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The prevalence of diabetes is increasing especially in older age due to increased life 
expectancy. In old age, diabetes is associated with high comorbidity burden and 
increased prevalence of geriatric syndromes including frailty in addition to micro- 
and macro-vascular complications. The emergence of frailty may change the natural 
history of Type 2 diabetes from a progressive to a regressive course with increased risk 
of hypoglycemia. This may result in normalization of blood glucose levels and lead to a 
state of burnt-out diabetes in frail older people with significant weight loss. Although 
guidelines suggest relaxed glycemic control in frail elderly with diabetes, complete 
withdrawal of hypoglycemic medications may be necessary in these frail populations 
to reduce the risk of hypoglycemia.

Lay abstract: Diabetes is a common disease especially in older people. Aging is 
associated with reduced appetite and reduced food intake due to lack of exercise and 
diminished energy consumption. In certain individuals this may be significant leading 
to weight loss, malnutrition and the development of frailty. As a result the doses of 
diabetes medications may be too strong for this frail population especially if they 
have organ dysfunction reducing medication clearance and increasing the risk of low 
blood glucose level events. Therefore, reduction or complete withdrawal of diabetes 
medications may be considered in this frail group.
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The prevalence of diabetes is rising with 
increasing age. In France, the prevalence has 
increased to 14.2% in those aged 65–74 years, 
peaking at 19.7% in men and 14.2% in 
women aged 75–79 years [1]. In the US, total 
diabetes prevalence is estimated to be 14% of 
the population and is highest in those aged 
≥65 years and by the year 2050 diabetes prev-
alence could be as high as 33% of the whole 
population [2]. Diabetes is particularly dis-
abling in older people due to the emergence 
of geriatric syndromes including frailty in 
addition to the traditional micro and macro-
vascular complications. In younger patients, 
Type 2 diabetes often occurs in the context 

of obesity and associated insulin resistance. 
Therefore, treatment in younger age is usu-
ally based on lifestyle modifications such as 
weight loss and progressive drug therapy to 
achieve glycemic control. However, aging is 
associated with a marked decrease in body-
weight and food intake [3]. Therefore, in frail 
older people with Type 2 diabetes, declining 
body function associated with weight loss 
and malnutrition may lead to normogly-
cemia, increased risk of hypoglycemia and 
reduced body needs of hypoglycemic medica-
tions suggesting that a therapeutic approach 
to reduce or even withdraw hypoglycemic 
medications in those frail population may be 
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appropriate. This article reviews the impact of frailty 
on normalization of blood glucose levels increasing the 
risk of hypoglycemia and the clinical implications of 
frailty on the management plan of frail older people 
with Type 2 diabetes.

Methods
We have performed a search of MEDLINE and Embase 
from January 1969 to November 2015 using keywords 
relating to frailty, diabetes mellitus, management, 
older people, insulin sensitivity, insulin resistance and 
glucose/insulin dynamics. Only English language arti-
cles were selected. Articles were reviewed for relevance 
by abstract. A manual review of citations in retrieved 
articles was performed in addition to the electronic 
literature search. The final list of cited references was 
chosen on the basis relevance to the topic of review.

Effect of diabetes on frailty
Older people with diabetes are complicated by various 
factors such as metabolic dysfunction, vascular disease 
and the aging process in combination with increased 
prevalence of geriatric syndromes in terms of cogni-
tive and physical dysfunction. Eventually this complex 
phenotype leads to malnutrition, physical inactivity 
and eventually to the development of frailty in some 
older people with diabetes. Frailty is a condition char-
acterized by increased vulnerability, a reduction in 
the physiological reserve and compromised ability to 
resist physical or psychological stressors [4]. Its defini-
tion is largely based on the presence of three or more 
phenotypes (weight loss, weakness, decreased physical 
activity, exhaustion and slow gait speed) (Figure 1) [5]. 
Frailty is regarded as a wasting disease with weight loss 
due to under nutrition predominantly. Under nutrition 
increases the risk of frailty by almost fourfold (odds 
ratio [OR]: 3.7; 95% CI: 1.4–9.9) [6]. When frailty 
happens to older people with diabetes, sarcopenia or 
muscle mass loss seems to be accelerated. Diabetes 
increases the risk of muscle mass loss by twofold in older 
people (≥65 years of age) compared with those without 
diabetes. Reduction in muscle protein synthesis due 
to lower testosterone and IGF1 and increase in muscle 
protein breakdown due to a higher rate of inflamma-
tion may be the underlying factors [7]. Sarcopenia due 
to diabetes may be explained by the increased catabolic 
rate induced by insulin deficiency and the increased 
accumulation intramyocellular lipid [8]. Diabetes also 
increases rate of muscle mass loss and reduces muscle 
strength leading to a reduction in muscle function and 
longer sit to stand time compared with those without 
diabetes [9]. Oral health of older people with diabetes 
contributes to the malnutrition state and progresses 
toward frailty. Poor dentition, dry mouth, reduced 

taste sensation, palatability and appetite change with 
increasing age are all associated with suboptimal nutri-
tional state [10].

