Impact of diabetes and hypoglycemia on brain
structure and function across the life span

Pacific Northwest Neuropsychologicatociety
32nd annual conference
March 2, 2019

Amir Moheet, MBBS
Assistant Professor of Medicine
Division of Diabetes, Endocrinology and Metabolism
University of Minnesota



Disclosure Information

| have no financial relationships to disclose.

| will not discuss off label use and/or
Investigational use in my presentation.



Overview

A Patterns of cognitive impairment in type 1 and
type 2 diabetes

A Potential risk factors associated with cognitive
dysfunction in diabetes

A Brain structural changes that may underlie
cognitive dysfunction in people with diabetes

A Clinical implications of cognitive dysfunction ir
diabetes




Primary types of diabetes

Type 1 Type 2
A Autoimmune destruction of A Decreased beta cell mass
pancreatic islet beta cells and dysfunction of islets
A Often diagnosed in A Usuallydiagnosed iradults
childhood A Insulinresistance
A Insulin deficiency A Often obese
A Seldom overweight A More likely to have

comorbidities like HTN and
dyslipidemia
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PSYCHOLOGIC TESTS APPLIED TO DIABETIC
PATIENTS *

W. R. MILES, Pua.D, axp H. F. ROOT, M.D.

BOSTON

Archives of Internal Medicine 1922

A In theearly 20th century, researchers anlihicians
recognizedhat people with diabetegsomplained of
Impairment in cognitive function.

A In 1922 Mileset al. showed that people witldiabetes
(n=40) performedoorly on cognitive tasksxamining
memoryand attention.



Cognitive function in children with type 1 diabete

A Longitudinal study of children with type 1
diabetes

A Children with newly diagnosed type 1 diabetes
and healthy controls underwent neurocognitive
testing at enroliment and after 12 years.

A At baseline no difference in IQ between groups

A After 12 years, lower verbal and full scale IQs
found In children with type 1 diabetes (n=106)
compared with control (n=75).

A Earlyconset diabetes and hypoglycemia
associated with lower 1Q.

Northamet all. 2009diabetes care



Cognitive dysfunction in type 1 diabetes: meta analyse

Overall cognition (660)2

Intelligence
rystalized intelligence (276)°

Fluid intelligence (168)°
Learning and memory
Waorking memory (244}d
Visual learning and immediate memory (187)€
Verbal learning and immediate memory {204_}f
Visual delayed memory (1 51.'}}'5i
Verbal delayed memo h
Psychamotor activity and speed of information processing
Psychomofor efficiency (368 ‘ e e
Speed of information pracessing (88)
Motor speed (148)<
Visual attention { 195}|
Sustained attention (217)™
Divided attention {58}”
Selective attention (66)°
Cognitive flexibility (364)°
Visual perception (202)
Language (144)
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Cognitive

included33 studies with participant&ho weremostly less 50 years of age

Brands et al, diabetes care 2005



Cognitive dysfunction in typediabetes
DCCIEDIC

A TheDiabetes Control and Complications Trial (DCCT) and its
follow-up Epidemiology of Diabetésterventions and
Complications (EDIC) study, patients viyipe 1 diabetes
underwent comprehensive battery of cognitive tests at study
enrollment (at mean age of 27 years) and 18 years later.

A Eight cognitive domainsvaluated.

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

A 537 from intensive group and 522 from conventional group

DCCT/EDIC study research grdlpIM 2007



Cognitivedysfunction Iin type Hiabetes
DCCIEDIC Study

C Degree of Metabolic Control

[] Glycated hemo- [] Glycated hemo- Ml Glycated hemo-
globin, <7.4% globin, 27.4% and globin, >8.8%
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Cognitive Domain

Cognitive domains anreumbered adollows: 1, problem solving; 2, learning; 3, immediate
memory; 4, delayed recals, spatiainformation; 6, attention;



Trgectories of cognitive decline in tygediabetes

Cognitive performance
No diabetes
—— Type 1 diabetes

Late onset

27

Complications'
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Biesselet al. LanceDiabetes &Endo2014



