Neurophysiological changes associated with Cognitive
Training in older adults “at risk’ for dementia: application

of the Mismatch Negativity event-related potential

Loren Mowszowski

Bachelor of Psychology (Hons)

Department of Psychology, Faculty of Human Sciences

Macquarie University, NSW, Australia

Research conducted at the Ageing Brain Centre, Brain and Mind Research Institute,

University of Sydney, NSW, Australia

March 2013

Empirical thesis submitted in partial fulfilment of the requirements of the degree of

Doctorate of Psychology (Clinical Neuropsychology)



Table of Contents

THESIS ADSIIACT. .. .. et e e e e e e e Vi
Candidate’s DeCIAration. ... ... c.uue ittt e e e e e vii
Publications and Conference PreSentations............o.vuveieveniie e e e e viii
AN o] 10 11T <o o T=T 0 1T £ iX
Explanation of Thesis FOrMat..........cooiiiiie i e e e Xi
LISt Of TabIES. ..ot e xiii
LISt OF FIQUIES ... et e e e e e e Xiv
List of Commonly Used Abbreviations.............coooiii i e XV
Chapter 1: General INtroduction.............ooiiii i e e 1
1.1, RESEAICN QUESTION. .. oottt et e e e et e e e e e e e e e e e 2
1.2. The ageing Population...........o i e e e e e 3
1.3. Targeting “at riSK’ groUPS. .. ... vn et e e e e e e e e e 4
1.3.1. Mild Cognitive IMpairment. .. ... ..o e e e 4
1.3.2. Late-life depreSSioN........ou i e e e 6
1.3.3. Subjective cognitive impairment............o.vviie i e e, 8
1.4. Identification of true prodromal cases within ‘at risk” groups...............ccoeevvnenn. 11
1.5, Early intervention Strategies. .. .....o.evvie et e v e e 12
1.6. Cognitive Training as an early intervention technique..............ccoe i viiieiieinennn, 13
1.7. Efficacy of CT in ‘@t FiSK” QrOUPS ... .uuiriie e e e e et e e e e e e 14
1.8. Neuroplasticity as the underlying mechanismof CT................cooiiiii i, 14
1.9. Neural changes associated With CT.........oooiiiiiiii e e 16
1.10. The use of event-related potentials in research of “at risk’ groups...................... 17
1.11. The Mismatch Negativity paradigm...........ccoeiiiieiiiiii e 18

1.12. RESEArCN @IMS... .. ceuee et e et e ettt e e e e e 19
1.13. HYPOtNESES. ..ot e e e e e e e 19
Chapter 2: Early intervention for cognitive decline: can cognitive training be used

as a selective prevention tEChNIQUE? ......ccooi e 21
2.1, ADSIIACT. .. ee e et e e s 22
2.2, INEFOTUCTION. .. ..t e e e e e e e e e e s 23

2.2.1. Cognitive Remediation and Cognitive Training...........ccoeeiviiieiie e 23
2.2.2. CT asapreventive teChNIQUE. .. ... ..uoe ettt e e 25
2.3.MELNOGS. .. et e 20
2.4, ReSUILS and DISCUSSION. .. ... vt tetie et et e e e et e e e s 27
2.4.1. Effectiveness of CT as a primary prevention tool...................coooiinnnn. 27

2.4.2. Evidence for CT as a secondary prevention tool...................cooiivieinien 29



2.4.3. Opportunity to develop CT in other ‘at risk’ groups: late-life depression...........
2.4.4. Effectiveness of CT as a tertiary preventiontool...................cooeiiii i,
2.4.5. Limitations of Cognitive Training research.............cooovii i iiiiiiie e,
2.4.6. Cognitive activity protects against decline..............c.oooiiiiiii i,
2.4.7. Mechanisms of neuroplastiCity.............coooii i,
2.4.8. CT as a promoter of neuroplastiCity.............coeieveiiiiiiiii e
2.5.Summary and conclusions: CT as a preventive technique for cognitive decline.......
2.6. Addendum t0 MethodS. ... ce e e
2.6.1. SEAMCH SIrALEOY ... .. ettt e e e e
2.6.2. Criteria for iINCIUSION... ... oot e e,
2.6.3. Criteria for eXClUSION....... .ot e
2.7. Literature update since publication of this review.................ccoiiiiii i
2.7.0. CT N “ALFISK™ GrOUPS .. ettt et et et et e et e e et e e et e e e
2.7.2. Neural changes associated With CT..........cooiiiii i
2.8. Additional considerations following publication of this review.........................
2.8.1. Terminology of neuroplasticity / CT mechanisms.............coovevveiiiviiiennnnn,
2.8.2. CT and other indicated prevention programs............ccovveeeerierineensvennennnnn
Chapter 3: Reduced Mismatch Negativity in Mild Cognitive Impairment:
associations with neuropsychological performance................ccooci i,
3L ADSEIACT. .. ettt e e e
3.2, INEFOTUCTION . .. e ettt e e e e e e e e
3.3. Materials and MethodS. .........ouiuiiie e
331, PartiCIPANTS. ..o e —————————
3.3.2. Psychiatric and medical asseSSMeNt.............vviuiiiiii e e
3.3.3. Neuropsychological assessSment..........cooeviiiiii e e
3.3.4. Neurophysiological teStiNg.........oivei i e e e
3.3.5. Statistical analYSesS..........ceii it
B RESUIS . .. et e e e
3.4.1. Sample descriptive, clinical and social functioning data.............................
3.4.2. Neurophysiological data.............coooi i
3.4.3. Neuropsychological data...........ccoooiiiiiii e
3.4.4. Correlations between neurophysiological and neuropsychological data...........
B . DIHSCUSSION. . ettt et ettt e et e e et et e et e
3.6. Addendum: Additional considerations following publication..........................
TG T0  ID TF- 1= (-JP