Effect of frailty on diabetes
Frailty is characterized by weight loss that may increase 
insulin sensitivity and improve glucose tolerance due 
to loss of visceral fat. Therefore, with the emergence 
of frailty insulin/glucose/dynamics may shift in a 
direction that favors less hyperglycemia (Box 1).

Normoglycemia
The term ‘burnt-out diabetes’ is used to describe a con-
dition when chronic diseases associated with protein 
energy malnutrition, muscle wasting and frailty may 
lead to spontaneous resolution of hyperglycemia and 
normalization of HbA1c levels [11]. A study in the USA 
showed that about a third of patients with diabetes and 
end-stage renal disease (ESRD) on hemodialysis have 
a normal to low HbA1c level. In this 2-year cohort 
study of 23,618 patients with diabetes on hemodialy-
sis, 33% of them had HbA1c levels <6% [12]. Lower 
HbA1c, especially if <5%, was associated with poor 
survival. It is still not clear what differentiates such 
patients with normoglycemia or ‘burnt-out diabetes’ 
from other older people with diabetes who continue to 
display hyperglycemia but a suggestion that increased 
frailty in these patients might have a contributing 
role. About 18–75% of patients with ESRD on main-
tenance dialysis has malnutrition, muscle wasting or 
sarcopenia [13,14]. Frailty is strongly associated with all 
stages of chronic kidney disease (CKD) particularly in 
patients with moderate to severe CKD and the odds of 
frailty are inversely related to the estimated glomerular 
filtration rate (eGFR). Frailty occurs in 20.9% of those 
with eGFR <45 ml/min/1.73 m2. There is approxi-
mately twofold increased risk of frailty in mild CKD 
and approximately sixfold in persons with moderate to 
severe CKD and it affects up to two-thirds of patients 
with ESRD on dialysis therapy [15,16]. Frailty increases 
with aging. This study ascertained that the proportion 
of frailty gradually increased with age in patients with 
ESRD on dialysis, from 44.4% in patients younger 
than 40 years to 66.4% in patients 50–60 years of 
age to 78.8% in patients over 80 years [16]. Therefore, 
chronic wasting diseases that lead to frailty may alter 
the natural history of diabetes from a progressive into 
a regressive course. Normoglycemia in CKD could 
be partially explained by renal-specific causes such 
as reduced renal gluconeogenesis due to renal failure, 
but CKD and ESRD shared many of the same clini-
cal manifestations as advanced age in the absence of 
kidney disease, such as inactivity, loss of muscle mass, 
comorbid conditions and diminished physical and cog-
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nitive functions which have been identified as impor-
tant contributors to frailty [17]. Chronic-wasting con-
ditions are related with increased inflammation and 
oxidative stress promoting functional decline, acceler-
ated aging and increased adverse outcomes [18]. A study 
highlighted that the beneficial outcomes of reducing 
glycemia declines when frailty develops supports the 
theory of hyperglycemia tends to diminish by frailty. 
In a cohort study of 2415 older veterans with Type 2 
diabetes, mean (standard deviation [SD]) age 73.7 
(5.3) years, metformin compared with sulfonylurea, 
was associated with a 30% decreased risk of mortal-
ity among those without any frailty-related diagnoses 
but was not significantly associated with decreased risk 
of mortality among those with frailty-related markers 
after a mean (SD) 5.6 (2.3) years of follow-up. The 
hazard ratio (HR) for metformin versus sulfonyl-
urea use was 0.69 (95% CI: 0.60–0.79; p < 0.001) in 
patients without frailty and 0.92 (95% CI: 0.90–1.31; 
p-value = 0.19) in those who were frail. This suggests 
that the beneficial effect of metformin on reducing 
hyperglycemia and subsequently reducing mortality 
was attenuated in frail older people with diabetes [19]. 
There is some suggestion that frailty increases insulin 
resistance and therefore increases hyperglycemia but 
this has not been confirmed in large clinical trials. 
The Women’s Health and Ageing Study II demon-
strated dysregulation of blood glucose and insulin in 
response to oral glucose tolerance test in 73 commu-
nity dwelling women aged 84–95 years not known to 
have diabetes. Both glucose and insulin responses were 
more exaggerated and prolonged in the frail versus non 
frail or pre-frail women [20]. However, this study was 
limited by small study size and did not provide expla-
nation about the abnormal glucose-insulin dynamics 
associated with frailty. Furthermore, the frail group in 
this study, paradoxically, were significantly more obese 
than the nonfrail group (BMI: 28.4 vs 24.5; p = 0.01, 
respectively) [20]. Another study showed that insulin 
resistance increased in frail older people only when 
abdominal obesity is present while insulin resistance 
is the same in nonobese frail compared with healthy 
older persons [21]. Also frailty in some patients with 
diabetes is associated with weaker muscle strength 
rather than less muscle mass which is responsible for 
less insulin sensitivity [22].

