interventional trials in diabetes specifically examined

elderly people, while 30.8 % of trials excluded those older

than 65 years and 55 % excluded those aged over 75 years.

Current evidence for optimal glycaemic targets in older

people has been extrapolated from data obtained from

younger adults, resulting in a blanket approach to the

management of T2DM across all age groups. However, it is

increasingly being recognised that elderly people are a

heterogeneous group with varying levels of comorbidity

and functionality, and glycaemic targets, which, when met,

represent ‘optimal control’ in any person with diabetes,

need to be individually determined for older adults in order

to achieve optimal glycaemic control in a safe manner.

Several factors have to be considered when attempting to

achieve optimal glycaemic control in elderly people with

T2DM, and are summarised in Fig. 1.

Hypoglycaemia is the single greatest barrier to the

maintenance of good glycaemic control in people with

diabetes treated with insulin and insulin secretagogues [11,

12] and is associated with significant morbidity [12, 13]

and mortality [14] in diabetes. In the management of some

older people with diabetes, it may be more important to

avoid hypoglycaemia than to strive for strict glycaemic

control. The present review considers the appropriateness

of applying standard glycaemic targets to the older person.

It highlights the relevant sections of current guidelines,

balances the risks and benefits of medications with a low

risk of hypoglycaemia in this population and outlines the

direct impact of diabetes on elderly people while address-

ing the factors which render them vulnerable to

hypoglycaemia.

2 Impact of Diabetes on the Elderly Person

2.1 Risk of Hospitalisation

Examination of complication rates in the diabetic popula-

tion reveals that people aged over 75 have the highest

frequency of lower-extremity amputation, myocardial

infarction, visual impairment and end-stage renal disease

[15].

Two recent population-based prospective studies have

highlighted the high rate of hospital admission for severe

hypoglycaemia in elderly people. An Italian survey over a

period of 8 years found that 11 % of 5,377 patients

admitted to hospital for diabetes-related causes were aged

80 years or more and 16.7 % (n = 99) of their admissions

were caused by severe hypoglycaemia. These patients had

diminished cognitive ability and multiple comorbidities.

Glycaemic control was strict [mean glycated haemoglobin

(HbA1c) = 41 mmol/mol (95.9 %)] and while 76 of the 99

patients were taking glibenclamide, only 25 were per-

forming regular blood glucose monitoring [16]. Another

study found that rates of hospital attendance and admission

because of insulin-related hypoglycaemia and management

errors were highest in people aged over 80. They were

more than twice as likely to attend the hospital emergency

department (rate ratio 2.5; 95 % CI 1.5–4.3) and nearly five

times as likely to be admitted to hospital (rate ratio 4.9;

95 % CI 2.6–9.1) when compared with patients aged 46–64

years (Fig. 2) [17].

2.2 Risk of Cognitive Decline and Dementia

Ageing is associated with cognitive decline and a risk of

developing dementia. T2DM is associated with accelerated

cognitive decline [18], which in turn increases the risk of

hypoglycaemia; recurrent severe hypoglycaemia has been

implicated in the development of dementia in adults. The

creation of such a vicious cycle complicates the manage-

ment of diabetes.

Diabetes is associated with a 1.5- to 2.5-fold increase in

the risk of developing dementia [19]. Its pathogenesis is

probably multifactorial with chronic hyperglycaemia pro-

moting the development of cerebral microvascular disease

[19] and recurrent, severe hypoglycaemia being implicated

as a potential cause of brain damage [20, 21]. Other pro-

cesses may include protein glycation, cerebral insulin
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resistance, impairment of central insulin signalling,

inflammatory mediators, dysregulation of the hypotha-

lamic-pituitary-adrenal axis and rheological factors [19, 22,

23]. Additionally, diabetes and its treatment may predis-

pose individuals to amyloid deposition in the brain,

resulting in pathological changes akin to Alzheimer’s dis-

ease [18].

The Edinburgh Type 2 Diabetes Study, a cross-sectional

population-based study of 1,066 adults with T2DM

between the ages of 65 and 70 years, found that general

cognitive ability scores were lower in participants who had

reported at least one previous episode of severe hypogly-

caemia (n = 113) [21]. This association persisted after

adjustment for previous cognitive ability, suggesting that

hypoglycaemia may have contributed to general cognitive

decline rather than those with lower baseline cognitive

function being at increased risk of severe hypoglycaemia

[24]. However, a retrospective population-based study of

783 older people with diabetes suggested the presence of a

bidirectional association between hypoglycaemia and

dementia [25]. In that study, 14.2 % of patients with dia-

betes who developed dementia over a 12-year follow-up

period subsequently experienced at least one episode of

hypoglycaemia. This compared with 6.3 % of those who

did not develop dementia [25]. Age-related cognitive

dysfunction or lower cognitive ability per se is also a risk

factor for hypoglycaemia [26] and must be taken into

consideration when determining glycaemic targets for

affected individuals. A large community-based study has

assessed the knowledge and management of diabetes in

older people. This showed that although older people (aged

75 and above) had reasonable comprehension of their

diabetes treatment and how to manage hypoglycaemia,

those who had co-existing cognitive impairment were

significantly less likely to know how to treat hypoglycae-

mia (error rate of 7 vs. 30 %), rendering them vulnerable to

its consequences [27].

