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Overview  

ÅPatterns of cognitive impairment in type 1 and 
type 2 diabetes 

ÅPotential risk factors associated with cognitive 
dysfunction in diabetes 

ÅBrain structural changes that may underlie 
cognitive dysfunction in people with diabetes 

ÅClinical implications of cognitive dysfunction in 
diabetes 



Primary types of diabetes 

Type 1 

ÅAutoimmune destruction of 
pancreatic islet beta cells 

ÅOften diagnosed in 
childhood  

Å Insulin deficiency 

ÅSeldom overweight 

Type 2 

ÅDecreased beta cell mass 
and dysfunction of islets 

ÅUsually diagnosed in adults 

Å Insulin resistance 

ÅOften obese 

ÅMore likely to have 
comorbidities like HTN and 
dyslipidemia  



Diabetes 

Brain structural  
changes  

Cognitive 
impairment 



ÅWhat is the magnitude and patterns of  
cognitive impairment in people with diabetes?  



Archives of Internal Medicine  1922 

Å In the early 20th century, researchers and clinicians 
recognized that people with diabetes complained of 
impairment in cognitive function.  
 

Å In 1922, Miles et al.  showed that people with diabetes 
(n=40) performed poorly on cognitive tasks examining 
memory and attention. 



Cognitive function in children with type 1 diabetes 

ÅLongitudinal study of children with type 1 
diabetes 
ÅChildren with newly diagnosed type 1 diabetes 

and  healthy controls underwent neurocognitive 
testing at enrollment and  after 12 years.  
ÅAt baseline no difference in IQ between groups 
ÅAfter 12 years, lower verbal and full scale IQs 

found in children with type 1 diabetes (n=106) 
compared with control (n=75).  
ÅEarly ςonset diabetes and hypoglycemia 

associated with lower IQ.  

Northam et all. 2009 diabetes care 



Cognitive dysfunction in type 1 diabetes: meta analyses  

Brands et al, diabetes care 2005 

included 33 studies with participants who  were mostly less 50 years of age 



Cognitive dysfunction in type 1 diabetes 
DCCT-EDIC 

ÅThe Diabetes Control and Complications Trial (DCCT) and its 
follow-up Epidemiology of Diabetes Interventions and 
Complications (EDIC) study, patients with type 1 diabetes 
underwent comprehensive battery of cognitive tests at study 
enrollment  (at mean age of 27 years) and 18 years later.  

ÅEight cognitive domains evaluated. 

ÅEDIC Study: 1059 participants of the DCCT (75% of original 
cohort) followed for average of 18 years.  

Å537 from intensive group and 522 from conventional group  

 

DCCT/EDIC study research  group-NEJM 2007 



Cognitive dysfunction in type 1 diabetes 
DCCT-EDIC Study  

 Cognitive domains are numbered as follows: 1, problem solving; 2, learning; 3, immediate 
memory; 4, delayed recall; 5, spatial information; 6, attention; 7, psychomotor efficiency; 
and 8, motor speed. 



Trajectories of cognitive decline in type 1 diabetes 

Biessels et al.  Lancet Diabetes & Endo 2014  

Cognitive performance 
------  No diabetes 
          Type 1 diabetes 

Late onset     

Early onset 
Complications 



Å It is not clear whether aging individuals with T1D have an increased risk of 
ƳŀƴƛŦŜǎǘƛƴƎ άŎƭƛƴƛŎŀƭƭȅ ǊŜƭŜǾŀƴǘ ŎƻƎƴƛǘƛǾŜ ƛƳǇŀƛǊƳŜƴǘέΦ  
 

ÅThis study tests the hypothesis that childhood-onset T1D is associated with an 
increased risk of developing clinically relevant cognitive impairment detectable 
by middle age. 
 

Å  Study compared cognitive test results between adults with and without T1D 
 

ÅCognitive impairment status was based on the number of test scores >1.5 SD 
worse than demographically appropriate published norms: none, mild (only 
one test), or clinically relevant (two or more tests). 



 Nunley KA et al  Diabetes Care 2015 



Å Percentage of participants scoring >1.5 SD worse than published normative 

data in no, one, two, three, or four or more tests.  

Å White bars indicate participants without T1D; black bars represent participants 

with T1D.  

Å ñAny 2+ò indicates the percentage of participants scoring >1.5 SD worse than 

published normative data on two or more tests, thereby meeting the study 
definition of clinically relevant cognitive impairment. 