Hypoglycemia
Hypoglycemia may cause frailty to develop and frailty 
may lead to hypoglycemia setting a vicious circle. The 
effects of hypoglycemia in older people with diabetes 
include increased morbidity, frailty, disability and poor 
quality of life [23]. Impaired autonomic response in older 
people with diabetes may cause recurrent undetected 

hypoglycemic events and that leads to cognitive impair-
ment and frailty. Recurrent hospital admissions induced 
by hypoglycemia has negative effects on older people 
with diabetes leading to further deterioration in cogni-
tive and physical function. On the other hand, frailty, 
old age and polypharmacy are associated with increased 
risk of hypoglycemia. Persons aged ≥80 years had a 
higher risk (RR: 1.8; 95% CI: 1.4–2.3) of hypoglycemia 
and those on ≥5 medications (RR:1.3; 95% CI: 1.1–1.5) 
compared with younger patients or to those on less med-
ications [24]. Older people with diabetes with multiple 
medications normally have multiple comorbidities and 
recurrent hospitalization and these are factors that may 
explain underlying frailty which subsequently linked 
to higher risk of hypoglycemia [24]. Cognitive dysfunc-
tion or dementia is also linked to hypoglycemia risk. It 

Box 1. Frailty–diabetes interaction.

Effect of diabetes on frailty
•	 Increased sarcopenia
•	 Decreased muscle protein synthesis
•	 Increased muscle protein breakdown
•	 Increased intramuscular lipid accumulation
•	 Reduced muscle quality
•	 Reduced muscle strength
Effect of frailty on diabetes
•	 Less hyperglycemia
•	 Promotes normoglycemia
•	 Increased hypoglycemic tendency
•	 Change natural history of diabetes to a regressive 

course
•	 Alter insulin/glucose dynamics
•	 Promotes a state of burnt-out diabetes
•	 Increased mortality

Phenotypes
of frailty 

ExhaustionWeakness

Weight
loss 

 Physical
activity 

 Gait
speed 

Figure 1. Phenotypes of frailty. Presence of 0–1 
phenotype = not frail, two phenotypes = pre-frail, 
≥three phenotypes = frail [5].
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has been shown that the risk of hypoglycemia doubled 
in older people with combined diabetes and dementia 
compared with those with diabetes alone [25]. Interest-
ingly hypoglycemic events occurred in older people 
with diabetes who were not taking any hypoglycemic 
medications [26,27]. This phenomenon could be related 
to malnutrition and the effect of frailty in these patients. 
The excess mortality observed in the intensive glucose 
control arm in the ACCORD study was not directly 
explained by the high rate of hypoglycemia [28]. Analysis 
of the ADVANCE study showed that severe hypoglyce-
mia contributes to adverse outcomes but indicates that 
hypoglycemia is likely to be a marker of vulnerability 
rather than a cause of such events [29]. Another study 
of a cohort of 1342 older patients with diabetes, mean 
(SD) age 73.3 (5.5) years, demonstrated that multidi-
mensional impairments increased with hypoglycemic 
events, measured by the multidimensional prognostic 
index (MPI) score suggesting that hypoglycemia is a 
predictor of frailty [30]. Data of this study highlighted 
that the prevalence of hypoglycemic events is signifi-
cantly higher in patients included in the moderate/
severe MPI risk groups who are frailer compared with 
patients included in the mild MPI risk group. Interest-
ingly, high BMI emerges to be inversely correlated to 
the multidimensional impairment confirming our sug-
gestion that frailty tend to burn-out diabetes in those 
who have significant weight loss.

Mortality
Frailty is likely to be an important factor in studies which 
showed a relationship between low HbA1c and mortal-
ity [31]. As frailty develops, due to under nutrition and 
weight loss, this will lead to hypoglycemia, lower HbA1c 

value and less hypoglycemic medications needed. Few 
studies of patients with Type 2 diabetes which showed 
a linear relationship between HbA1c and mortality, but 
without an increased risk in the lowest HbA1c catego-
ries. This is likely due to the design of studies that have 
enrolled younger patients with a shorter duration of 
diabetes and a lower comorbidity burden [32,33]. By con-
trast, patients in the studies which showed an increased 
risk of mortality in the lower HbA1c categories were 
consistently older age and had more prevalent comor-
bidities than patients in the higher HbA1c categories 
(Box 2) [34–43]. Tight glycemic control is not the sole 
causative factor for poor outcome with hypoglycemia 
or low HbA1c as hypoglycemia also been observed in 
patients without diabetes [44,45]. Although studies have 
adjusted for the associated comorbidities, it is still not 
clear whether there is an underlying residual biologi-
cal process that could explain the association between 
low HbA1c and all-cause mortality. There is hypothesis 
that patients in the lower HbA1c categories who showed 
high mortality may have underlying unmeasured fac-
tors such as frailty. Frailty was not directly measured 
in these studies, but markers of inflammation such as 
elevated ferritin level and markers of malnutrition and 
weight loss such as low cholesterol and low serum albu-
min were prevalent in patients with low HbA1c which 
may suggest poor general health and underlying frailty. 
Hence, the risk of mortality in older people with diabe-
tes could be correlated to frailty rather than to diabetes 
itself. In a cohort of 2305 individuals aged ≥70 years of 
the Canadian Study of Health and Aging, frailty is the 
strongest mortality predictor (hazard ratio [HR]: 2.72; 
95% CI: 2.34–3.16) after 5 years of follow-up [46]. In 
overweight or obese (median BMI: 34.0 kg/m2; range: 
24.8–65.1 kg/m2) older people with diabetes (median 
age: 62 years; range: 51–86 years) low HbA1c (≤6.4%) 
was not associated with increased risk of all-cause mor-
tality that may suggest that weight loss or frailty could 
be a crucial contributing factor to mortality demon-
strated with low HbA1c in other studies [47]. Spontane-
ous hypoglycemia in hospitalized patients not known 
to have diabetes was also associated with greater risk 
of hospital mortality suggesting that hypoglycemia in 
such patients is likely to be a marker of poor health and 
frailty rather than a direct cause of death [48]. Therefore, 
it is rational to consider low HbA1c as a biochemical 
marker of frailty and a surrogate marker of ‘burnt-out 
diabetes’ rather than a direct cause of adverse outcomes.