Karen A. Nunley,* Caterina Rosano,*

C]'i:n'j'ca’]']'y R‘e]'evarlt C Og:n'itive Christopher M. Ryan_,z:*. Richard Jennings,”
Impairment in Middle-Aged Adults ffower ! azenstein Janice C. Zgibor

Tina ii.‘oslﬂr.'.cm.-_,I Robert M. Bouﬂ"i".s’lu'nr_,I

With Childhood-Onset Type 1 Rachel Miller, Trevor . Orchard,” and
Diabetes

Diabetes Care 2015;38:1768-1776 | DOI: 10.2337/dc15-0041

A Itis not clear whetheaging individuals with T1D have an increased risk of
YFEYATSadAy3I aOf A yMYOLUI A N SWBIE eéSI0 Iy

A Thisstudy tests the hypothesihat childhoodonsetT1D is associatedith an
Increased risk of developirdinically relevantognitive impairmentletectable
by middle age

A Study compared cognitive testsults between adults witAnd without T1D

A Cognitiveimpairment status was based d¢he numberof test scores1.5SD
worse than demographically approprigbeiblished normsnone, mild (only
one test), or clinically relevant (two or more tests).



Demographic factors
Age (years) 48.7 + 7.2 49.1 * 6.6
Female sex 76 (55) 49 (51)

Education (years) 16 = 3 15 + 3
Diabetes factors

T1D duration (years) 41.0 * 6.2

Age at T1D diagnosis
(years) 8.0+ 4.2

Nunley KA et aDiabetesCare2015
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mType 1 diabetes

Combined into “Any 2+" category,
. the study definition of clinically

o ) “p<0.0001
relevant cognitive impairmeant
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0 1 2 3 4+ Any 2+
Number of Test Scores 1.5+ SD Worse than Published Norm

A Percentage of participants scoring >1.5 SD worse than published normative
data in no, one, two, three, or four or more tests.

A White bars indicate participants without T1D; black bars represent participants
with T1D.

A mAny 2+oindicates 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.



ONo type 1 diabetes B Type 1 diabetes
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DSST Pegboard StroopC-W  TMTB FAS ROCF copy  Animals

Cognitive Test

Percentagef participants withT1D (blaclbars) and without T1D (white barsgoring>1.5
SD worse than published normatidata, bytest. GW, ColorWord.

Nunley KA et aDiabetesCare2015



Large % of middiaged adultswvith childhood-onsetT1D
have clinically relevant cognitive impairment

A In this study clinically relevasbgnitiveimpairment
was seen in 28% of middémedparticipantswith

T1D

A Thisprevalence rate of mild cognitive impairmei

this T1D cohort isomparable tgorevalence typically

reported among communitgiwelling adultsaged 85

years and older (Z%).

A In a previous study 1298 of the pediatric |
participants witht M5 Y SO GKA A& S NJ
definition ofclinically relevantognitive impairment.




Long-term Glycemic Control and Ve & ta.™ Peola Giisanz*

Andrew J. Karter,” Charles P. Quesenberry,”

Dementia Risk in Type 1 Diabeteg Mok petcher” ang

Diabetes Care 2018;41:2339-2345 | https://doi.org/10.2337/dc18-0073

A Investigators examinethe association of lonterm glycemic
controlwith dementiain older individuals witi1D.

A Followed 3,433 subjects with T1D agesh, who were part of a
health caresystem from1996 to 2015 Subjects did not have
diagnosis of dementia at baseline.

A Repeated measurements of hemoglobin Alc (HhAdementia
diagnoses, and comorbidities were ascertained from health records

A Cox proportionahazards models were fit to evaluatee
assoclatiorof time-varying glycemiexposure with dementia, with
adjustment for age, sexace/ethnicity, baselindealthconditions.



Glycemic control and risk of dementia in T1D

HR (95% CI) adjusted
=50% of HbA,_ for race, sex, and baseline
measurements health conditions*

1.44 (0.75, 2.77)

0.54 (0.34, 0.87)
0.55 (0.37, 0.82)
1.64 (1.05, 2.57)
1.80 (1.11, 2.90)

Lacy ME et al Diabetes care 2018



Factors assoclated with increased risk of
cognitive dysfunction Iin typ# diabetes

Chronic
Hyperglycemia

Recurrent Early Age of
Hypoglycemia Onset

Type 1

Diabetes

Long

Duration of Genetic.
Diabetes Predisposition

Diabetic
Complications




Summary
Cognitivedysfunction in typé€l diabetes

A Domains of intelligence, processing speed, and
attention are commonly affected.