In the Action in Diabetes and Vascular Disease: Preterax

and Diamicron MR Controlled Evaluation (ADVANCE)

study, participants with a Mini Mental State Examination

(MMSE) score of \24 (indicating ‘severe’ dysfunction,

n = 212) had a hazard ratio (HR) of developing severe

hypoglycaemia of 2.1 (95 % CI 1.14–3.87, p = 0.018)

compared with adults with an MMSE score of [28

(n = 8,689) [28]. High rates of undiagnosed cognitive

Fig. 1 Factors that should be

considered when attempting to

achieve optimal glycaemic

control in elderly patients with

type 2 diabetes mellitus

(T2DM) (broken arrow

indicates a link where the

evidence is not strong)

Fig. 2 Emergency department (ED) visits and hospital admissions

for hypoglycaemia (2007–2011)—based on 8,100 cases in 63

hospitals in the National Electronic Injury Surveillance System-

Cooperative Adverse Drug Event Surveillance (NEISS-CADES)

project (Source: data derived from Geller et al. [17])

Glycaemic Control in Type 2 Diabetes 19



impairment in older people with diabetes have been iden-

tified [27], and periodic screening for cognitive dysfunction

is recommended because such dysfunction can hinder self-

management of diabetes and increase the risk of

hypoglycaemia.

Recently, the insulin sensitisers thiazolidinediones

(TZDs) have been associated with the development of

dementia in newly diagnosed elderly Taiwanese people

[29]. This observational study followed 67,731 people

aged C65 years without diabetes or dementia at baseline

and found that people who progressed to develop diabetes

were also more likely to develop dementia. In addition,

the relative rate of dementia was 5.31 (95 % CI

1.89–14.96) for participants taking TZDs (n = 28) and

1.22 (95 % CI 0.78–1.91) for those taking sulfonylureas

(n = 796) compared with those taking metformin

(n = 1,033). The risk of dementia was higher in those

who had ever taken a TZD (n = 841) as opposed to those

who had never used a TZD (n = 4,579) (HR 1.44; 95 %

CI 1.12–1.86). The HR for developing dementia in the

metformin cohort (n = 1,033) was 1.0 while that for

sulfonylurea (n = 796) was 1.22, although this was not

statistically significant (p = 0.375) [29]. The exact

mechanism for this observation is unclear, but it is worth

noting that even though the HRs for TZDs reached sta-

tistical significance (p = 0.005) in this study, the overall

number of participants in the TZD group was small

(n = 28) and further studies are required to confirm these

findings before a definite link between TZD usage and

dementia can be established.

2.3 Impact on Physical Function

In a population-based case-control study in the UK that

assessed functional status, 403 participants with diabetes

with a median age of 75 years were compared with 403

age- and sex-matched controls. The assessments included

validated questionnaires such as the Barthel Index of

Activities of Daily Living and the Nottingham Extended

Activities of Daily Living scale. Not only were significant

differences in comorbidities found, such as cardiovascular

disease and peripheral neuropathy, but also differences in

physical function, with the diabetic cohort being more

likely to be using mobility aids [30].

Recently, the Northern Manhattan Study, a population-

based study which followed 3,298 stroke-free individuals

over the age of 40 (mean age = 69.2 ± 10 years) for a

median of 11 years, found that diabetes predicted func-

tional decline over time, even in the absence of vascular

events such as stroke and myocardial infarction [31]. A

study from Hong Kong has also reported an impact of

diabetes on physical function, with older adults with dia-

betes being more likely to report disability [32].

2.4 Risk of Fractures

In addition to general physical decline, diabetes is associ-

ated with an increased risk of osteoporotic fractures. A

population-based Canadian study compared hip fracture

rates in 197,412 individuals with diabetes over the age of

66 years to over 400,000 age-matched controls and found

that diabetes was associated with a 20 % higher risk of hip

fractures. The authors of this study speculated that patients

with diabetes may be more prone to falling because of

higher rates of visual impairment, neuropathy or cerebro-

vascular disease and were also more likely to have pre-

scriptions for fall-promoting medications. They also

observed an association between insulin use and falls,

implicating hypoglycaemia as a potential mechanism,

although this could not be confirmed [33]. Other studies,

however, have made an association between falls, fall-

related fractures and hypoglycaemia [34–36] in people

with diabetes over the age of 65 years, stressing the

importance of avoiding hypoglycaemia in this group. The

link between TZDs and osteoporotic fractures is discussed

later.

2.5 Effect of Age on Hypoglycaemia

The risk of hypoglycaemia is substantially higher in elderly

people. In healthy non-diabetic men (aged 65 ± 3 years),

the generation of hypoglycaemic symptoms and develop-

ment of cognitive dysfunction occurred at almost the same

blood glucose threshold (3.0 ± 0.2 mmol/l). This con-

trasted with younger men (23 ± 2 years) who had an

interval of around 1 mmol/l between symptom generation

(blood glucose 3.6 mmol/l) and a demonstrable effect on

cognitive function shown by slowed reaction time (blood

glucose 2.6 mmol/l) [37] (Fig. 3) [38]. The simultaneous

occurrence of cognitive impairment and the onset of

symptoms in older people may interfere with their ability to

treat hypoglycaemia.

Counter-regulation to hypoglycaemia also differs in

older people with diabetes [39]. During insulin-induced

hypoglycaemia, older adults with T2DM had lower glu-

cagon and growth hormone responses but higher epineph-

rine (adrenaline) and cortisol responses when compared

with age-matched healthy volunteers, but hypoglycaemia

symptom scores were similar in both groups [40]. This

altered counter-regulation that occurs with diabetes in older

people may result in prolongation of the hypoglycaemia.