Frailty & hypoglycemic therapy
Normoglycemia in frail older patients has also been 
shown in other studies. Hypoglycemic medications 
have been safely withdrawn in a cohort of frail nursing 
home older patients with Type 2 diabetes, mean (SD) 

Box 2. Characteristics of patients with low 
HbA1c and increased mortality.

•	 Older age
•	 More prevalence of:

 – Anemia
 – Chronic kidney disease
 – Low cholesterol
 – High ferritin
 – Dementia
 – Malignancy

•	 Longer duration of diabetes
•	 More likely to be insulin treated
•	 More likely to have low blood pressure and 

abnormal liver function tests
•	 Higher level of lung, liver and heart diseases
•	 Lower bodyweight
•	 Higher markers of malnutrition and inflammation
•	 Higher smoking rate
•	 Higher cardiovascular comorbidities

Data taken with permission from [34–43].
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age 84.4 (6.8) years [49]. The mean (SD) HbA1c at the 
point of hypoglycemic medications withdrawal was 
5.2% (0.4) and 5.8% (1.1) after 6 months of follow-
up [49]. We have previously reported complete with-
drawal of hypoglycemic medications in eight patients 
in the community, mean (SD) age 86.5 (3.2) years 
attending outpatient clinic without deterioration of 
their glycemic control [50]. Hypoglycemic medications 
including insulin were completely withdrawn over 
3–6 months due to either recurrent hypoglycemia in 
six patients or tight glycemic control (HbA1c ≤6%) in 
the other two patients. During 1 year follow-up after 
complete withdrawal of hypoglycemic medications 
HbA1c remained stable with no deterioration of gly-
cemic control. The mean (SD) HbA1c at the point of 
hypoglycemic medications withdrawal was 6.2% (0.8) 
and 6.5% (0.7) at 1 year of follow-up. The minimum 
HbA1c before medications withdrawal was 4.6% and 
the maximum was 7.9% after 1 year of follow-up. 

Liver and renal functions were similar at the point of 
medication withdrawal compared with their levels at 
the point of introducing diabetes treatment suggesting 
that recurrent hypoglycemia in these patients was not 
due to progressive organ dysfunctions. Possible indica-
tors for successful withdrawal of hypoglycemic medi-
cations included the presence of significant weight loss 
and development of multiple comorbidities indicating 
frailty [50]. Another possibility is the development of 
dementia with increased risk of hypoglycemia. At the 
point of hypoglycemic medications withdrawal, 50% of 
patients were already diagnosed with dementia (Table 1). 
Dementia is known to increase the risk of hypoglycemia 
and medications review in this group is warranted [25].

Clinical implications
Glycemic targets should be individualized taking into 
consideration individuals’ overall health, presence of 
frailty and expected life span (Figure 2).

Table 1. Comparison of demographics on and at end of hypoglycemic treatment.

Parameter On treatment Treatment withdrawn Difference (95% CI) p-value

Comorbidities, mean (SD) 4.1 (0.9) 6.8 (1.6) 2.7 (1.3–3.9) 0.002

Patients with dementia None 4 (50%)  –

Medications, mean (SD) 6.4 (1.9) 10.1 (2.2) 3.7 (1.4–6.1) 0.01

Bodyweight (kg), mean (SD) 88 (22.4) 75.4 (21.2) 12.6 (5.9–19.3) 0.003

Mean (SD) ALT 16.8 (4.3) 18.4 (3.3) 1.6 (2.4–5.7) 0.4

Mean (SD) eGFR 46.9 (10.3) 45.1 (10.8) 1.8 (9.5–13.0) 0.7

Mean (SD) HbA1c 6.2% (0.8) 6.5% (0.7) 0.3% (-1.1–0.5) 0.4

The stable liver and kidney functions suggest that successful withdrawal of hypoglycemic medications was not due to deteriorating organ 
function.
ALT: Alanine transaminase; eGFR: Estimated glomerular filtration rate; SD: Standard deviation.
Data taken from [50].

