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Lancet Neurol 2015; 14: 329–40

COGNITIVE FUNCTION IN PATIENTS
WITH DIABETES MELLITUS
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pasta 
bread

Papanikolau et al.; Diabetologia 2006
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2015838 cognitively healthy adults ≥ 50 years (Mean age: 63 yrs)
Follow up: 16 years
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2015

p<0.05 p<0.05

p<0.05838 cognitively healthy 
adults ≥ 50 years 
(Mean age: 63 yrs)
Follow up: 16 years
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2015838 cognitively healthy adults ≥ 50 years (Mean age: 63 yrs)
Follow up: 16 years
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Dementia is the clinical syndrome
characterised by acquired losses of cognitive
and emotional abilities severe enough to
interfere with daily functioning and the
quality of life.

DS Geldmacher et al, N Engl J Med, 335:330-336, 1996
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PEOPLE LIVING WITH DEMENTIA 
AROUND THE WORLD
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COMMON FORMS OF DEMENTIA
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Major vs Mild Neurocognitive Disorders
(DSM-V)

Diagnostic And Statistical Manual Of Mental Disorders – Fifth Edition (DSM-5) 2013

Major  Neurocognitive
Disorder (Dementia)

Mild Neurocognitive
Disorder (MCI)

 Significant cognitive decline
 Loss of independence

Modest cognitive decline
Preservation of independence

Cognitive domains:
 Complex attention
 Executive function
Learning and memory
Language
Percentual motor
Social cognition
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DIABETES  AND RISK OF DEMENTIA: A 
META-ANALYSIS OF PROSPECTIVE 

OBSERVATIONAL STUDIES
Diabetes and risk of all type dementia

Journal of Diabetes Investigation Volume 4 Issue 6 November 2013

Alzheimer’s disease Vascular dementia

2
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ACCELERATE  PROGRESSION FROM  MILD 
COGNITIVE IMPAIRENT (MCI)  TO 

DEMENTIA IN PEOPLE WITH DIABETES

+ 35% DIABETIC EFFECT

Adjusted for age, sex, and education
Weili Xu, et al. Diabetes, 2010

• n=1.435 pz;
•age ≥75 years;
•followed for 9 years 
(1997–1998) ;
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Linear multivariate analyses with MMSE and Composite score as dependent variable

RELATIONSHIPS BETWEEN DAILY ACUTE GLUCOSE FLUCTUATIONS AND 
COGNITIVE PERFORMANCE AMONG AGED TYPE 2 DIABETICS

For MMSE : R2= 0.77
For Composite Score : R2= 0.44

Rizzo et al  Diabetes Care 2010
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Risk of Incident Dementia Associated with Average Glucose Level over 
the Preceding 5 Years among Participants without Diabetes 

and Those with Diabetes.

Estimates were adjusted for more confounders N Engl J Med 2013;369:540-8

Higher glucose levels may be a risk factor for
dementia, even among persons without
diabetes

N= 2067
Age ≥ 65 years
35,264 values for fasting and random
glucose levels

Follow-up at 5 years
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POSSIBLE MECHANISTIC CONTRIBUTION 
TO COGNITIVE IMPAIRMENT SEEN IN 

DIABETES MELLITUS.

Diabetes Invest, 2012
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Insulin has multiple functions in the brain that support neuronal 
function, including synaptogenesis, synaptic remodeling, and 

modulating neurotransmitter levels.
Craft S, et al. Journal of Alzheimer's disease : JAD. 2013 

Lancet Neurol 2006

Insulin stimulates the secretion of amyloid  into the extracellular space where it 
can aggregate with other proteins to form senile plaques .               Lancet Neurol 2006

Insulin regulates synaptic plasticity and activity in the frontal cortex and 
hippocampus, brain regions generally associated with learning and memory.

Trends Neurosci 2000; 23 542-549.
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INSULIN RESISTANCE AND EXECUTIVE DYSFUNCTION 
IN OLDER PERSONS

J Am Geriatr Soc 52:1713–1718, 2004.