Symptoms of hypoglycaemia can be subdivided into

neuroglycopenic (confusion, drowsiness, speech difficulty)

and autonomic (sweating, tremulousness, pounding heart,

hunger) categories [41, 42]. Studies of hypoglycaemia

symptoms have shown that in older people, while auto-

nomic and neuroglycopenic symptoms occur [43],

20 S. Mathur et al.



symptoms of light-headedness and unsteadiness are more

commonly reported, and a group of neurological symp-

toms, such as incoordination, slurring of speech and visual

disturbance, is manifest and may predominate. These

symptoms may be mistaken for features of cerebrovascular

ischaemia and as a consequence the hypoglycaemia is

neither identified nor treated [44]. Furthermore, knowledge

of symptoms of hypoglycaemia is very limited in elderly

people and among their relatives and carers [45, 46], thus

compromising their ability to treat hypoglycaemia.

2.6 Frailty

Ageing leads to frailty, which is a recognised syndrome

characterised by sarcopenia, functional decline, neuro-

endocrine dysregulation, immune impairment, cognitive

impairment, mood disorder and sensory impairment [47].

The presence of three or more of the following criteria

indicates frailty: unintentional weight loss, self-reported

exhaustion, slow-walking speed, poor grip strength or low

physical activity levels. Frailty also predict disability [48].

People with diabetes are at greater risk of developing

frailty earlier than their non-diabetic peers, as diabetes has

been shown to contribute to acceleration of the ageing

process [49].

3 Vulnerability to Hypoglycaemia and Its

Consequences

In addition to the effect of age-related physiological

changes, elderly people are rendered vulnerable to hypo-

glycaemia because of factors such as longer duration of

diabetes, renal dysfunction, declining cognitive function,

increasing frailty and inability to self-manage diabetes

along with a greater requirement for institutional care [50].

Each of these hypoglycaemic risk factors must be consid-

ered when determining treatment options and targets.

3.1 Duration of Diabetes and Its Treatment

Data from NHANES showed that T2DM diagnosed in

older age differs from that diagnosed in middle age. Onset

of diabetes in old age has a lower likelihood of requiring

insulin than the onset of diabetes in middle age. No dif-

ference in the prevalences of cardiovascular disease and

neuropathy was observed in the two groups, but middle-age

onset diabetes carried an increased risk of developing

microvascular complications such as retinopathy [6].

Nevertheless, people who develop diabetes when mid-

dle-aged are more likely to have indolent cardiovascular

disease. Hypoglycaemia can provoke cardiac arrhythmias

[51] and precipitate cardiac ischaemia [52]. In the

ADVANCE study cohort, a group of 11,140 patients with

T2DM were randomised to intensive or standard glucose-

lowering treatment, and severe hypoglycaemia was asso-

ciated with a significantly higher adjusted risk of major

macrovascular events (HR 2.88; 95 % CI 2.01–4.12). The

authors concluded that while severe hypoglycaemia clearly

contributes to adverse outcomes, it may be a marker of

increased vulnerability to such events [53]. Thus treatment

targets will probably have to be less stringent in older

people who have underlying coronary heart disease.

Age-related impairment of hypoglycaemia awareness

has also been demonstrated. A hyperinsulinaemic, hypo-

glycaemic clamp study that compared hypoglycaemia

awareness in older (C65 years) with middle-aged

(39–64 years) participants with type 2 diabetes found that

the older patients failed to perceive neuroglycopenic

symptoms despite the development of cognitive dysfunc-

tion and a similar magnitude of counter-regulatory hor-

monal secretion when compared with the middle-aged

cohort. The older group had longer duration of diabetes,

and the authors concluded that while this may have biased

the results, it is still an important factor to be considered as

many older people have advanced T2DM [54]. In advanced

T2DM, the glucagon response to hypoglycaemia is virtu-

ally absent (p = 0.0252), increasing the risk of developing

hypoglycaemia-associated autonomic failure, impaired

awareness of hypoglycaemia and recurrent severe hypo-

glycaemia [55].

The risk of hypoglycaemia increases with duration of

insulin therapy. The UK Hypoglycaemia Study Group

found that the prevalence of severe hypoglycaemia in

people with T2DM treated with insulin for [5 years is

comparable to that of those with type 1 diabetes of

\5 years duration and supports the observation that, in

longstanding T2DM, the risk of severe hypoglycaemia

Ar
te

ria
lis

ed
 b

lo
od

 g
lu

co
se

 (m
m

ol
/l)

  4.0 

SYMPTOMS    Younger men 
3.5        (3.6 mmol/l) 

   SYMPTOMS 

3.0       Older men (3.0 mmol/l) 

REACTION TIME

2.5 FOUR CHOICE Younger men
REACTION TIME (2.6 mmol/l)

2.0 

Fig. 3 Glycaemic thresholds for subjective symptomatic awareness
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Clinical Diabetes [38]. With permission from John Wiley & Sons,

Ltd)

Glycaemic Control in Type 2 Diabetes 21



increases with the duration of insulin therapy [56]. Gly-

caemic targets for this group of patients must therefore

receive careful consideration.