Percentage of participants with T1D (black bars) and without T1D (white bars) scoring >1.5 
SD worse than published normative data, by test. C-W, Color-Word. 

 Nunley KA et al  Diabetes Care 2015 



Large % of middle-aged adults with childhood-onset T1D 
have clinically relevant cognitive impairment 

ÅIn this study clinically relevant cognitive impairment 
was seen in 28% of middle-aged participants with 
T1D.  

ÅThis prevalence rate of mild cognitive impairment  in 
this T1D cohort is comparable to prevalence typically 
reported among community-dwelling adults aged 85 
years and older (29%). 

ÅIn a previous study 12.8% of the pediatric 
participants with ¢м5 ƳŜǘ ǘƘƛǎ ŜŀǊƭȅ ǎǘǳŘȅΩǎ 
definition of clinically relevant cognitive impairment.  

 



 
 

Å Investigators examined the association of long-term glycemic 
control with dementia in older individuals with T1D. 
 

Å Followed 3,433 subjects with T1D aged >50, who were part of a 
health care system from 1996 to 2015 . Subjects did not have 
diagnosis of dementia at baseline.  

  
Å  Repeated measurements of hemoglobin A1c (HbA1c), dementia 

diagnoses, and comorbidities were ascertained from health records. 
  
Å  Cox proportional hazards models were fit to evaluate the 

association of time-varying glycemic exposure with dementia, with 
adjustment for age, sex, race/ethnicity, baseline health conditions.  



Glycemic control and risk of dementia in T1D 

Lacy ME et al Diabetes care 2018 



Factors associated with increased risk of 
cognitive dysfunction in type 1 diabetes 

Type 1 
Diabetes  

Chronic 
Hyperglycemia 

Early Age of 
Onset 

Genetic 
Predisposition 

Diabetic 
Complications  

Long 
Duration of 
Diabetes  

Recurrent 
Hypoglycemia 



Summary 
Cognitive dysfunction in type 1 diabetes 

 
ÅDomains of intelligence, processing speed, and 

attention are commonly affected.  

ÅOn these domains, the magnitude of the decrements 
is 0.3 to 0.7 SD units relative to people without 
diabetes. 

ÅEarly age of onset and presence of microvascular 
complications  are important risk factors. 

ÅMore studies are needed to examine link to 
dementia. 

 

 

 



 
Cognition in type 2 diabetes: meta analyses  

 

ÅData from 24 studies (mostly cross-sectional) 

ÅType 2 diabetes relative to controls:  

Å Subtle decrements in  

Executive function  

Information processing speed  

 Memory  

  
Palta, et al, JINS 2014; 20: 278-91  



Type 2 diabetes : The ACCORD Study  

ACCROD Study group NEJM 2008  

Patients with type 2 diabetes (n=10251) with cardiovascular disease or risk factor for CVD 
Assigned to intensive (A1C < 6%) or Standard therapy (A1C 7-7.9%) 



Lancet  Neurology 2011  

ÅThe ACCORD (MIND) Study sought to directly determine if 
the level of glycemic control impacts cognitive 
performance over time in nearly 3000 subjects with type 2 
diabetes. 
ÅCognitive function assessed at baseline, 20 and 40 months. 
ÅPrimary outcome-test of psychomotor speed (Digit Symbol 

Substitution test) 
ÅSecondary outcome- memory (Rey Auditory verbal 

learning test); executive function (stroop test)  



ACCORD Memory in Diabetes (MIND) Study 

ÅAt baseline, there was an inverse relationship 
between cognitive function and glycemic control as 
measures by A1C.  

ÅHowever, after 40 months of follow up there was no 
significant difference in the cognitive function 
between the intensive and standard treatment arms. 

ÅStudy did not provide evidence that intensive 
treatment strategy was of benefit to cognitive 
function in type 2 diabetes. 

 
 Cukierman-Yaffe T et al Idab care 2009 
Launer L et al Lancet Neurology 2011 



ACCORD Memory in Diabetes (MIND) Study 

ÅAt baseline, there was an inverse relationship 
between cognitive function and glycemic control as 
measures by A1C.  

ÅHowever, after 40 months of follow up there was no 
significant difference in the cognitive function 
between the intensive and standard treatment arms. 

ÅStudy did not provide evidence that intensive 
treatment strategy was of benefit to cognitive 
function in type 2 diabetes. 