(64–75 mmol/mol; 8–9%)

Glycemic targets (HbA1c) in older
people with diabetes mellitus  

Frail with significant
weight loss† 

Established diabetes mellitus
with multiple comorbidities  

Fit with new onset
diabetes mellitus  

(53 mmol/mol; 7%) (58–64 mmol/mol; 7.5–8%)

Figure 2. Glycemic targets in older people with diabetes mellitus.  
†Short-term targets of daily blood glucose monitoring between >4 but <15 mmol/l are more relevant than the 
long-term HbA1c due to the limited life expectancy in this population group.
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Fit older people with new onset diabetes
Long-term targets based on HbA1c should be around 
53 mmol/mol (7%) for the fit elderly in the com-
munity with new onset diabetes similar to younger 
peoples’ targets as this will likely reduce diabetes 
complications [51].

Older people with comorbidities & established 
diabetes
For older people with established cardiovascular dis-
ease, multiple comorbidities and long-standing diabe-
tes a safer target around 58–64 mmol/mol (7.5–8%) 
is more appropriate as the benefit of tighter glycemic 
control in this group is not established [31]. The ben-

efits of tight glycemic control are compromised by the 
presence of multiple comorbidities. In an analysis, there 
was a reciprocal relationship between the burden of 
comorbidities and the benefits of tight glycemic control. 
Around 1–2 points were allocated for each comorbidity, 
according to severity, to create a mortality index score. 
In people aged 60–64 years with new onset diabetes, 
the quality adjusted days declined from 106 (95% CI: 
97–117) days to 44 days (range: 38–50) with three 
additional points in mortality index score and to 8 days 
(range: 5–10) with seven additional index points [52].

Frail older people
In frail older people with diabetes short-term targets 
of daily blood glucose level monitoring are more rel-
evant than long-term targets of HbA1c considering 
their limited life expectancy. A comfortable day to 
day target of a random blood glucose between >4 but 
<15 mmol/l seems to be suitable to avoid the develop-
ment of symptoms as blood glucose outside this range 
is likely to be symptomatic [53]. Maintaining blood 
glucose in this ‘comfort zone’ may insure ‘comfort 
care’ avoiding extreme blood glucose levels to main-
tain mental function and general well-being [54]. A 
HbA1c value of around 64–75 mmol/mol (8–9%) 
is suitable as higher values (HbA1c >75 mmol/mol; 
>9.0%) is associated with increased mortality [55]. 
Also, persistent hyperglycemia should be avoided as it 
is associated with increased risk of falls and mortal-
ity [56,57]. Hypoglycemia, on the other hand, is associ-
ated with serious consequences and should be at the 
core of the therapeutic goals of frail older people with 
diabetes [58]. The increased risk of hypoglycemia in 
frail older people is not only related to tight glycemic 
control but also to the overall health condition and 
associated multiple comorbidities [59]. The emergence 
of frailty with significant weight loss and malnutrition 
may lead to a vicious circle of increased risk of hypo-

Table 2. Weight loss as a determinant of hypoglycemic medication withdrawal.

Patients First weight (kg)† Second weight (kg) First HbA1c (%) Second HbA1c (%)

1 100 70 6.3 6.5

2 95 88 7.1 6.6

3 58 50 6.0 6.8

4 74 64 7.4 7.9

5 127 114 6.0 6.6

6 102 94 5.8 6.1

7 66 60 4.6 5.3

8 82 64 6.3 6.3

First HbA1c = HbA1c at the time of medications withdrawal, second HbA1c = HbA1c after 1 year follow-up off medications. The significant 
weight loss appears to contribute to the successful withdrawal of hypoglycemic medications.
†First weight = peak weight during treatment, second weight = weight at the time of medications withdrawal.
Data taken with permission from [50].

Frailty and
weight loss 

Central obesity and
insulin resistance  

Worsening
hyperglycemia  

Progressive course
of diabetes mellitus 

Normo and
hypoglycemia 

Hypoglycemic
medication
escalation  

Hypoglycemic
medication
withdrawal 

Aging and 
weight gain

Figure 3. The emergence of frailty may alter the natural 
history of diabetes from a progressive to a regressive 
course leading to downregulation or withdrawal of 
hypoglycemic medications.
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glycemia and worsening frailty. Therefore these high-
risk patients with significant weight loss and frailty 
should be recognized by healthcare professionals and 
hypoglycemic medications review, downregulation or 
even withdrawal should be considered (Table 2). For 
example, short-acting rather than long-acting sulfo-
nylureas and long-acting analogs rather than human 
insulin are safer. Short-acting insulin analogs can be 
administered only after meal consumption to reduce 
risk of hypoglycemia if a meal is missed in patients 
with irregular eating pattern. With recurrent hypogly-
cemia in frail patients despite of medication review, 
total withdrawal of hypoglycemic medications appears 
to be safe and might decrease the risk of the serious 
consequences of hypoglycemia. Although current 
guidelines [60] suggest relaxed glycemic control in frail 
older people with diabetes, we believe that regular 
medications review should be undertaken as patients 
get older with consideration of gradual reduction or 
even complete withdrawal when frailty and significant 
weight loss emerge.

