
Introduction

There is a co ntinuous increase in the pr evalence
of type 2 diabetes especially in persons over 65 years of
age. The r ate of occurr ence of this disease incr eases
from 1% to 2% amo ng perso ns aged fr om 20 to 39
years to up to around 20% in those aged 60 to 74 years
(1). Most patients with diabetes hav e the t ype 2, or
non-insulin-dependent, form of this disor der, and
nearly half of all persons with type 2 diabetes are aged
over 65 y ears (2). This association between an aging
population and incr easing pr evalence of t ype 2 dia-
betes is of particular concern because modern diabetes
care sy stems for older people r equire integr ated c are
with a m ulti-dimensional approach focusing o n pre-
venting diabetic co mplications, early inter vention for
vascular disease, and disability assessment.

The Eur opean Diabetes Working P arty guide -
lines for t ype 2 diabetes in older perso ns was estab -
lished in December 2000 to ensure that older people
in societies acr oss the Eur opean Union hav e consis-
tent and high qualit y diabetes c are throughout their
lives (3). These guidelines specific ally take into co n-
sideration the impor tance of the fr ailty sy ndrome in
older perso ns with diabetes. In this r eview, we wil l
outline the effects of aging on metabolic control in pa-
tients with t ype 2 diabetes mel litus, and the impor -
tance of the guidelines for type 2 diabetes in older per-
sons at r isk of disabilit y. We descr ibe so me of the
available anti-diabetic or al agents used in older per -
sons, including r ecent dr ugs suc h as, the dipeptidy l
peptidase-4 [DPP-4] inhibitors, sitagliptin and
vildagliptin, and their potential advantages o n pr e-
venting disabilit y. The metabolic and c linical advan-
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tages of diverse anti-diabetic oral agents on tolerabili-
ty and qualit y-of-life benefits as wel l as mec hanisms
on preventing disability in older perso ns with t ype 2
diabetes will also be discussed.

Diabetes in the Elderly

The diagnosis and treatment of type 2 diabetes in
older persons poses unique c hallenges. Due to physi-
ologic c hanges associated with aging , an elder ly pa-
tient with t ype 2 diabetes ma y not pr esent c lassic
symptoms. Many age-r elated c hanges c an alter the
clinical presentation of diabetes and make its diagno-
sis pr oblematic. Typical sy mptoms of h yperglycemia
such as pol yuria, polydipsia and pol yphagia ma y be
masked (4). The renal threshold for glucose incr eases
with advanced age, and glucosuria may not be detect-
ed (5). Polydipsia c an be absent, and the initial pr e-
sentation among elderly patients ma y be dehydration
with altered thirst per ception and dela yed fluid sup-
plementation. More of ten, changes such as dr y eyes,
dry mouth, confusion, incontinence or co mplications
relating to diabetes are presenting symptoms. Further-
more, older perso ns with t ype 2 diabetes mor e fr e-
quently present functional disability, cognitive decline,
increased bone fracture, and hypoglycemic events en-
compassing comorbid il lnesses that co ntribute to the
complexity of type 2 diabetes.Advanced aging is char-
acterized by a number of pathop hysiological alter-
ations, which can often lead to frailty. Frailty is a syn-
drome of decreased reserve and resistance to stressors
and is c linically expr essed as m uscle weakness, poor
exercise tolerance, factors related to body composition,
sarcopenia, and disabilit y. Indeed, a fur ther pr oblem
occurring in the elder ly is a tight junctio n bet ween
age-related metabolic c hanges and the occurr ence of
co-morbidities which might be responsible for the de-
velopment of fr ailty sy ndrome. Even though, the
downward spiral of frailty is activated more quickly in
older persons with type 2 diabetes, it is reversible with
appropriate interventions before reaching a high level
of severity (6). The hazard for ger iatric patients with
type 2 diabetes is that fr ailty may compound some of
the complications that ar e already associated with or
caused by their diabetes. Frailty is in itself associated