Multivariate Linear Regression Models with  HOMA IR  as an Independent Determinant After
Adjusting for Multiple Confounders
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Odds ratios and 95% confidence intervals for the presence vs absence of neuritic plaques
and neurofibrillary tangles

Odds ratios for each tertile of 
glucose (A), insulin (B), and 
HOMA-IR (C) vs the lowest
tertile for the presence of 

neuritic plaques

Neurology 2010;75;764-770
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Examine the associations between INSULIN
RESISTANCE and cognitive performance and change in
cognitive functions two decades later in individuals with
cardiovascular disease with and without diabetes.Diapositiva preparata da GIUSEPPE PAOLISSO e ceduta alla Società Italiana di Diabetologia. 
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STUDY FLOW CHART
Bezafibrate Infarction Prevention Trial (BIP)

Age: 45-74 ys
Established stable coronary heart disease 

NeuroTrax computerized cognitive testing

Lutski, Miri et al. Journal of Alzheimer's Disease, vol. 57, 633-643, 2017
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BASELINE CHARACTERISTICS T1 
ASSESSMENT (n = 489)
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COGNITIVE CHANGE IN DIFFERENT DOMAINS BY INSULIN 
RESISTANCE  GROUPS

Lutski, Miri et al. Journal of Alzheimer's Disease, vol. 57, 633-643, 2017
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INSULIN RESISTANCE AT BASELINE

SCORES BY INSULIN RESISTANCE GROUP 
(UPPER VERSUS OTHER HOMA-IR QUARTILES).

EXCLUDING PEOPLE WITH DIABETES

Lutski, Miri et al. Journal of Alzheimer's Disease, vol. 57, 633-643, 2017

• Higher baseline HOMA-IR levels were associated with poorer executive
function and memory performance 15 years later and with cognitive
decline over a further period of 5 years. These observed relationships
were independent of vascular risk factors, and remained similar after
excluding those with a history of stroke, dementia or diabetes.

• None of the indices of cerebrovascular disease (CVR, CC-IMT, and
carotid plaques) significantly mediated the associations between HOMA-
IR and cognitive impairment or decline.
Our findings thus indicate a possible non-vascular component for the
cognitive decline.
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Severe hypoglycemic event
Warren RE, et al Diabetes, obesity & metabolism.2005

RISK FACTORS  FOR 
DEMENTIA  AMONG PEOPLE 
WITH DIABETES MELLITUS

Higher A1c levels
Tuligenga RH,The Lancet Diabetes & Endocrinology.2013

Longer duration of DM2
Spauwen PJ et al Diabetes care. 2013

Depression
Byers AL et al, Nature reviews Neurology. 2011

10-year dementia risk
Exalto LG, The Lancet Diabetes & Endocrinology. 2013

CAN WE IDENTIFY THE DIABETIC PATIENTS AT 
RISK OF DEVELOPING COGNITIVE DISORDERS?
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MIMICS COGNITIVE DECLINE IN 
DIABETIC PAZIENT

Adattato da Lancet Neurol 2015; 14: 329–40

DIFFERENTIAL DIAGNOSIS

LIVER DYSFUNCTION

HYPOTHYROIDISM

VITAMIN DEFICENCY 
(vit.B12)

DEPRESSION

RENAL DYSFUNCTION

ANAEMIA

When present, these disorders should be
treated accordingly, and cognitive
function should be re-examined after the
disorder has resolved.

In the ACCORD-MIND study, for example,
depression in patients with type 2 diabetes
was associated with increased cognitive
decline in all cognitive domains compared
with patients with type 2 diabetes without
depression.

Sullivan MD et all. JAMA Psychiatry 2013; 
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DIABETES SPECIFIC DEMENTIA RISK 
SCORE (DSDRS)

Exalto LG, Biessels GJ, Lancet Diabetes Endocrinol 2013

N=29.961
- Clinics characteristics
- demographic characteristics

Baseline population characteristics of the development cohort by incident dementia status. 

The risk score was developed for patients with 
type 2 diabetes aged 60 years or older
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Exalto LG, Biessels GJ. Lancet Diabetes Endocrinol 2013

 SENSITIVITY 77%
 SPECIFICITY 95%

DIABETES SPECIFIC DEMENTIA RISK 
SCORE (DSDRS)
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DIABETES CARE FOR OLDER ADULTS
GENERAL RECOMMENDATIONS

1) SIMPLIFY DRUG REGIMENS AND INVOLVE CAREGIVERS IN ALL ASPECTS OF
CARE.