Conclusion
The natural history of Type 2 diabetes is progressive 
with increasing demands of hypoglycemic medica-
tions. Increasing age and weight gain promote the 
progressive nature of its course. However, in the frail 
older people, particularly in those with chronic wast-
ing diseases and significant weight loss, blood glucose 
levels tend to normalize with increased risk of hypo-
glycemia. Recurrent hypoglycemia in frail older people 
with diabetes is a marker of vulnerability and hypogly-
cemic medication review or even complete withdrawal 
is appropriate in this group of patients (Figure 3).

Future perspective
Frailty is an emerging complication in older people 
with diabetes and will need interventions beyond gly-
cemic control. Although it may have a positive impact 
on reducing hypoglycemic medications’ need due to 
the significant weight loss, it has an overall a negative 
effect on the outcome with increased mortality. The 
effect of frailty on glucose/insulin dynamics and its 
relation with insulin sensitivity/resistance and pos-
sible amelioration of hyperglycemia will need further 
research. There is a need for studies exploring interven-
tions to delay or prevent frailty and disability in older 
people with diabetes. Improvement in functional level 
may be more relevant than glycemic control in this 
population. The multimodal intervention (resistance 
exercise training, diet and education) proposed by the 
MID-Frail study in the frail and pre-frail individu-
als aged ≥70 years with Type 2 diabetes may improve 
function and preserve self autonomy [61].
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Executive summary

•	 The natural history of Type 2 diabetes is progressive with increasing hyperglycemia over time requiring 
escalation of hypoglycemic medications.

•	 With the emergence of frailty and weight loss the natural history of Type 2 diabetes shifts from a progressive 
into a regressive course leading to normalization of blood glucose levels and increased risk of hypoglycemia.

•	 Hypoglycemic medications review or withdrawal is appropriate in frail older people with recurrent 
hypoglycemia.



10.4155/fsoa-2015-0016 Future Sci. OA (2016) FSO102 future science groupfuture science group

Review    Abdelhafiz, Koay & Sinclair

•	 Definition	and	criteria	of	frailty.

6 Boulos C, Salameh P, Barberger-Gateau P. Malnutrition and 
frailty in community dwelling older adults living in a rural 
setting. Clin. Nutr. doi:10.1016/j.clnu.2015.01.008 (2015) 
(Epub ahead of print).

7 Lee JSW, Auyeung TW, Leung J et al. The effect of diabetes 
mellitus on age-associated lean mass loss in 3153 older adults. 
Diabet. Med. 27, 1366–1371 (2010).

8 Landi F, Onder G, Bernabei R. Sarcopenia and diabetes: two 
sides of the same coin. J. Am. Med. Dir. Assoc. 14, 540–541 
(2013).

9 Leenders M, Verdijk LB, van der Hoeven L et al. Patients with 
type 2 diabetes show a greater decline in muscle mass, muscle 
strength, and functional capacity with aging. J. Am. Med. Dir. 
Assoc. 14, 585–592 (2013).

10 Rizvi AA. Nutritional challenges in the elderly with diabetes. 
Intern. J. Diabetes Mellitus 1, 26–31 (2009).

11 Kovesdy CP, Park JC, Kalantar-Zadeh K. Glycemic control 
and burnt-out diabetes in ESRD. Semin. Dial. 23, 148–156 
(2010).

•	 Concept	of	burnt-out	diabetes	in	end-stage	renal	disease.

12 Kalantar-Zadeh K, Kopple JD, Regidor DL et al. A1C and 
survival in maintenance hemodialysis patients. Diabetes Care 
30, 1049–1055 (2007).

13 Kalantar-Zadeh K, Ikizler TA, Block G et al. 
Malnutrition–inflammation complex syndrome in dialysis 
patients: Causes and consequence. Am. J. Kidney Dis. 42, 
864–881 (2003).

14 Kovesdy CP, Kalantar-Zadeh K. Why is protein-energy 
wasting associated with mortality in chronic kidney disease? 
Semin. Nephrol. 29, 3–14 (2009).

15 Wilhelm-Leen ER, Hall YN, Tamura MK et al. Frailty and 
chronic kidney disease: the third national health and nutrition 
evaluation survey. Am. J. Med. 122, 664–671 (2009).

16 Johansen KL, Chertow GM, Jin C et al. Significance of frailty 
among dialysis patients. J. Am. Soc. Nephrol. 18, 2960–2967 
(2007).

17 Fried LP, Ferrucci L, Darer J et al. Untangling the concepts of 
disability, frailty, and comorbidity: implications for improved 
targeting and care. J. Gerontol. A Biol. Sci. Med. Sci. 59, 
255–263 (2004).

18 Holley JL. The hypothalamic–pituitary axis in men and 
women with chronic kidney disease. Adv. Chronic Kidney Dis. 
11, 334–341 (2004).

19 Wang CP, Lorenzo C, Espinoza SE. Frailty attenuates the 
impact of metformin on reducing mortality in older adults 
with Type 2 diabetes. J. Endocrinol. Diabetes Obes. 2, 1031 
(2014).

•	 Effect	of	frailty	in	reducing	the	benefits	of	metformin.

