Inspection Time as a Biological Marker for

Functional Age

Tess A. Gregory

School of Psychology
University of Adelaide
October 2006



TABLE OF CONTENTS

AB ST RACT ettt ettt st R Rt Rt bR e Rt e eR e R e Rt Ee R e R eeeReeeReenReenEeenEe e b anees \Y
[ O I Y o N I 1 ] SRR PR PP VII
ACKNOWLEDGEMENTS ... e sttt et e s be e VIII
LIST OF TABLES ... ..o oottt ettt et e e b e e e r b e e s abe e s ab e e st e e e atee e be e e beesnbeennbeennes X
LIST OF FIGURES. . ... .ottt ettt sttt ettt b e e e b e et e st e e e nbe e nbaeenbeeenneas X1l
KEY TO ABBREVIATIONS ...ttt st te et be et e et e et e e tee e X1
CHAPTER ONE: FUNCTIONAL AGE AND BIOMARKER RESEARCH ........cccccoviiiiiieiiie i 1
FUNCTIONAL AGE ...ttt ettt ettt ettt e e hb e e e e bt e et e bt e bt et e e b e e b e e bt et e e ne e beenis 2
The Concept Of FUNCLIONAT AQE ....oveiiieie e e 2

The Measurement of FUNCLIONAT AQE.........ooiiiiiiieiee s 2
Functional AQe RESEAICN........ccoiiiiiee e 4
Criticisms Of FUNCHIONAI AQE ......eiiiiiiiee e 6
BIOMARKER RESEARCH .....ccutiiiiiiieiiiesiie sttt 8
Criteria for Validating @ BIOMArKEr ..........ccceiiiiiiieie i 8
Models for Validating BIOMAIKErS .........c.coiiiiiiiiiiiisiee e e 14
Next Steps in Biomarker RESEAICH .........ccoiviiiiiiie e 16
CHAPTER TWO: INTELLIGENCE AND SPEED OF PROCESSING.........cccccviiiiiieniienieenieee 19
INTELLIGENCE ..ttt ettt sh ettt bbb h et h bbbttt b et e be e n e 19
Theories of Psychometric INtellIgeNCe...........cov i 19
Early Models Of INEIIIGENCE.........uii e 19
(€] L CTol I 1 TTo)] o OO RTTTRUPTUPRPRPN 20

Age trends iN GF-GC FACIOIS .......oiiiiiiie e 22
SPEED OF PROCESSING .....ccutiiutiestieiiesti ettt ettt st sb s 23
Processing-SPEEA TREOTY .....ccviiiiiie ettt re et ene e 23
Speed of Processing as @ BIOMArker ...........coocvoiiiiiiiiiiie e 25
Traditional SPEEU IMEASUIES .........ciuiiiieieiiecieie sttt sttt e e e e e sbe e eseesresneas 26
AIEINAtIVE SPEEU IMBASUIES ......eiveevieitieiieie sttt sttt ettt sr e bbb e s e ntesre e bennes 27
INSPECTION TIME....titieiieite ettt sttt ettt e st et e e s et sbeeneenbe s e e e e nbennes 28
CHAPTER THREE: VALIDATION OF INSPECTION TIME AS A BIOMARKER............ccco..... 31
THEORETICAL VALIDATION ....uttiutteutiettesteesteesteesieesseesbeesseesseesseessseasseasseasaeasseasbeenseebeenneanneenneenes 31
BIolOgiCal IN NALUFE ...t bbb 31
REFIECT NOIMAL AQING ..ot bbb 32
HIGhlY REHADIE ... et 33
Stable aCroSS GENEIALIONS ........cc.iiiiiiiiiieie ettt b e e sb e srenaeas 33
Change Independently with Passage of TIMe........cooiiiiiiiiiiceee e 34
Minimally Traumatic to Measure in HUMANS..........cooiiiirininiiie e s 35
Exhibit Reliable Change over Short Period of TIMe .........ccccciiiieiiiiiiecc e 35
EMPIRICAL WVALIDATION .....ctititeiteeesiree sttt e sttt ssse e sms e sn e s e s s e e e b e e nne e e nnn e e nn e e e 36
Speed of Processing and MOFTality..........ccoviiiiiiiiiiice e 36