with cognitive impairment, reduced ability to perform
activities of dail y living , increased expr ession of in -
flammatory and coagulatio n mar kers that ma y co n-
tribute to the adverse microvascular effects of diabetes
(7-9). Although metabolic co ntrol is the main target
in older persons with type 2 diabetes, frail individuals
are a specific group in need of improving diverse clin-
ical features during initial ther apy with or al anti-dia-
betic agents. Therefore, the prescription of an anti-di-
abetic tr eatment in these individuals m ust take into
consideration not o nly the standar d goal of lo wering
hyperglycemic le vels, but also tr eating the additio nal
features descr ibed abo ve. As il lustrated in figur e 1,
European Diabetes Working Party has added the sig-
nificance of the frailty syndrome to their guidelines.In
particular, the metabolic target r ange of HbA1c is:
<8% in the pr esence of fr ailty while in no n-frail the
range is: <7%. Another important parameter that the
guidelines specific ally take into co nsideration is the
risk of severe h ypoglycemia and it ’s r ole o n star ting
anti-diabetic oral treatment (Figure 1).

Available or al agents and limitations for diabetes in
older adults

Oral anti-diabetic agents available today include:
insulin secretagogues (meglitinides and sulfonylureas),
biguanides (metformin), α-glucosidase inhibitors, thi-
azolidinediones (TZDs). Although such agents hav e
established shor t-term beneficial eff ects, none hav e
successfully demo nstrated a lasting eff ect o n β-cell
dysfunction. Unfortunately, as t ype 2 diabetes pr o-
gresses, polypharmacy intensific ation is nor mally r e-
quired to maintain adequate gl ycemic control, carry-
ing with it an increased r isk of adv erse events, espe-
cially in older persons. Indeed, the changes in normal
metabolism of drugs with age and the development of
other pathologies make it impor tant that these dr ugs
are prescribed with care in older patients.

Metformin lowers blood glucose le vels by sensi-
tizing the liver to the effects of insulin, thus suppress-
ing hepatic glucose output. It also has mild eff ects on
promoting glucose utiliz ation. A r ecent study found
that metformin therapy (either alo ne or in co mbina-
tion) lowered all-cause mortality rates in a large sam-
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Figure 1. European Diabetes Working Guidelines for Type 2 Diabetes in Older Persons
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ple of older type 2 diabetics (10). Metformin in com-
bination with insulin has been sho wn to be advanta -
geous in avoiding weight gain and h ypoglycemia, but
is associated with gastr ointestinal side eff ects such as
nausea, diarrhea and abdominal pain, which are clear-
ly dose dependent, especially in elder ly people (11).
The r eason that metfor min-treated subjects lose
weight or avoid weight gain is not co mpletely under-
stood; however, anorectic pr operties with associated
reduced caloric intake have been reported. Therefore,
treatment with metfor min in older fr ail adults with
type 2 diabetes could worsen age-r elated c hanges in
caloric intake. Furthermore, metformin m ust be
avoided in those at an increased risk of lactic acidosis,
such as those with renal impairment, hepatic dysfunc-
tion, congestive hear t failure and metabolic acidosis,
all common clinical problems found in older perso ns.
Metformin ma y also c ause B 12 malabsorption whic h
can be extr emely cr ucial for patients with per ipheral
neuropathies.

Sulphonylurea dr ugs r emain an eff ective means
of achieving blood glucose co ntrol after failure of di-
etary therapy alone in older patients. However, severe
symptomatic hypoglycemia is the most serious adverse
effect of sulp honylurea dr ugs that beco mes pr ogres-
sively more likely with increasing age due to decr eas-
ing renal function. Thus, older patients with type 2 di-
abetes are more liable to de velop hypoglycemia than
younger diabetics. In figur e 1, it is also highlighted
which sulphonureas have been reported to be associat-
ed with more numerous hypoglycemic events.

The A merican Ger iatric S ociety c linical guide -
lines on anti-diabetic oral treatment in elder ly people
report that shor t-acting anti-diabetic agents ar e
preferable to longer-acting agents, due to an increased
risk of h ypoglycemia (12). Repaglinide is an insulin
secretagogue with a r apid o nset and relatively shor t
duration of actio n, and se veral studies hav e shown
repaglinide to be a saf e and eff ective tr eatment for
type 2 diabetes (13). A recent study reported the safe-
ty and eff ectiveness of shor t-term tr eatment with
repaglinide, with additio nal impor tant benefits in
terms of lower risk and frequency of hypoglycemia in
88 older patients with type 2 diabetes (14).