20 Kalyani RR, Varadhan R, Weiss CO et al. Frailty status and 
altered glucose–insulin dynamics. J. Gerontol. A Biol. Sci. 
Med. Sci. 67, 1300–1306 (2012).

21 Goulet ED, Hassaine A, Dionne IJ et al. Frailty in the elderly 
is associated with insulin resistance of glucose metabolism 
in the postabsorptive state only in the presence of increased 
abdominal fat. Exp. Gerontol. 44, 740–744 (2009).

22 Kim TN, Park MS, Yang SJ et al. Prevalence and 
determinant factors of sarcopenia in patients with Type 2 
diabetes. Diabetes Care 33, 1497–1499 (2010).

23 Skyler JS, Bergenstal R, Bonow RO et al. Intensive 
glycemic control and the prevention of cardiovascular 
events: implications of the ACCORD, ADVANCE, and 
VA diabetes trials: a position statement of the American 
Diabetes Association and a scientific statement of the 
American College of Cardiology Foundation and the 
American Heart Association. J. Am. Coll. Cardiol. 53, 
298–304 (2009).

24 Shorr RI, Ray WA, Daugherty JR et al. Incidence and risk 
factors for serious hypoglycaemia in older persons using 
insulin or sulfonylureas. Arch. Intern. Med. 157, 1681–1686 
(1997).

25 Feil DG, Rajan M, Soroka O et al. Risk of hypoglycemia 
in older veterans with dementia and cognitive impairment: 
implications for practice and policy. J. Am. Geriatr. Soc. 59, 
2263–2272 (2011).

26 Whitmer RA, Karter AJ, Yaffe K et al. Hypoglycemic 
episodes and risk of dementia in older patients with Type 2 
diabetes mellitus. JAMA 301, 1565–1572 (2009).

27 Aung PP, Strachan MWJ, Frier BM et al. Severe 
hypoglycaemia and late-life cognitive ability in older people 
with Type 2 diabetes: the Edinburgh Type 2 Diabetes Study. 
Diabet. Med. 29, 328–336 (2012).

28 Bonds DE, Miller ME, Bergenstal RM et al. The association 
between symptomatic, severe hypoglycaemia and mortality 
in Type 2 diabetes: retrospective epidemiological analysis of 
the ACCORD study. BMJ 340, b4909 (2010).

••	 Hypoglycemia	as	a	marker	of	vulnerability	and	frailty.

29 Zoungas S, Patel A, Chalmers J et al. Severe hypoglycemia 
and risks of vascular events and death. N. Engl. J. Med. 363, 
1410–1418 (2010).

30 Pilotto A, Noale M, Maggi S et al. Hypoglycemia 
is independently associated with multidimensional 
impairment in elderly diabetic patients. Biomed. Res. Int. 
2014, 906103 (2014).

•	 Hypoglycemia	as	a	marker	of	disability.

31 Abdelhafiz AH, Sinclair A. Low HbA1c and increased 
mortality risk-is frailty a confounding factor? Aging Dis. 
6(4), 262–270 (2014).

32 Eeg-Olofsson K, Cederholm J, Nilsson PM et al. New 
aspects of HbA1c as a risk factor for cardiovascular diseases 
in Type 2 diabetes: an observational study from the Swedish 
National Diabetes Register (NDR). J. Intern. Med. 268, 
471–482 (2010).

33 Elley CR, Kenealy T, Robinson E et al. Glycated 
haemoglobin and cardiovascular outcomes in people with 
Type 2 diabetes: a large prospective cohort study. Diabet. 
Med. 25, 1295–1301 (2008).

34 Aguilar D, Bozkurt B, Ramasubbu K et al. Relationship of 
hemoglobin A1C and mortality in heart failure patients with 
diabetes. J. Am. Coll. Cardiol. 54, 422–428 (2009).

35 Currie CJ, Peters JR, Tynan A et al. Survival as a function 
of HbA (1c) in people with Type 2 diabetes: a retrospective 
cohort study. Lancet 375, 481–489 (2010).



www.future-science.com 10.4155/fsoa-2015-0016www.future-science.comfuture science groupfuture science group

The effect of frailty should be considered in the management plan of older people with Type 2 diabetes    Review

36 Carson AP, Fox CS, McGuire DK et al. Low hemoglobin 
A1c and risk of all-cause mortality among US adults without 
diabetes. Circ. Cardiovasc. Qual. Outcomes 3, 661–667 
(2010).

37 Shurraw S, Hemmelgarn B, Lin M et al. Association between 
glycemic control and adverse outcomes in people with 
diabetes mellitus and chronic kidney disease. Arch. Intern. 
Med. 171, 1920–1927 (2001).

38 Colayco DC, Niu F, Mccombs JS et al. A1C and 
cardiovascular outcomes in Type 2 diabetes. Diabetes Care 
34, 77–83 (2011).

39 Ricks J, Molnar MZ, Kovesdy CP et al. Glycemic control 
and cardiovascular mortality in hemodialysis patients with 
diabetes. A 6-year cohort study. Diabetes. 61, 708–715 
(2012).