 
 Cukierman-Yaffe T et al Idab care 2009 
Launer L et al Lancet Neurology 2011 



 

Cognition in subjects with type 2 diabetes 
Utrecht Diabetic Encephalopathy Study  



Hyperglycemia and cognitive function 

Reaven et al, Diabetes care 1990 



Youth onset type 2 diabetes and cognition  

Redel JM et al Current diabetes reports 2019 



Factors associated with increased risk of 
cognitive dysfunction in type 2 diabetes 

Type 2 
Diabetes  

Vascular 
Disease  

Dyslipidemia 

Recurrent 
Hypoglycemia 

Insulin 
Resistance 

Genetic 
Predisposition 

Inflammatory 
Mediators 

HPA Axis 
Dysregulation 

Chronic 
Hyperglycemia 



Meta-analysis of prospective observational studies in people 
with diabetes compared with individuals without diabetes 

 
Å 73% increased risk of all types of dementia 
Å56% increased risk of Alzheimer dementia 
Å127% increased risk of vascular dementia 



Insulin resistance and diabetes increases risk of 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ 

ÁIn epidemiologic studies insulin resistance, impaired 
glucose tolerance and type 2 diabetes have been 
associated with increased risk of Alzheimer's disease. 
(Ott et al 99; Peola et al 02) 

ÁPossible mechanism of increased risk include 
ÅImpaired cerebral glucose metabolism 
ÅDisrupted regulation of B-amyloid trafficking and 

clearance 
ÅIncreased inflammation 
ÅImpaired vascular function 
ÅReduced brain insulin uptake/signaling   

 

Cholerton B et al  2013 



Brain glucose metabolism and  
Alzheimer's disease   

Pattern of resting hypometabolism in frontal, cingulate 
and temporal-parietal regions associated with AD and is 
apparent years before clinical onset.  

Langbaum et al. 2009 



Insulin resistance and diabetes increases risk of 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ 

!ƭȊƘŜƛƳŜǊΩǎ 
disease pattern 
Langbaum et al. 
2009 

IGT/Type 2 
diabetes pattern 
Baker et al. 2010 

Greater insulin resistance was associated with Alzheimer's 
disease like pattern of resting hypometabolism in non 
demented older adults.  



Intranasal insulin improves cognitive 
function and brain connectivity  

ÅIntranasal insulin improves performance on 
cognitive testing in healthy adults (Benedict c et al 

2007), as well as in patients with cognitive 
impairment (Craft S et al 2012). 

ÅIntranasal insulin acutely increase functional 
connectivity between the hippocampal 
regions and the default mode network in 
older adults with type 2 diabetes (Zhang Diabetes 

2015). 



Trajectories of cognitive decline in type 2 diabetes 

Biessels, et al. Lancet Diabetes & Endo 2014 

compiled results of >30 cross-sectional & longitudinal studies 



Summary 
Cognitive dysfunction in type 2 diabetes 

 
ÅType 2 diabetes is associated with mild to moderate 

cognitive deficits mostly in the domains of memory, 
psychomotor speed, and executive function.  

ÅChanges in cognitive function compared to non-
diabetic controls can be seen early in the course of 
type 2 diabetes. 

ÅDuration of diabetes, glycemic control and presence of 
microvascular complications are important risk factors.  

ÅIn the elderly population, type 2 diabetes increases the 
risk of dementia. 



Does diabetes associated cognitive decrements 
have structural brain correlates detectable with 

brain MRI? 



Brain structural changes seen in diabetes 

 
ÅTotal and regional brain volumes 

ÅMarkers of small-vessel disease 

       White matter hyperintensities 

        Microbleeds 

        Infarcts 

ÅMicrostructural abnormalities in white matter 
tracts 

 
 
 



Brain MRI in type 1 diabetes: 
volumtery  

Type 1 diabetes, n=142 
Control, n=68 
Mean age 7 

Marzelli et al , diabetes, 2014 



Brain MRI in type 1 diabetes: 
volumtery  

Musen et al , diabetes, 2006 

ÅType 1 diabetes, n=82; Control, 
n=36; Mean age 32  
ÅCompared to non-diabetic control, 

subjects with diabetes had lower 
gray matter density primarily in the 
posterior, temporal, and cerebellar 
regions. 
Å Lower gray matter density was 

associated with poor glycemic 
control, higher frequency of severe 
hypoglycemic events, age of onset 
and duration of diabetes. 