Avoid hypoglycemia
 Screen for and manage by adjusting glycemic targets and pharmacologic interventions

Functional and cognitively intact older adults with long life expectancy
 Provide diabetes care with goals similar to those for younger adults

Glycemic goals may be relaxed based in selected individuals
 But avoid hyperglycemia leading to symptoms or risk of acute hyperglycemic complications

Individualize screening for diabetes complications
 Pay close attention to complications leading to functional impairment

Annual screening for cognitive impairment
 People who screen positive should receive diagnostic assessment as appropiate

American Diabetes Association. Standards of medical care in diabetes—2017.
Diabetes Care. 2017
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NEUROPSYCHOLOGICAL 
TESTS
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General screening test
(multi-item)

Specific cognitive tests

Mini Mental State Examination (MMSE) 

Montreal Cognitive Assessment (MoCA) 

Addenbrooke’s Cognitive Examination- Ace-R

Hachinski Ischaemic Scale

Trail Making Test Part A
Trail Making Test Part B
Semantic Verbal Fluency
Phonemic Verbal Fluency
Clock Drawing Test

Digit Span Forward
Digit Span Backward
Symbol Digit Test

Lancet Neurol 2015; 14: 329–40

“When MCI or dementia is suspected, the diagnostic assessment for
people with diabetes is the same as for people without diabetes and
should be done according to local guidelines.”
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MINI MENTAL STATE EXAMINATION
(MMSE) FOLSTEIN M.F. ET AL. 1975

Mini-Mental State Examination: a 
normative study in Italian elderly population 
(Magni et al.,1996) 

 The MMSE: normative study of an Italian 
random sample (Measso et al., 1993)

 5–10 minutes
Normal  ≥ 24
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MONTREAL COGNITIVE ASSESSMENT
(MOCA) Z.NASREDDINE MD VERSION, 2004

MOCA ≥ 26 Normal

MOCA ≤19 Dementia

«The MOCA is better than other
tools to detect Mild Cognitive
Impairment in the elderly patients
with 2 diabetes.»

 5–10 minutes

Il MoCA is recommended by Consensus
Conference del National Institute of
Neurological Disorders and Stroke and
Canadian Stroke Network Vascular
Cognitive Impairment 2006.
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ADDENBROOKE’S COGNITIVE 
EXAMINATION- ACE-R

Mioshi et al The Addenbrooke’s Cognitive Examination Revised (ACE-R): a brief cognitive test battery for dementia screening, International Journal of Geriatric Psychiatr (2006)

The Addenbrooke’s Cognitive Examination is 
a more comprehensive measure of cognitive 

function that incorporates the MMSE.

 Duration: 10- 15minutes
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Cognitive Tests to Detect Dementia: 
Systematic Review and Meta-analysis

JAMA Intern Med. 2015;175(9):1450-1458
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THE HACHINSKI ISCHAEMIC SCALE
MAY BE USED TO ASSIST IN

THE DIAGNOSIS OF VASCULAR DEMENTIA.

Moroney, J.T et al Neurology, 49, 1096 – 1105. 1997

Abrupt onset 2

Stepwise deterioration 1

Fluctuating course 2

Nocturnal confusion 1

Preservation of personality 1

Depression                            1

Somatic complaints 1

Emotional incontinence 1

History of hypertension 1

History of stroke 2

Associated atherosclerosis 1

Focal neurological symptoms 2

Focal neurological signs 2

 cut-off score ≤ 4 for Degenerative Dementia
 ≥ 7 for Vascula Dementia

sensitivity 89% and  specificity 89% (Moroney 1997) 

It is not useful in determinations between 
mixed dementia and other dementia types.
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NEUROPSYCHOLOGICAL TESTS EXPLORE 
COGNITIVE DOMAINS IN PEOPLE WITH 

DIABETES
EXECUTIVE FUNCTION  Trail Making Test Part A

 Trail Making Test Part B
 Semantic Verbal Fluency
 Phonemic Verbal Fluency
 Clock Drawing Test