Speed of Processing in Animal RESEAICH ..........ccoiiiiiiiiiie e 40



Speed of Processing and GENUET .........covoieiiiiiie e 41
Speed of Processing and Physiological AQING ... 42
Speed of Processing and COgNITION .........ccoiiiiiiiieniiie e 43
Speed of Processing and Life-Style FACOrS .........couviiieiiiieiieeeesee s 46
Speed of Processing and DISEASE ........ccoueiuiiiiieiie ettt 50
PLAN FOR EXPERIMENTAL INVESTIGATION ....vtiitiiitieiiiesiie e sttt 52
COoNCUITENE VAIIILY ..ot sreeneas 54
Reliability and Six-month Change ..........cceiiiiiiiiice e 55
AssessmeNnt Of FUNCHIONAT AQE .......coiviiiiiiiie et 55
PrediCtive ValIdIty .......cooiiiieieiecie et st nrenneas 55
TS BAIEIY ... 55
HYPOTNESES ...ttt bbb st e b et s be e s e e besre et e e nre s 56
CHAPTER FOUR: STUDY 1—-TESTING CONCURRENT VALIDITY .cccooiiiiiiiiieiie e, 59
IVIETHOD .ttt h bbb e b e b e b be b be b e 59
PAITICIPANTS. ...ttt bbb bt b et e bt e et he e b b e e e nenre 59
Materials aNd APPATALUS .......cceiiirieiiiieie st s te st e e s re e e sse e e e e srenreas 61

e o TolTo [0 =TSSP PSPPI 67
RESULTS ittt ettt ettt ettt ettt e bt e bt e e b e e e s an e e e nn e e e nn e e e R e e e b e e ne e e nneen 70
DESCHIPLIVE STALISTICS. . euviivievieiiiteeie ettt sttt et s be e e sbe e e e e nbenneas 71
INSPECTION TIME ...ttt sttt s et st e e b et et e s bt e saesbeereeneenbenns 72
DEMOGIAPNICS ...ttt bbbt re e nrenne s 73

I (] Y] [OOSR UPTUR PSPPI 74
HEAIN. ...ttt e b e et nenae 81
PRYSIOIOQICAT AQING ....eitiiiiiiieieite et bbb st sbennea 82
OULCOME IMIBASUIES ......cveeiiieeiie ettt ettt ettt ettt ettt b et e b e e bt e bt e nbe et e e bt e nb e e b e e nneens 83
DISCUSSION ...ttt ettt b e bbb e bR e bR e e e Rt e e bt b e e e nnear e e nne e 91
IT and Age-ASSOCIAtEA FACLONS. .....cc.iiiiieieiiiiee st 91
IT and PhySiologiCal MArKEIS .........cccoiiiiiiiieie st 95
IT aNd OULCOME MEBASUIES .....c.eeiirieiieiieiiitesie ettt sttt bbb sbe b 96
GENEIAl CONCIUSIONS. ......iiiiiieietieiee ettt b ettt ettt st sb et 98
CHAPTER FIVE: STUDY 2 - RELIABILITY AND STABILITY OF THE BIOMARKERS......... 99
IVIETHOD ...ttt ettt bt etk e et £kt e bt ek e e e b e e bt e e be e b e e ebe e nbeeebeenneesnn e 99
P AITICIPANTS. ...ttt ettt e e bbb be Rt b e te et et nre s 99
Materials and APPATALUS .......cc.oiiiiiieiiiie et sb et be e 100

[ oTor=To [ =TSPTSRO 100
RESULTS -ttt bbbt h bbbttt b b 101
Question 1: How Reliable are the Initial ValueS?.........cccccevvveiiiiiieie e 101
Question 2: How Reliable are the Change SCOres? .........ooiiiiiiiiicieneeeeseeee e 104
Question 3: How Stable are these Constructs over a 6-month period? ............c.ccocerenneee. 105
Question 4: Are there Individual Differences in Stability of the Biomarkers?................... 106
Question 5: Are there Gender Differences in the Stability of the Biomarkers? ................. 117

(DS 0L W17 ] TR 118



CHAPTER SIX: STUDY 3 - THE ASSESSMENT OF FUNCTIONAL AGE ..., 123
AV (] o 124
PAFTICIPANTS. ...t e et b ettt et b et b bbb e naas 124
MaterialS and APPAIALUS .........cciiiiieieite ettt e bbb ne e e saeeneas 125
PrOCEAUIE .ttt et ettt e e e e e e e e e e e e e e e e e et senreeeeeeeaeaeeaeaeeeeees 126
1T U 1 127
THE FINAI SCOTE. ..ottt e et e e e e ettt e e e e re et e e e e e se et e e e eeaereeenens 127

The 18-month ChanQE SCOTE .....c.uviieiiieiieie et 130

(D] 101 W17 ] T 139
CHAPTER SEVEN: STUDY 4 - PREDICTIVE VALIDITY oottt 145
AV ] o 146
1Y U] T I T 150
Everyday FUNCHIONING.......coiiiieie ettt 150

(0000 o111 o] o U U TP UPTUTPROP 156

1D 11T 0151 ] 163
AT [PPSR PR OPRTR 164

(C] T oI =1 11 11 SRR PSP 164
BlOOT PrESSUIE. ...ttt ettt e e e e ettt e e e e e et e eeeeseaat e eeeeesaaanaeeeesssanrnereeeesanns 165