3.2 Renal Dysfunction

Diabetes is the leading cause of chronic kidney disease,

and moderate to severe renal impairment occurs in up to

25 % of older patients with T2DM [57]. Progressive renal

dysfunction increases the risk of hypoglycaemia by

reducing the rate of elimination of most anti-diabetes

drugs. Therefore, as in all older adults, a regular review of

medications should be undertaken in elderly people with

T2DM who have renal impairment, to avoid unnecessary

prescriptions and adjust the doses when necessary. An

Italian cross-sectional review revealed that elderly people

with diabetes who had moderate to severe renal impairment

were being prescribed oral anti-diabetes drugs, particularly

sulfonylureas, inappropriately [58]. Another cross-sec-

tional study found that 50 % of 205,857 people with T2DM

aged over 75 with renal and cognitive impairment, who

were treated with sulfonylurea and/or insulin, had a HbA1c

of \53 mmol/mol (7.0 %), reflecting over-treatment of

diabetes and thereby increasing the risk of severe hypo-

glycaemia [59]. In addition, dose adjustment must be

considered during episodes of acute or acute-on-chronic

kidney injury, during which the risk of acute hypoglycae-

mia is greater.

3.3 Increasing Frailty and Inability to Self-Manage

Diabetes

Increasing frailty, which has been associated with diabetes,

cognitive decline and a reduced lifespan, can affect self-

efficacy, which can be defined by an individual’s capability

to monitor, plan and carry out daily activities related to the

management of diabetes [60]. This reduces the ability to

self-manage diabetes adequately, therefore increasing the

risk of hypoglycaemia [49].

3.4 Institutionalisation

The prevalence of diabetes in residential or care homes is

over 25 % [61]. Generally, care home residents are elderly,

frail, disabled, cognitively impaired or have limited com-

munication ability [62]. This sub-group of the elderly

diabetic population is at particular risk of hypoglycaemia

and associated morbidity as a consequence of all the factors

mentioned, along with a limited ability to manipulate their

dietary intake [63]. The evidence base on which to devise

recommendations for diabetes care in such institutions is

sparse, but the provision of diabetes-specific education to

such patients may have some value [64, 65]. However,

patients in long-term care facilities are more likely to be

dependent on healthcare professionals for the management

of their diabetes, and there is benefit in providing diabetes-

specific training to staff that look after such patients on a

daily basis [66].

4 Evidence for Glycaemic Targets in Older Adults

Current management of T2DM in general prioritises the

prevention of micro- and macro-vascular complications

[67, 68]. Findings from the UK Prospective Diabetes

Study (UKPDS), one of the largest randomised controlled

trials comparing standard versus intensive glycaemic

control in T2DM, showed that the rates of myocardial

infarction and mortality were lower in the intensive

treatment group 10 years after the intervention had ended.

This phenomenon has been described as a ‘legacy effect’

from previous good glycaemic control [69]. Macrovas-

cular disease is a major cause of mortality in T2DM, so

the UKPDS findings provide a rationale for the current

guidelines provided by the UK National Institute for

Clinical Excellence (NICE) and Scottish Intercollegiate

Guidelines Network (SIGN) that recommend HbA1c tar-

gets of B53 mmol/mol (7.0 %) for people with newly

diagnosed T2DM [67, 68]. However, the UKPDS exclu-

ded people over the age of 65 years [69].

In 2008, publication of the results of three major ran-

domised controlled trials that had examined the effects of

glycaemic control on cardiovascular morbidity and mor-

tality further influenced this debate. The Action to Control

Cardiovascular Risk in Diabetes (ACCORD), the Veterans

Affairs Diabetes Trial (VADT) and ADVANCE studies

recruited people with a mean age of 60 years at enrolment

[15]. In ACCORD, intensive glucose lowering dispropor-

tionately increased the risk of cardiovascular disease and

death in younger subjects (\65 years) but had a neutral

effect on older participants [70]. However, severe hypo-

glycaemia was more common in the older subjects [71].

The intensive arm of the ACCORD trial had to be termi-

nated early because of a 22 % excess in total mortality.

While ADVANCE did not replicate the association

between increased mortality and intensive glycaemic con-

trol during a 5-year follow-up, neither did it show any

significant cardiovascular benefit. It did however show a

21 % RR reduction in the development of nephropathy,

and overall no difference was observed associated with age

(aged below or above 65) with respect to the primary

outcome of adverse cardiovascular events [72]. Similarly,

VADT found no statistically significant difference in car-

diovascular morbidity in the two arms of the study but

reported a reduction in the onset and progression of

microalbuminuria [73].
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It was suggested that people who had a shorter duration

of diabetes, lower HbA1c and no established cardiovascular

disease at baseline demonstrated greater benefits from

intensive glucose lowering, whereas the reverse may be

true for those with a very long duration of diabetes, known

history of severe hypoglycaemia, advanced cardiovascular

disease and frailty. In addition, post hoc analysis of the

ACCORD study and the VADT showed a strong associa-

tion between severe hypoglycaemia and cardiovascular

mortality, especially in the older group of people [74].

These landmark outcome trials did not provide specific

evidence for glycaemic management in elderly people,

despite the fact that they represent a large proportion of the

diabetic population. Recently published guidelines related

to this population have acknowledged this lack of evidence

but also recognise the association of increased cardiovas-

cular mortality with strict glycaemic control in older people

with established cardiovascular disease [15, 50, 75, 76]. It

is now acknowledged that a higher HbA1c is acceptable in a

person who is at higher risk of cardiovascular events and

exposure to severe hypoglycaemia.