A On these domainghe magnitude of the decrements
1Is0.3t0 0.7 SDunits relative to people without
diabetes.

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

A More studies are needed to examine link to
dementia.



Cognition intype 2 diabetesmeta analyses

A Data from 24 studies (mostly cresectional)
A Type 2 diabetes relative to controls:
A Qubtle decrements in
Executivefunction
Information processingpeed
Memory

Palta et al, JINS 2014; 20: 293



Type 2 diabetes : The ACCORD Stuc

A Primary Outcome
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Years

No. at Risk
Intensive therapy 5128 2839 1337 475 4438
Standard therapy 5123 2702 1186 440 395

Patients with type 2 diabetes (n=10251) with cardiovascular disease or risk factor for C\
Assigned to intensive (A1C < 6%) or Standard therapy (X194

ACCROD Study group NEJM 2008



Effects of intensive glucose lowering on brain structure and
function in people with type 2 diabetes (ACCORD MIND):
a randomised open-label substudy

Lenore| Louner, Michael E Miller, Jeff DWilliamson, Ron M Lazar, Hertzel C Gerstein, Anne M Murray, Mark Sullivan, Karen R Harowitz,
Jingzhong Ding, Santica Marcoving Lawa CLovatg james Lovata, Karen L Margalis, Patride O"Connar, Edusard W Lipkin, joy Hirsch, Lowra Coker,
Joseph Maldjian, Jeffrey L Sunshine, Charles Truwit. Chistos Davatrikos, R Nick Bryan, for the ACCORD MIND investigators*

Lancet Neurology 2011

A The ACCORD (MIND) Study sought to directly determine if
the level of glycemic control impaatsgnitive
performanceover time in nearly 3000 subjects with type 2
diabetes.

A Cognitive function assessed at baseline, 20 and 40 months.

A Primary outcometest of psychomotor spee(Digit Symbol
Substitution test)

A Secondary outcomamemory (Rey Auditory verbal
learning test); executive functiostfooptest)



ACCORD Memory in Diabetes (MIND) Study

A At baselinethere was an inverse relationship
between cognitive function and glycemic control as
measures by A1C.

A However after 40 months of follow up there was no
significant difference in the cognitive function
between the intensive and standard treatmestms.

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

CukiermanYaffeT et alldabcare 2009
Launerl et al Lancet Neurology 2011



ACCORD Memory in Diabetes (MIND) Study

A At baselinethere was an inverse relationship
between cognitive function and glycemic control as
measures by A1C.

A However after 40 months of follow up there was no
significant difference in the cognitive function
between the intensive and standard treatmestms.

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

CukiermanYaffeT et alldabcare 2009
Launerl et al Lancet Neurology 2011



Cognition insubjects with type 2 diabetes
Utrecht Diabetic Encephalopathy Study
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Control n=38 , Otype 2 diabetes, n=68, van den Berg E, et al. Diabetologia
mean age 65 2010;53(1):58-65



Hyperglycemia and cognitive function

:
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Glycosylated Hemoglobin

FIG. 1. Relationship between glycosylated hemoglobin
concentration and number of correct responses on Cali-
fornia Verbal Learning Test. 4, Diabetic (n = 29); O, control
(n = 30).