40 Monami M, Vitale V, Lamanna C et al. HbA1c levels and all-
cause mortality in Type 2 diabetic patients: epidemiological 
evidence of the need for personalised therapeutic targets. 
Nutr. Metab. Cardiovasc. Dis. 23, 300–306 (2013).

41 Nichols GA, Joshua-Gotlib S, Parasuraman S. Glycemic 
control and risk of cardiovascular disease hospitalization and 
all-cause mortality. J. Am. Coll. Cardiol. 62, 121–127 (2013).

42 Engoren M, Schwann TA, Arslanian-Engoren C et al. 
U-shape association between hemoglobin A1c and late 
mortality in patients with heart failure after cardiac surgery. 
Am. J. Cardiol. 111, 1209–1213 (2013).

43 Nicholas J, Charlton J, Dregan A et al. Recent HbA1c values 
and mortality risk in Type 2 diabetes. Population-based 
case–control study. PLoS ONE 8, e68008 (2013).

44 Selvin E, Steffes MW, Zhu H et al. Glycated hemoglobin, 
diabetes and cardiovascular risk in nondiabetic adults. 
N. Engl. J. Med. 362, 800–811 (2010).

45 Carson AP, Fox CS, McGuire DK et al. Low hemoglobin 
A1c and risk of all-cause mortality among US adults without 
diabetes. Circ. Cardiovasc. Qual. Outcomes 3, 661–667 
(2010).

46 Hubbard RE, Andrew MK, Fallah N et al. Comparison 
of the prognostic importance of diagnosed diabetes, co-
morbidity and frailty in older people. Diabet. Med. 27, 
603–606 (2010).

47 Andersson C, van Gaal L, Caterson ID et al. Relationship 
between HbA1c levels and risk of cardiovascular adverse 
outcomes and all-cause mortality in overweight and obese 
cardiovascular high-risk women and men with Type 2 
diabetes. Diabetologia 55, 2348–2355 (2012).

48 Boucai L, Southern WN, Zonszein J. Hypoglycemia-
associated mortality is not drug-associated but linked to 
comorbidities. Am. J. Med. 124, 1028–1035 (2011).

•	 Hypoglycemia	as	a	marker	of	comorbidity.

49 Sjoblom P, Tengblad A, Lofgren UB et al. Can diabetes 
medication be reduced in elderly patients? An observational 
study of diabetes drug withdrawal in nursing home patients 
with tight glycaemic control. Dib. Res. Clin. Pract. 82, 
197–202 (2008).

50 Abdelhafiz AH, Chakravorty P, Gupta S et al. Can 
hypoglycaemic medications be withdrawn in older people 
with Type 2 diabetes? Int. J. Clin. Pract. 68, 790–792 (2014).

51 Holman RR, Paul SK, Bethel MA et al. 10-year follow-up of 
intensive glucose control in Type 2 diabetes. N. Engl. J. Med. 
359, 1577–1589 (2008).

52 Huang ES, Zhang Q, Gandra N et al. The effect of comorbid 
illness and functional status on the expected benefits of 
intensive glucose control in older patients with Type 2 
diabetes: a decision analysis. Ann. Intern. Med. 149, 11–19 
(2008).

•	 Benefits	of	glucose	control	declines	with	increasing	
comorbidities.

53 Cox DJ, Kovatchev BP, Gonder-Frederick LA et al. 
Relationships between hyperglycemia and cognitive 
performance among adults with Type 1 and Type 2 diabetes. 
Diabetes Care 28, 71–77 (2005).

54 Lee SJ, Eng C. Goals of glycemic control in frail older 
patients with diabetes. JAMA 305, 1350–1351 (2011).

55 Huang ES, Liu JY, Moffet HH et al. Glycemic control, 
complications, and death in older diabetic patients: the 
diabetes and aging study. Diabetes Care 34, 1329–1336 
(2011).

56 Schwartz AV, Vittinghoff E, Sellmeyer DE, Health, Aging, 
and Body Composition Study et al. Diabetes-related 
complications, glycaemic control, and falls in older adults. 
Diabetes Care 31, 391–396 (2008).

57 Blaum CS, Volpato S, Cappola AR et al. Diabetes, 
hyperglycaemia and mortality in disabled older women: 
The Women’s Health and Ageing Study I. Diabet. Med. 22, 
543–550 (2005).

58 Goto A, Arah OA, Goto M et al. Severe hypoglycaemia and 
cardiovascular disease: systematic review and meta-analysis 
with bias analysis. BMJ 347, f4533 (2013).

59 Abdelhafiz AH, Sinclair AJ. Hypoglycaemia in residential 
care homes. Br. J. Gen. Pract. 59, 49–50 (2009).

60 American Diabetes Association. Executive summary: 
standards of medical care in diabetes – 2014. Diabetes Care 
37, S14–S80 (2010).

61 Rodríguez-Mañas L, Bayer AJ, Kelly M et al. An evaluation 
of the effectiveness of a multi-modal intervention in frail and 
pre-frail older people with Type 2 diabetes – the MID-Frail 
study: study protocol for a randomised controlled trial. Trials 
15, 34 (2014).