3.6.2. Use of ‘Digit Span’ subtest for measurement of working memory................

52
53
54
58
58
58
60
61
62
62
62
64
66

69
75
75
75



3.6.3. Measurement of cognitive flexibility..................cooi
3.6.4. Visual inspection of data for normality.............ccooiiiiiii i,
3.6.5. StAtiStICAl POWET ... ettt
Chapter 4: Reduced temporal mismatch negativity in late-life depression: An
event-related potential index of cognitive deficit and functional disability?................
4.1. Candidate’s contribution to the present paper..........cooov i,
A2, ADSIIACT. .. oo e e e
4.3, INTrOTUCTION. .. .. e e e e e e e
A4, MEINOUS. ..ot e e et e e e e e
441 SaMPIE. o
ALA.2. IMIBASUIES. .. et ettt et et et et e et et et et ettt et ettt bbb bbb e
4.4.2.0. PSYChIALIIC. ... e iv i e e e e e e s
4.4.2.2. Neuropsychological..........coovii i e
4.4.2.3.Disability.... ... —————
4.4.2.4. Neurophysiological..........c.oooiiiiie e e
4.4.3. Statistical analysiS..........oovviiii e ————
A5, RESUILS. ..ottt e e e e e
4.5.1. Correlations between MMN and clinical characteristics....................ccvnee
4.5.2. Correlations between MMN and neuropsychological functioning and disability
4.6, DISCUSSION. .. ..ttt et e et e e e e ettt ettt
Chapter 5: A Healthy Brain Ageing Cognitive Training program enhances
neurophysiological responses in older *at risk’ adults: an event-related potential
DL ADSIIACE. .. et e e
o J0Z2 {1 1o T [T 1 o o TSP
5.2.1. Targeting ‘at riSK’ groUPS. .. ... cuuee it e e e e e
5.2.2. Mild Cognitive Impairment..........ccoiiiii i e e e
5.2.3. Late-1ife depression. .. .....ccoui i
5.2.4. Subjective cognitive imPairmMeNt. .. .......c.ooe it e e
5.2.5. Early intervention Strategies........c.ovie e e e
5.2.6. Cognitive training as an early intervention technique.....................cooiiinnil
5.2.7. Efficacy of CT in “at risk’ groUPS.......cuvieit i e e e e e
5.2.8. Neuroplasticity as the underlying mechanismof CT................cooviiinni,
5.2.9. Neural changes associated With CT..........cooiiiiiiiii e
5.2.10. The use of event-related potentials in CT research with ‘at risk” groups...........