Conversely, a further question that should be addressed

is, ‘How high is acceptable for HbA1c?’ Two retrospective

cohort studies looked at the association between HbA1c and

mortality. The first, a study with data from the UK General

Practice Research database, showed that when treatment

was intensified with oral monotherapy, there was a

U-shaped association between HbA1c and mortality, with

the lowest HR for death being at a HbA1c value of

59 mmol/mol (7.5 %). With a reference HbA1c of

58 mmol/mol (7.5 %), the HR for all-cause mortality for a

(median) HbA1c of 46 mmol/mol (6.4 %) was 1.52 (95 %

CI 1.32–1.76) versus 1.79 (95 % CI 1.56–2.06) for a

(median) HbA1c of 92 mmol/mol (10.6 %). The mean age

of participants in that study was 64 years [77].

The Diabetes and Aging Study, a large study of 71,092

adults with T2DM over the age of 60, also examined the

relationship between HbA1c, mortality and nonfatal out-

comes (cardiovascular, microvascular, acute metabolic

events) and found a similar U-shaped relationship between

HbA1c and mortality. Mortality risk was lower for HbA1c

between 42 mmol/mol (6.0 %) and 75 mmol/mol (9.0 %).

For example, the adjusted HR for HbA1c between 53 and

63 mmol/mol (7.0–7.9 %) was 0.83 (95 % CI 0.76–0.90)

as compared with 1.31 (95 % CI 1.09–1.57) for HbA1c over

97 mmol/mol (11.0 %) [78].

These studies indicate that while a lower HbA1c that

represents strict glycaemic control increases the risk of

mortality, a very high HbA1c is not necessarily protective.

Indeed, persistent severe hyperglycaemia can lead to

complications such as recurrent infections and abscesses,

dehydration, falls, poor wound healing and hospital

admissions precipitated by hyperglycaemic crises [15].

5 What Do the Guidelines Recommend?

Despite the lack of evidence for glycaemic target setting in

elderly people, national and international guidelines have

recently been developed in recognition of the fact that

older people with type 2 diabetes are a heterogeneous

group who need individualised treatment depending upon

their differing needs. These guidelines are summarised in

Table 1.

The American Diabetes Association (ADA) in collabo-

ration with the American Gerontology Society (AGS) has

suggested HbA1c goals should be tailored to patient char-

acteristics or health status rather than age, with an under-

lying rationale of life expectancy to determine the HbA1c

goal (although for the purpose of the guideline, they do

define ‘older adults’ as those aged C65 years). So, healthy

older adults with few coexisting chronic illnesses, intact

cognitive and functional status and longer remaining life

expectancy should be set a HbA1c goal of \59 mmol/mol

(7.5 %). By contrast, in a person with very poor health, in

long-term care, with end-stage chronic disease or moderate

to severe cognitive impairment, it is reasonable to achieve

a HbA1c of under 70 mmol/mol (8.5 %) [15]. This mirrors

similar statements made by the International Diabetes

Federation [75].

The European Diabetes Working Party for Older People

(EDWPOP) also published clinical practice guidelines in

2011 (Fig. 4). They specifically stated that the aims of care

should include involving the patient and/or carer while

determining the correct treatment option [50]. Patient and

carer education is probably more important than rigorous

glycaemic targets, as hypoglycaemia may still be a prob-

lem in patients who have a higher HbA1c [79]. Although

the SIGN guidelines for T2DM do not specify age criteria

in their guidance, they do recommend that glycaemic tar-

gets should be individualised [68].

The more recent ADA-European Association for the

Study of Diabetes (EASD) position statement suggests that

the goals of treatment for older T2DM patients who are

cognitively intact and have long life expectancy should be

the same as those for younger subjects, while less stringent

goals are suggested for those with limited life expectancy,

advanced diabetes complications, or extensive comorbid

conditions [80]. The joint position statement issued in 2012

on behalf of the International Association of Gerontology

and Geriatrics, EDWPOP, and the International Task Force

of Experts in Diabetes adds that the major aims for man-

agement of care home residents with diabetes should be

prevention of hypoglycaemia, avoidance of acute meta-

bolic complications, decreased risk of infection and pre-

vention of hospitalisation [76]. Reducing polypharmacy

and potential drug interactions that may precipitate hypo-

glycaemia is also more pertinent in this particular group of
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elderly people who are likely to have a limited life

expectancy.

Importantly, all these guidelines still stress the impor-

tance of diet, exercise and education in managing T2DM in

the elderly population.

6 Safety Considerations for Commonly Used

Anti-diabetes Therapies in Elderly People

Age per se is not a contraindication to the use of any

specific agent. The ADA-EASD position statement on

management of hyperglycaemia in T2DM proposes that the

choice of anti-diabetes agent for the older person should

take drug safety into account with an aim to protect against

hypoglycaemia, heart failure, renal impairment, bone

fractures and drug interactions [80].

Several classes of drugs are now available for the

treatment of T2DM and can be categorised by their mode

of action. Drugs that have a mechanism of action inde-

pendent of insulin secretion will be less likely to contribute

to the risk of hypoglycaemia when compared with insulin

secretagogues and insulin itself.

Once again, patient education is extremely important,

and a cognitive assessment when changing diabetes ther-

apies may be prudent to ensure that the elderly person

understands the risks associated with inappropriate

administration of the medication. For example, patients

taking insulin secretagogues and prandial or biphasic

insulin must be warned not to skip meals when taking these

medications, in order to prevent hypoglycaemia. An

assessment for adequate hypoglycaemia awareness (which

diminishes with age) must also be made before escalating

anti-diabetes therapy in response to disease progression.