In older persons, TZDs improve insulin sensitiv-
ity by enhancing insulin-mediated glucose disposal via

activation of per oxisome proliferator-activated recep-
tor γ (PPAR γ). TZDs are often thought more suitable
therapy for elderly patients because of a decreased risk
of the lactic acidosis and hypoglycemia associated with
metformin and sulfonylurea therapy (15). Interesting-
ly, treatment with TZDs was not associated with an
increased risk of mortality for cardiac events and con-
gestive heart failure compared to metformin (16) and
such data was also found in older patients (17). Al-
though TZDs ar e fr equently associated with an in-
creased risk for edema, less gastrointestinal side effects
were observed compared to metformin. An unexpect-
ed finding with TZD therapy was an increased risk of
bone fr acture in post-menopausal wo men in ther apy
with rosiglitazone, which might be due to an incr ease
in r eabsorption of bo ne mass and a dec line in bo ne
density (18). This finding stil l needs to be co nfirmed
in larger c linical tr ials aimed at in vestigating the ap-
propriate use of TZDs in wo men with T2DM and a
family history of bone density alteration.

Incretin hormones such as glucagon-like peptide
1 (GLP-1) and glucose-dependent insulinotr ophic
peptide (GIP) impr ove the sensitivit y of both the β-
and α-cells to glucose, resulting in more insulin secre-
tion from pancreatic β-cells and less gluc agon secre-
tion from α-cells in hyperglycemia. GLP-1 and GIP
are rapidly inactivated by the enz yme dipeptidyl pep-
tidase-4 (DPP-4). The r ecently intr oduced c ategory
of anti-diabetic treatment includes the use of incr etin
hormones as ther apeutic agents by either subcuta-
neous injection of GLP-1 r eceptor agonists (that ar e
resistant to DPP-4 inactivatio n) or by or al use of in-
hibitory DPP-4 enzyme with a relative increase in cir-
culating levels of GLP-1. The two main categories of
incretin ther apy curr ently available ar e: GLP-1
analogs (ex enatide) and DPP-4 inhibitors ( Vilda-
gliptin, Sitagliptin).

The importance of anti-diabetic oral agents on 
disability in older persons.

Once type 2 diabetes is diagnosed in those aged
65 years and over, it is important to assess the patient’s
overall health profile. There are a number of inter act-
ing and o verlapping co nditions that ar e co mmon in
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the elderly which complicate the management of dia-
betes in this gr oup. Besides diabetic vascular co mpli-
cations, there is also an incr eased r isk for cognitiv e
disorders, physical disabilities and co mplex ger iatric
syndromes. There are numerous data in the liter ature
demonstrating that older persons with type 2 diabetes
are at a significantly higher risk of disability (Table 1).

The ter m ‘physical disabilit y’ is wide-r anging
and, in the elderly, can encompass mobility loss, slow-
er walking speed and per formance, as well as disabili-
ty ar ising from fal ls and fr actures. Type 2 diabetes is
consistently reported as one of the strongest correlates
of poor lower extremity performance (19-20), mobili-
ty loss (21) and falls (22). The risk of developing poor
physical function and se vere disability is signific antly
higher in older perso ns with t ype 2 diabetes than in
nondiabetics e ven af ter adjustment for pr e-existing
complications (23-24). With respect to other physical
disabilities, research has sho wn that elder ly perso ns
with type 2 diabetes are two to three times less able to
walk 400 meters, prepare meals or do housework than
their age- and sex-matched nondiabetic counterparts.
(21) The biological mechanisms by whic h diabetes is
associated with a dec line in lo wer extremity function
may be linked to incr eased inflammator y states, re-
duced metabolic control, and motor neuropathy which
lead in tur n to disabilit y thr ough micr o- and
macrovascular co mplications and signific ant r educ-
tions in muscle mass.Therefore, an accurate use of an-
ti-diabetic oral agents in older perso ns capable of ob-
taining good metabolic control may potentially lower
the risk of physical disability.