5.2.11. The Mismatch Negativity paradigm.............cccooiiiiiiiiii e

76
76

77
78
79
80
83
83
83
83
84
85
86
87
87
01

93



5.2.12. Aims and hypotheses.........ccoviiii i e e, 114
5.3 MENOOS. ...t e 11D
5.3.1. PartiCipants........ccoviiiii i i e, 115
5.3, DBSIgN. ..ottt e e se e enenes 110
5.3.3. INtEIVENTION. ...t e e e e nneneene LT
5.3.4. MBASUIES. ... ettt ettt et et ettt e see e seeneene 119
5.3.4.1. Psychiatric and medical assesSment.............coovieiiiiiiiieiie i 119
5.3.4.2. Primary outcome: neurophysiological functioning.............................. 121
5.3.4.3. Secondary outcomes: a) neuropsychological assessment...................... 122
5.3.4.4. Secondary outcomes: b) self-reported functioning................cc.coevenn 123
5.3.5. Statistical analyses...... ..o . 124
5.4 RESUIS. .. e 12D
5.4.1. Sample characteristiCs. .. .......c.vieviiii i et e 12D
5.4.2. Baseline group differenCes. ........ouviriii i e e e 128
5.4.3. Effects of treatment.............ccoviiiiiiiiiiii i e 130
5.5, DISCUSSION. .. ettt e et et et e et e e e et ettt LO3
Chapter 6: General disCUSSION..........ccvveiiiiiiiii i i e v, 140
6.1. Contribution of this research to the literature...............coooiii i 141
6.2. Review of research @aims............oooviiiiiii i e, 141
6.3. Utility of CT as an early intervention technique: efficacy in ‘at risk’ older adults...... 143
6.4. Application of the MMN paradigm as a novel neurophysiological biomarker of “at
FISK SEATUS. .. ot ettt e v e e e e e e e nennens LAB
6.5. MMN as an outcome measure of CT efficacy and index of neuroplasticity in ‘at
risk’ older adults...... ... e 100
6.6. Limitations of the research...............coooii i e, 154
6.7. Directions for future research.............c.ooiii i e, 156
6.8. Concluding remarks..........c..oie it e e 1T
Chapter 7: RefereNnCeS. .. .ooue ittt et seeesee e 1D9)
APPENAICES. .. ettt et e e e e e e neeneeneenes XV
Appendix 1: Supplementary Figures 9a and 9b
Appendix 2: Publication, “Early intervention for cognitive decline: can cognitive
training be used as a selective prevention technique?”
Appendix 3: Publication, “Reduced Mismatch Negativity in Mild Cognitive Impairment:
associations with neuropsychological performance
Appendix 4: Publication, “Reduced temporal mismatch negativity in late-life

depression: An event-related potential index of cognitive deficit and functional



disability?”

Appendix 5: Supplementary data from Chapter 5: “A Healthy Brain Ageing Cognitive
Training program enhances neurophysiological responses in older ‘at risk’ adults: an
event-related potential study”

Appendix 6: Macquarie University Human Research Ethics Committee approval letter

and University of Sydney Human Research Ethics Committee approval letter



Thesis Abstract

Background: The prevalence of dementia worldwide is expected to increase dramatically with
the rapidly expanding ageing population. Research has identified sub-groups of older people
with increased risk of dementia, including those with subjective cognitive impairment, depression
and mild cognitive impairment. With the current lack of effective treatments for dementia,
secondary prevention approaches targeting ‘at risk’ older individuals are warranted. It has been
suggested that cognitive training may have the capacity to delay or slow cognitive decline in
these ‘at risk’ groups. However, the extent to which such interventions also have the capacity to
alter underlying brain functioning is largely unknown.

Aims: This body of research aimed to: 1) examine whether cognitive training may be a viable
early intervention strategy for ‘at risk’ older adults; 2) determine whether utilisation of
neurophysiological paradigms may be a viable way to probe underlying brain dysfunction in “at
risk’ groups; and 3) investigate the extent to which cognitive training may be associated with
altered neurophysiological responses.

Methods: The first aim of this thesis was achieved with the publication of a literature review
exploring evidence for the efficacy of cognitive training. The second aim of this research
employed an event-related potential Mismatch Negativity (MMN) paradigm to determine the
capacity to detect changes in ‘pre-attentive’ cognitive processes in “at risk’ groups, which in turn,
are thought to recruit distinct neurobiological circuits. Finally, using a randomised controlled
trial in 40 “at risk’ older people, this research examined the capacity for cognitive training to alter
the MMN response.

Results: The findings of this research confirmed that cognitive training does offer promise as a
secondary prevention tool for cognitive decline in “at risk’ cohorts. It also showed that the MMN
response is reduced in “at risk’ groups relative to healthy older controls and is also associated
with neuropsychological and psychosocial functioning, suggesting its utility as a neural marker of
brain dysfunction. Finally, results showed that this marker is enhanced following cognitive
training, supporting the notion that neuroplastic changes do occur in relation to this non-
pharmacological intervention.

Implications: Further research exploring the relationship between the MMN marker and
underlying pathophysiological brain changes associated with dementia is now warranted, as well

as research exploring the capacity of this marker to predict cognitive decline longitudinally.

Vi
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been included at the end of each chapter but have rather been combined into one
comprehensive reference list which appears as Chapter Seven at the end of the thesis.

The thesis also includes a general introductory chapter in which the existing literature
IS reviewed, the justification for the current research is established, and the general aims and
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included following the fourth paper in order to bring together the findings from each paper
and to provide a conclusion to the overarching research aims and hypotheses.
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