LA =T T | SRS SSRPUR PSP 166

[ (=TT | ) TSRS RPPRPRPPN 167
VISUBL ACUITY ..ottt sttt b et e st st e st e b st e e s e tesbeanee b 167
INSPECTION TIME.....eiiieiiete ettt b et et st be b e e st e nbesreene st 168
CHAPTER EIGHT: FINAL DISCUSSION ...ttt 173
INSPECTION TIME: A SCREENING TOOL? 1titvittttiiiiiiiiieeeeeettteeesatiiessssseseesesssssesssssrsnsnssseeseesssees 173

1Y/ 1=Y Lo To [N TR 174

R SUIES ..ottt e ettt eeeteeeeeeeeee e e et e e et e e e e e ar i ——————————raaaaaaas 175

IS CUSSION ...ttt ettt ettt ettt et e e e e e e e e e e e e e e ee e e e e e e eenseeeeeereeaeeeaeeeeeaaeeneaas 178
FINAL ASSESSMENT OF IT AS A BIOMARKER ......cetttttttitetttrrurissisesessessssesssssrssssssssesesssssesesssnnnn 182
TheoretiCal REQUITEMENTS .......cuciiiiiieieie ettt st ba e ne s 183
SPECITIC REQUITEMENTS. ....cviiiieiiiiieie ettt e et e re b nre e 184
EX-POSt FACIO MOUEH ...ttt ettt e e e e ettt e e e e e et e e e e e aeeaeeeeesae 188

IPSO FACIO IMOGEL......cviiiiiieee et nne 193
LIMITATIONS OF THE CURRENT INVESTIGATION .. .ctttteteeetttutasseeeeeeeeeeeeeessssssnnnnsssseeeesseseseessnnnnns 193
NEXT STEPS FOR DT oottt ettt et et e e et e ettt e e e et e eeeee et e eeeeasasa e e e saeeeeeseeeennnnnnnnnnnn 197
APPENDIX A. LIFE-STYLE QUESTIONNAIRE ... 200
APPENDIX B. FOOD DIARY .ottt e e e e e e e e e e ettt e e e e eeeeeeeeeeeea e sreeeeaanennnes 201
APPENDIX C. INFORMATION TEST ...ttt rs e e s e eeeeee s 211
APPENDIX D. ACTIVITIES OF DAILY LIVING SCALE. ... 216
APPENDIX E. VARIANCE METHOD FOR INSPECTON TIME ... 222
APPENDIX F. SHARED AND UNIQUE VARIANCE IN FLUID ABILITY ...ccoociiiiiiiieceece e, 224
APPENDIX G. PREDICTIVE VALIDITY OF BIOMARKERS FOR COGNITIVE TASKS....... 228

REFERENCES ..ot et 234



ABSTRACT

Inspection Time (IT) is a speed measure that has been primarily investigated in the field
of individual differences. However, Nettelbeck and Wilson (2004) proposed that IT could have
promise as a biomarker for functional outcomes, particularly cognitive aging. The premise
behind biomarker research is that chronological age is simply a proxy for the physiological and
cognitive changes that occur in the body with advancing age. Biomarkers are measures that
‘mark’ the aging process and represent the biological age of an individual rather than the years
since his/her birth. Speed of processing tasks offer promise as biomarkers because decline in
speed of processing is one of the most robust findings in cognitive aging research. However,
traditionally used tasks are problematic because they confound speed and accuracy and some are
sensitive to cohort effects. Inspection time is a speed of processing measure that is free from
these problems and is therefore a promising candidate for a biomarker. This dissertation presents
the first empirical investigation of this proposition.

One hundred and fifty elderly participants were assessed on IT, traditionally used
biomarkers (e.g. grip strength, visual acuity), a battery of cognitive tasks (e.g. fluid ability and
crystallised ability) and measures of everyday functioning (e.g. activities of daily living). These
individuals were assessed on three separate occasions over a period of 18-months. For the
biomarkers, initial scores, 6-month change scores and 18-month change scores were generated
and used to predict final scores and 18-month change scores on the functional outcomes
(cognition and everyday functioning). Results revealed that slow IT at the start of the study was
associated with dependence in activities of daily living and poorer fluid ability at the end of the
study. There was also evidence that slow IT at the start was associated with decline in fluid
reasoning over the subsequent 18-months. Moreover, consistent with the major aims of this
study, decline in IT over time was associated with more cognitive problems in daily life and poor
fluid ability at the end of the study. Given that initial and change scores for IT were independent,
due to the methodology used to estimate them, the two measures explained unique variance in the

functional outcome measures.



Vi

These findings are extremely encouraging, particularly given the relatively short time
frame for this study. IT has predictive validity for everyday functioning and cognitive aging
over an 18-month period, and therefore, it is concluded that IT has promise as a valid biomarker
for functional age. Recommendations for further research include investigating the link between
IT and mortality, examining the association between IT and a broader range of functional age
measures, the replication of these findings in a different sample, and means for improving the

sensitivity and specificity of the current IT estimation procedure.
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