Reaveret al, Diabetes care 1990



Youth onset type 2 diabetes and cognition

Table 1 Cognitive function literature summary: significantly poorer cognitive domains in type 2 diabetes

Author, year, (T2D group n value) Control group

Yan et al., 20010, (n = 18) Obese only (n = 18)
Brady et al., 2017, (rn =20) HWC only in =20)

Igr ntelligence quotient, AWC healthy weight controls

Executive function and 10} hemory Aftention

Full scale 10} WERAML verbal memory DEST
WISC/WALS Processing Speed WISCAWALS working memory na
and WRAML verbal memory

RedelJM et al Current diabetes reports 2019



Factors associated with increased risk of
cognitive dysfunction itype 2 diabetes

Vascular
_ Disease
Chronic . .
Hyperglycemla DySI|p|dem|a
Recurrent
Hypoglycemia
Inflammatory
Mediators Insulin
_ Resistance
Genetic
Predispositia

HPA Axis
Dysregulation Type 2

Diabetes




Diabetes mellitus and risk of dementia:
A meta-analysis of prospective observational

studies

Kapil Gudala', Dipika Bansal'®, Fabrizio Schifanc®, Anil Bhansali®

Journal of Diabetes Investigation Volume 4 lssue 6 November 2013

Meta-analysis of prospectivebservational studies in people
with diabetes compared witindividuals withoutdiabetes

A 73%increased rislof all types otlementia
A 56% increased risk of Alzheindamentia
A 127% increased riséf vascular dementia



Insulin resistancapd diabetesncreasesisk of
| f ] KSAYSNXRA RA&!

A In epidemiologic studies insulin resistance, impaired
glucose tolerance and type 2 diabetes have been

associlated with increased risk of Alzheimer's disease.
(Ott et al 99;Peolaet al 02)

Possible mechanism of increased risk include
mpaired cerebral glucose metabolism

Disrupted regulation of Bmyloid trafficking and
clearance

ncreased inflammation
mpaired vascular function
Reduced brain insulin uptake/signaling

Do To Po T o D

CholertonB et al 2013



Brain glucose metabolism and
Alzheimer's disease

Pattern of restindiypometabolismn frontal, cingulate
and temporalparietalregions associated with AD and is
apparent years before clinical onset.

Langbaum et al. 2009




Insulin resistanceﬁand diabetes Increases risk @
| f ] KSAYSNXRA RA&!

1 £ 1 KSAYSNQA
disease pattern

Langbaum et al.
2009

IGT/Type 2 & :‘ﬁn a ¥ 4 z
diabetes pattern % e Y e R
Baker et al. 2010 2

L Lat L Med R Lat R Med

Greater insulin resistance was associated with Alzheimer's
disease like pattern of restingypometabolismn non
demented older adults



Intranasal insulin Improves cognitive
function and brain connectivity

A Intranasal insulin improves performance on
cognitive testing in healthy adultBenedict c et al
2007), as well as patients withcognitive
Impairment(Craft S et al 2012)

A Intranasal insuliracutely increase functional
connectivitypetween thehippocampal
regions and thaelefault mode networkn

older adultswith type 2 diabeteszhang Diabetes
2015).



Trajectories of cognitive decline type 2 diabetes

Cognitive performance  Dementia incidence
— Type 2 diabetes —— Type 2 diabetes
---- No diabetes -—-- No diabetes
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compiled results of >3@rosssectional & longitudinalstudies

Biesselset al. Lancet Diabetes Bndo2014



Summary
Cognitive dysfunction in typ2diabetes

A Type 2 diabetes associated with mild to moderate
cognitive deficits mostly in the domain$ memory
psychomotor speed, and executive function.

A Changesn cognitive function compared tioon-
diabetic controlscan be seen early in the course of
type 2 diabetes.

A Duration of diabetesglycemiaontrol andpresence of
microvasculacomplicationsare important risk factors.

A Inthe elderly populationtype 2 diabetesncreases the
risk ofdementia.
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Brain structural changes seandiabetes

A Total and regional brain volumes
A Markersof smallvessellisease
White matterhyperintensities
Microbleeds
Infarcts

A Microstructuralabnormalities in white matter
tracts




Anterior «» Posterior Anterior

B Con > T1D
o TiD > Con Posterior




Brain MRI In type 1 diabetes:
volumtery

A Type 1 diabete9)=82;Control,
n=36; Mean age 32

A Comparedo non-diabetic control,
subjects with diabetes had lower
gray matter density primarily in the
posterior, temporal, and cerebellar
regions.

A Lower gray matter density was
associated with poor glycemic
control, higher frequency of severe
hypoglycemic events, age of onset
and duration ofdiabetes.

Musenet al, diabetes, 2006