ATTENTION Digit Span Forward
 Digit Span Backward
 Trail Making Test Part A
 Symbol Digit Test

WORKING MEMORY  Digit Span Forward
 Digit Span Backward
 Trail Making Test Part A

EPISODIC MEMORY  Auditory Verbal Lerning Test 
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TRAIL MAKING TASK

TRAIL MAKING TEST - A TRAIL MAKING TEST - B 

Influenced by: age, education , motor speed of the upper limbs and visual acuity

Psychomotor speed
Flexibility attention

and visuomotor
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VERBAL FLEUNCY TEST
F                  P                   M

Diapositiva preparata da GIUSEPPE PAOLISSO e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



CLOCK DRAWING TEST (CDT) 
Clock Drawing Test. 3° Edition. Oxford University Press 2006 

CDT was superior at identifying patients
with cognitive dysfunction, compared
with MMSE, a more widely used tool to
evaluate cognitive dysfunction.

Diabetes Care. 2006 August ; 
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Trimble LA et al. Can J Diabetes 2005;29(2):102-104.

IF CHOOSING TO USE INSULIN

• Clock drawing test can be used to predict
who is likely to have problems with
insulin therapy.

• “Write numbers on the blank clock face and
draw hands on the clock to show 10 minutes past
11 o’clock”.

Diapositiva preparata da GIUSEPPE PAOLISSO e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



DIGIT SYMBOL SUBSTITUITION    
TEST (J. Helmuth 1968)
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ASSOCIATION BETWEEN DIGIT  SYMBOL 
SUBSTITUTION TEST (DSST) DECLINE AND 
GLYCOSYLATED HEMOGLOBIN A1C LEVELS

Christman AL, Diabetologia 2011
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GERIATRIC DEPRESSION SCALE     
(Sheikh J.I., Yesavage J.A.,1986)

Int J Diabetes Dev Ctries. 2009

Depression occurs more frequently in 
people with diabetes.
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FUNCTIONAL SCALES
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NEUROIMAGING STUDIES
• Structural MRI (magnetic resonance 

imaging) studies have consistently reported 
an association between T2D and cortical 
and subcortical cerebral atrophy among 
older adults.

• The association between T2D and cerebral 
infarcts in structural MRI studies is also 
relatively consistent across studies.

Manschot SM. Diabetes. Apr; 2006 
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Brain imaging in patients with Diabetes
Meta-analysis of 46 studies using MRI and/or CT 

1. Cortical atrophy (10 studies);

2. Lacunar infarcts (20 studies);

3. White matter lesions (27 studies)- some but not all
studies show a positive correlation;

Peter T. et al Nelson Biochim Biophys Acta. 2009
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 Cortical atrophy in T2DM resembles patterns seen in preclinical Alzheimer
disease.

 Neurodegeneration rather than cerebrovascular lesions may play a key role in
T2DM-related cognitive impairmen.

Associations between T2DM and MRI measures

Moran C et al . Diabetes Care 36:4036–4042, 2013

Cross-sectional study, 
participants  ≥55 years of age 

with T2DM.
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 Type 1 and type 2 diabetes are consistently have been
associated with global brain atrophy in cross-sectional
studies.

 Results showed an association between decreased
brain volume and slowing of information processing
speed, reduced attention and lower IQ subtest scores.

Biessels and Reijmer - Diabetes 2014;63:2244–2252
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Hippocampal atrophy – Lacunar 
fronatl cortex

 Hippocampal atrophy seems to be a more prominent feature of
type 2 diabetes than of type 1.

Lancet  2012; 379: 2291–99
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The cognitive dysfunction in patients with diabetes is
associated with poor glycaemic control—especially in the
case of impaired executive function—with an increased
frequency of hospital admissions and with an increased
occurrence of severe hypoglycaemic episodes.

Therefore, diagnosis of cognitive impairment should be a
reason for the diabetes care provider to reassess the
patient’s capacities for selfmanagement and treatment
adherence, and to consider additional measures.

Lin CH,. J Intern Med 2013;

Munshi M. Diabetes Care 2006;

TAKE HOME MESSAGES
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GRAZIE PER L’ATTENZIONE
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