Table 1 Summary of guidelines that include recommendations on glycaemic targets for older patients

Guideline Patient characteristic HbA1c target

(mmol/mol)

HbA1c

target (%)

International Diabetes Federation Functionally independent 53–59 7.0–7.5

Functionally dependent 53–64 7.0–8.0

Frail and/or dementia Up to 70 Up to 8.6

End of life Avoid symptomatic

hypoglycaemia

ADA and EASD position statement Healthy with long life expectancy \48–53 \6.5–7.0

History of severe hypoglycaemia, limited life expectancy,

advanced complications, extensive comorbidity

59–64 7.5–8.0

EDWPOP Single system involvement

Precise target should depend on existing cardiovascular

risk, presence of microvascular complications and ability

to self-manage diabetes

53–59 7.0–7.5

Frail

Dependent, multi-system disease, care home residency,

dementia

60–70 7.6–8.5

IAGG, EDWPOP and International

Task Force of Experts for Diabetes

position statement

Individual comorbidities and cognitive and functional

status must be considered

53–59 7.0–7.5

ADA and American Geriatrics Society

Consensus report

Healthy

Few coexisting illnesses, intact cognitive and functional

status

\59 \7.5

Complex/intermediate

Multiple, coexisting chronic illnesses or 2 or more

instrumental activities of daily living impairments or mild

to moderate cognitive impairment

\64 \8.0

Very complex/poor health

In long-term care or with end-stage chronic illnesses,

moderate to severe cognitive impairment or dependence

for more than 2 activities of daily living

\70 \8.5

ADA American Diabetes Association, EASD European Association for the Study of Diabetes, EDWPOP European Diabetes Working Party for

Older People, HbA1c Glycated Haemoglobin, IAGG International Association of Gerontology and Geriatrics
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6.1 Insulin Sensitisers: Biguanides

and Thiazolidinediones

Metformin, the only biguanide now available in most

countries [81], acts primarily by insulin sensitisation of the

liver, thereby reducing hepatic glucose production [82]. It

is the first-line choice for treating T2DM in the older

person in view of its efficacy, weight neutrality and low

risk of hypoglycaemia [80, 83]. In fact, it may even have

cardiovascular protective benefits [84], although this

requires further evidence. It is, however, associated with

gastrointestinal side effects and vitamin B12 deficiency,

which can also affect cognitive function [82].

Presence of chronic kidney disease may prohibit the use of

metformin. Metformin is primarily excreted by the kidneys,

and cases of lactic acidosis have been described in patients

with severe renal failure. Therefore, current UK guidelines

recommend avoiding metformin in people with an estimated

glomerular filtration rate (eGFR) of less than 30 ml/min,

with dose reduction advised at 45 ml/min [67, 68]. This is

relevant considering that chronic kidney disease caused by

diabetes is highly prevalent in the elderly population [85].

TZDs are peroxisome proliferator–activated receptor-c
modulators and increase the sensitivity of muscle, fat, and

liver to insulin [86]. TZDs have a much lower risk of

hypoglycaemia when compared with sulfonylureas (9.8 vs.

Fig. 4 Clinical guidelines for type 2 diabetes mellitus in the elderly:

European Diabetes Working Party for Older People 2011 (Source:

reproduced from Sinclair et al. [50]. With permission from Elsevier

Masson SAS). HbA1c Glycated haemoglobin, DPPIV inhibitors

Dipeptydyl dipeptidase-IV inhibitors, GLP-1 Glucagon-like peptide-1
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38.7 %) [87]; however, they have a number of side effects

that may preclude their use in elderly patients [15].

The most common adverse effects with TZDs are weight

gain and fluid retention. Indeed, TZDs have been strongly

associated with an increased risk of congestive cardiac

failure, with a meta-analysis of three randomised controlled

trials of TZDs versus placebo presenting an odds ratio (OR)

of 2.1 for the risk of heart failure [88]. Other meta-analyses

have shown similar associations [89, 90], and TZDs are now

contraindicated in patients with known heart failure, which

is a relatively common comorbidity in the elderly popula-

tion with diabetes [91]. Long-term TZD use also seems to

double the risk of fractures in women with T2DM [92],

particularly distal upper and lower limb fractures [93, 94].

Therefore TZDs (of which only pioglitazone is now avail-

able) are suitable only in selected patients who are not at

high risk of heart failure or bone loss or who do not have a

previous history of osteoporosis [76].

6.2 Insulin Secretagogues: Sulfonylureas

and Meglitinide Analogues

There is a need to intensify therapy in line with the natural

progression of diabetes. However, once other agents are

added to metformin, the risk of hypoglycaemia rises [95].

Insulin and sulfonylureas are the most common drug

classes associated with hypoglycaemia, with the incidence

of severe hypoglycaemia being 2.76 per 100 patients per

year with insulin and 1.23 per 100 patients per year with

sulfonylureas in older people [96].

The risk of hypoglycaemia with sulfonylureas varies with

different agents. Glibenclamide is associated with the high-

est risk of hypoglycaemia (RR 1.83; 95 % CI 1.35–2.49)

when compared with other sulfonylureas [97] and should not

be used in people over the age of 60 years. Gliclazide has the

lowest hypoglycaemia risk association and is endorsed

(along with glipizide and glimepiride as acceptable alterna-

tives) for use in older people with T2DM in the World Health

Organisation (WHO) Essential Medicine List for adults [75].

Moreover, since sulfonylureas are metabolised by the

cytochrome P450 liver enzymes (CYP2CP), other medi-

cations also metabolised through this system might reduce

their metabolism and amplify their hypoglycaemic effects

[98].

Meglitinide analogues promote insulin secretion from

the beta cell in response to glucose. Their advantages

include rapid absorption, stimulation of insulin release

within a few minutes, rapid metabolism in the liver and

excretion via the biliary system rather than via the kidney.