It is also widel y known that older perso ns with
type 2 diabetes are more likely to experience cognitive

decline than those nor mal glucose toler ance (25-28) .
Indeed, diabetes has also been sho wn to incr ease the
risk of dementia in older perso ns and the emerging
view is that the diabetic br ain encompasses many as-
pects of “accelerated br ain aging ” (29). Previous r e-
ports hav e c learly indic ated that an impr ovement in
fasting plasma glucose and HbA1c le vels were associ-
ated with an improvement on some neuropsychologi-
cal tests (30-33), thus indicating that cognitive deficits
observed in untr eated older perso ns with t ype 2 dia-
betes appear to be attenuated by dr ug tr eatments
known to improve glycemic control such as rosiglita-
zone, metformin, sulfonlyureas.

More r ecent data hav e demo nstrated that post-
prandial glucose excursions (PPG) of older individuals
with t ype 2 diabetes ar e also associated with a de-
rangement of both global, executive and attentio n
functioning o ver time (34). In par ticular, older pa-
tients wer e r andomized to be tr eated with either
glibenclamide or repaglinide and under went neu-
ropsychological testing every 3 months for 12 months.
At baseline , the coefficient var iation of PPG (CV -
PPG) was associated with Mini Mental State Exami-
nation (MMSE) scor es (r= -0.3410; p<0.001) and a
composite score of ex ecutive and attentio n function-
ing (r= -0.3744; p<0.001) after adjusting for m ultiple
confounders. Both gr oups sho wed a signific ant de-
cline in Hb1A c and FPG, but o nly the r epaglinide
group demonstrated a significant decline of CV-PPG
over time. In models investigating the change in cog-
nitive functioning over time, adjusted for HbA1c and
CV-FPG, a decline in cognitiv e functioning was ob-
served only in the glibenclamide group (p<0.001). Af-
ter adjusting for CV -PPG, a dec line was no lo nger

Table 1. Studies testing correlations between type 2 diabetes and disabilit y measures in older persons

Author (year) n° of subjects Mean Age (yrs) Disability measure 

Gregg et al (2000)(21) 1030 70.5 Physical disability

Volpato et al (2002)(19) 1002 78.8 Lower extremity disability

Schwartz et al (2002)(22) 629 73.7 Falls, handgrip strength, lower extremity 
strength,cognitive impairment

Volpato et al (2003)(20) 729 77.4 Lower extremity performance

Yaffe et al (2004)(28) 564 68.2 Cognitive impairment

Abbatecola et al (2006)(34) 156 74.4 Cognitive impairment
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found in executive and attention functioning compos-
ite scor e (p=0.085) or the MMSE (p=0.080) with
glibenclamide. Despite the fact that better gl ycemic
control was r eached in both tr eatment gr oups, only
those undergoing treatment with r epaglinide did not
have a significant decline in cognitive performance at
12 months. Therefore, a tight control on post-prandi-
al glucose seems to hav e an impor tant role on cogni-
tive disability in older persons with type 2 diabetes.

At the moment there is very little data regarding
the use and effic acy of incr etin ther apy (ex enatide,
sitagliptin) in older perso ns with t ype 2 diabetes.
However, there is recent information regarding the ef-
ficacy of vildagliptin in patients aged 65 years. (35-37)
Compared to y ounger patients, older vildagliptin r e-
cipients exper ienced similar r eductions in HbA1c,
fasting plasma glucose and body weight and
vildagliptin was well tolerated with rare hypoglycemic
events(34). Baron et al. (37) pooled data to investigate
the eff ects of vildagliptin in tr eatment-naïve elder ly
patients in 174 par ticipants that wer e administer ed
vildagliptin mo notherapy for either 24 or 52 weeks.
Following tr eatment, HbA1c le vels wer e r educed by
approximately 1% fr om baseline le vels, similar to
changes observed in patients aged belo w 65 y ears. In
accordance with Pratley et al (35), the incidence of hy-
poglycemia was below 1% (37).

Conclusions

Older persons with t ype 2 diabetes ar e at an in-
creased r isk of fr ailty, cognitive dec line, and physical
disability. The Eur opean Diabetes Working P arty
guidelines for t ype 2 diabetes take into co nsideration
the importance of the frailty syndrome and the use of
such guidelines suggests impor tant and potential ad-
vantages on preventing disability in older persons.
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