They impart a lower risk of hypoglycaemia because of their

rapid action and are administered before meals so are

beneficial in the reduction of postprandial hyperglycaemia.

While they may be beneficial in elderly people who eat

irregularly, their dosing frequency and high cost have been

found to be a hindrance [15].

6.3 Incretin-Based Therapies: Glucagon-Like Peptide-1

Agonists and Dipeptidyl Dipeptidase-4 Inhibitors

Glucagon-like peptide-1 (GLP-1) agonists augment glu-

cose-mediated insulin release. They can be used as second-

or third-line therapy in obese (body mass index[35) older

adults with poor tolerance to or lack of response to other

agents [76]. Although they are not associated with hypo-

glycaemia unless combined with sulfonylureas [99], they

do cause a high frequency of gastrointestinal side effects

and promote weight loss [100], which may not be a suitable

outcome in a frail elderly person.

The risk of hypoglycaemia with dipeptidyl dipeptidase-4

(DPP-4) inhibition is also only significant if the drug is co-

prescribed with sulfonylureas. Most guidelines now accept

DPP-4 inhibitors as a second-line therapeutic option if

metformin is poorly tolerated or the risk of hypoglycaemia

precludes sulfonylurea use [50, 76].

The Individualised Treatment Targets for Elderly

Patients with Type 2 Diabetes Using Vildagliptin Add-on

or Lone Therapy (INTERVAL) study examined the fea-

sibility of setting and achieving personalised glycaemic

targets in a group of patients aged over 70. In this mul-

tinational, double-blind, 24-week study, individualised

treatment targets were set for the participants on the basis

of age, baseline HbA1c, comorbidities and frailty status

before patients were assigned to receive either vildagliptin

or placebo. More patients in the vildagliptin group

reached their individualised target when compared with

placebo (52.6 vs. 27 %; adjusted OR 3.16, 96.2 % CI

1.81–5.52; p \ 0.0001), and the overall safety and toler-

ability was comparable in both groups, with a low inci-

dence of hypoglycaemia [101]. However, in this study,

hypoglycaemia was defined biochemically as a blood

glucose of \3.1 mmol/l, which is lower than the ADA

definition of B3.9 mmol/l [102] and may explain the

relatively low rates of hypoglycaemia seen in this study.

Few studies have directly examined the safety and effi-

cacy of DPP-4 inhibitors in the elderly population. Evi-

dence for use of this class of drugs in older people mainly

comes from results of analyses. In general, all DPP-4

inhibitors have been found to have similar HbA1c-lower-

ing properties (HbA1c reduction of 0.7–1.2 %) and low

hypoglycaemia risk when used as monotherapy or in

combination [103]. With the exception of linagliptin,

which is not primarily excreted via the kidneys [104], all

of these drugs require dose adjustment with progressive

renal impairment. However, it is worth noting that no

long-term studies to examine the safety of this drug class

in elderly people with T2DM have been performed and
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some concern has been expressed about possible adverse

cardiac effects of DPP-4 inhibitors.

In the Saxagliptin Assessment of Vascular Outcomes

Recorded in Patients with Diabetes Mellitus (SAVOR-

TIMI) trial, an unexplainable excess of hospitalisation for

heart failure was observed despite no effect on overall

cardiovascular morbidity and mortality [105]. This finding

requires further scientific examination, although it would

be prudent to avoid this class in people who are known to

have heart failure.

6.4 Insulin

In T2DM, counter-regulatory responses to hypoglycaemia

commence at higher blood glucose levels than in non-

diabetic people or those with type 1 diabetes [106, 107].

This may provide protection from hypoglycaemia-related

morbidity. However, as HbA1c is lowered with intensifi-

cation of therapy, these thresholds shift to lower blood

glucose levels [106].

The Fremantle Diabetes Study, a longitudinal observa-

tional cohort study of 616 patients (mean age of partici-

pants = 67 years), found that the duration of insulin

treatment was an independent risk factor for severe hypo-

glycaemia. Other predictors of severe hypoglycaemia

included renal impairment and a history of previous severe

hypoglycaemia. A lower fasting glucose but higher HbA1c,

which may represent unstable glycaemic control, was sig-

nificantly associated with the frequency of severe hypo-

glycaemia [108]. These findings highlight the potential to

identify people with unstable glycaemic control who may

be prone to recurrent severe hypoglycaemia and allow

insulin therapy to be tailored to meet individual targets.

A retrospective survey of insulin-treated T2DM patients

in Edinburgh, where the median age of participants was

68 years, has mirrored these findings [109]. This is

unsurprising as insulin clearance decreases with age, which

may enhance the risk of hypoglycaemia in elderly people

[110–112]. Nevertheless, insulin is often required and can

have a beneficial effect on the well-being of elderly people

with poorly controlled T2DM [113]. Long-acting basal

insulin analogues are often used in this group [114] as their

advantages include a reduced risk of nocturnal hypogly-

caemia and a more physiological pharmacological profile

[15, 115]. An open-label randomised control trial of elderly

patients to compare the addition of once-daily insulin

glargine to oral hypoglycaemic therapy with the up-titra-

tion of existing oral anti-diabetes therapy found that the

addition of glargine resulted in fewer hypoglycaemic

events (23 vs. 79, p = 0.030), which were experienced by

fewer of the participants (9 vs. 17, p = 0.045) [116]. A

pooled post hoc analysis of three open-label randomised

studies comparing insulin detemir and isophane insulin

revealed comparable efficacy with a lower risk of hypo-

glycaemia in younger (18–64 years) and in older

(C65 years) patients. The RR of hypoglycaemia from

detemir versus isophane insulin was 0.59 (95 % CI

0.42–0.83) in the older group [117].

Similarly, a pooled analysis of data from five random-

ised controlled trials showed that addition of insulin glar-

gine to oral anti-diabetes drugs in adults aged 65–80 years

was associated with greater reductions in HbA1c (-1.5 vs.

-1.1 %) and fasting blood glucose (-4.7 vs. -4.1 mmol/l)

when compared with isophane insulin. Although this study

showed a reduction in the rate of nocturnal hypoglycaemia

between insulin glargine and isophane insulin in the

65–80 year age group (1.46 vs. 3.16 events/person per year

of symptomatic nocturnal events), this did not reach sta-

tistical significance [118]. A recent analysis of private

health insurance claims in America highlights the signifi-

cant financial cost associated with these modest reductions

in hypoglycaemia. The use of insulin analogues amongst

123,486 participants rose from 18.9 % in 2000 to 91.5 % in

2010 (p \ 0.001), while the use of human insulin declined

from 96.4 to 14.8 % over the same period (p \ 0.001).

Median costs per insulin prescription rose from US$19 in

the year 2000 to US$36 in 2010 (p \ 0.001). The observed

fall in the rate of severe hypoglycaemia from 21.1 events

per 1,000 person-years in 2000 to 17.7 per 1,000 in 2010

did not reach statistical significance (p = 0.054) [119].

Even so, when hospital admission rates for Medicare

beneficiaries in the USA were examined, elderly people

over the age of 75 had double the admission rate for

hypoglycaemia compared with a younger age group

(65–74 years) [120]. Therefore, in this specific group of

patients, the cost–benefit ratio may favour basal insulin

analogues despite some dubiety about their ability to

reduce hypoglycaemia when compared with isophane

insulin.

Indeed, the EDWPOP guidelines suggest considering

long-acting insulin analogues rather than isophane insulin

for older patients who require the assistance of a carer,

those residing in care homes or for whom there is a defined

higher risk of hypoglycaemia (evidence level 1?; grade of

recommendation A) [50]. Similarly, the NICE and SIGN

guidelines in the UK recommend using insulin analogues

only if significant concern exists about the risk of hypo-

glycaemia and if assistance from a healthcare professional

is required for administration of insulin. The recommen-

dation otherwise is for the use of isophane insulin as

standard when initiating insulin therapy [67, 68].

Insulin degludec, the new ultra-long-acting insulin with

a half-life of [25 h [121], may have a role in limiting the

risk of hypoglycaemia in elderly people. A meta-analysis

of seven treat-to-target phase III trials examined hypogly-

caemia rates associated with the use of insulin degludec
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and insulin glargine in elderly patients with T2DM and

found that the estimated rate ratios for overall confirmed

hypoglycaemia and nocturnal hypoglycaemia were con-

siderably lower with insulin degludec [0.76 (95 % CI

0.61–0.95) and 0.64 (95 % CI 0.43–0.95), respectively]

[122]. Nonetheless, more studies that specifically focus on

the safety and efficacy of insulin degludec in older people

are required before its use can be widely recommended.

As the decline in beta-cell function progresses, the

addition of basal insulin alone may not prove fruitful in

achieving the individualised glycaemic targets set for the

patient, and prandial or biphasic insulin may be required

even in the older age groups [123]. Once again insulin

analogues are preferred over soluble (regular) or human

insulin in this situation as they offer a better pharmacoki-

netic profile and greater ease of use [124]. The importance

of patient and carer education for safe implementation of

insulin therapy cannot be stressed enough [50]. Further-

more, other anti-diabetes medications, in particular sulfo-

nylureas may no longer be required once prandial insulin is

commenced, and a review of medications should be

undertaken at this point to prevent the later risk of severe

hypoglycaemia.

7 Polypharmacy and the Risk of Drug Interactions

Polypharmacy is common in older people, and those with

T2DM are often receiving medications to ameliorate

cardiovascular risk or symptoms of diabetes-related

complications such as peripheral neuropathy. Polyphar-

macy per se is associated with increased morbidity. For

example, one study showed that concomitant use of six or

more drugs in elderly people was associated with a greater

risk of falls [125]. This must also be considered when

intensifying diabetes therapies in the elderly person as this

population is already vulnerable to falls and related

fractures.

8 Conclusion

Type 2 diabetes is increasingly common in the elderly

population and can have detrimental effects on this age

group. Evidence for glycaemic targets in frail, elderly

people with T2DM is lacking. Nonetheless, the burden of

diabetes is greater in this group of patients in view of the

co-existence of other geriatric syndromes, along with the

usual micro- and macrovascular complications of diabetes.

Therefore, current recommendations emphasise that the

optimisation of glycaemic control in an older person with

diabetes must be individualised. Although the overall goals

of management are similar to those of younger people, they

must be tailored to the elderly individual depending on

their functional status, life expectancy, disease duration

and risk of hypoglycaemia, including impaired hypogly-

caemia awareness. The choice of anti-diabetes therapies

should aim to limit polypharmacy and should follow the

same principle of individualised care by taking into

account patient preference, ability to self-manage diabetes

and available support and resources [80]. This will enable

older adults to minimise the consequences of hyperglyca-

emia safely while avoiding the risk and consequences of

acute hypoglycaemia.
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