View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by UND Scholarly Commons (University of North Dakota)

LN') University of North Dakota
2 UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects

January 2012

The Impact Ot Time Of Day, Sleep, And Nutrition
On Age-Related Changes In Cognitive

Performance

Jaclyn Reckow

Follow this and additional works at: https://commons.und.edu/theses

Recommended Citation

Reckow, Jaclyn, "The Impact Of Time Of Day, Sleep, And Nutrition On Age-Related Changes In Cognitive Performance" (2012).
Theses and Dissertations. 1372.
https://commons.und.edu/theses/1372

This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact

zeinebyousif@library.und.edu.


https://core.ac.uk/display/235077053?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://commons.und.edu?utm_source=commons.und.edu%2Ftheses%2F1372&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F1372&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/etds?utm_source=commons.und.edu%2Ftheses%2F1372&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F1372&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/1372?utm_source=commons.und.edu%2Ftheses%2F1372&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:zeineb.yousif@library.und.edu

THE IMPACT OF TIME OF DAY, SLEEP, AND NUTRITION OMGE-RELATED
CHANGES IN COGNITIVE PERFORMANCE

by

Jaclyn Reckow
Master of Arts, University of North Dakota, 2012

A Thesis
Submitted to the Graduate Faculty
of the
University of North Dakota

In partial fulfillment of the requirements

for the degree of

Master of Arts

Grand Forks, North Dakota
December
2012



This thesis, submitted by Jaclyn Reckow in paftifiillment of the requirements
for the Degree of Master of Arts from the Univeysaf North Dakota, has been read by
the Faculty Advisory Committee under whom the wioals been done, and is hereby
approved.

Thomas Petros, Ph.D.

F. Richard Ferraro, Ph.D.

Joseph Miller, Ph.D.

This thesis is being submitted by the appointedsady committee as having met
all of the requirements of the Graduate Schodhatiniversity of North Dakota and is
hereby approved.

Wayne Swisher
Dean of the Graduate School




Title The Impact of Time of Day, Sleep, and Nutnition Age-Related Changes
in Cognitive Performance

Department  Psychology

Degree Master of Arts

In presenting this thesis in partial fulfillmerfttbe requirements for a graduate
degree from the University of North Dakota, | agtieat the library of this University
shall make it freely available for inspection. ither agree that permission for extensive
copying for scholarly purposes may be granted byptiofessor who supervised my
thesis work or, in his absence, by the Chairpecsdhe department or the dean of the
Graduate School. It is understood that any copgimgublication or other use of this
thesis or part thereof for financial gain shall hetallowed without my written
permission. It is also understood that due recagnghall be given to me and to the
University of North Dakota in any scholarly use alhimay be made of any material in
my thesis.

Jaclyn Reckow
November 5, 2012



TABLE OF CONTENTS

LIST OF TABLES ...ttt e e e e et e e e e e e s bmmm e e e e e eenaneaeas v
ACKNOWLEDGEMENTS ...t e e Vi
A o O PP Vi
CHAPTER
[ INTRODUCTION ... e e e e e e e 1
INUTTTION .. e e 16
[T o SRR 19
[l METHOD ... e e et e e e eennmnn e 23
PartiCIPANTS......cuveiiiiieie s e e e e e e e e e e e e 23
MAEETIAUS ...ttt 23
ProCEAUIE ...t 27
I, RESULTS .o et e e e e e e e remm e e e ennes 29
DemOgraphiCs .......coeeviiiiiiiiiiaie e e 29.
Pittsburgh Sleep Quality INdeX ...........uuuvueiiiiiiiiiieiiiiis 31
Physiological MEASUIES ..............eevvmmmmmmmeesennnnnneseeeeeaeeeeeeeeeeeesnnsnnnnn 32
NULHtIONAl INTAKE ... e 34

Repeatable Battery for the Assessment of

Neuropsychological Status................... e eeeeeeeeeeeeiiiiiineee e e 37
Prose RECAl ........ocooiiiiiiiiii e 42
V. DISCUSSION ...t cemmm et e e e e e ee e e 46
REFERENCES ... e e e e 52



LIST OF TABLES

Table Page

Means and Standard Deviations of Participant&HeristiCs...............uvvvvciiiennnennn. 30
Means and Standard Deviations of ParticipatsiiRirgh Sleep Quality Index........ 32
Means and Standard Deviations of Participagsidlogical Measures ................... 33

Means and Standard Deviations for Particip&ady Macronutrient
AN [U L g1 ToT g F= U [} == 35

Means and Standard Deviations for Particip&rady Micronutrient
NULHEIONAL INTAKE ..o s 36

Means and Standard Deviations for AdditionairMonal Data ............ccovvvveneennen.. 37

Means and Standard Deviations of Repeatablefdbr Assessment

NeuropsyCholOgICal STAtUS .............uue . wmees e e e e e e eeeeeeeeeeeeaaenrennn s 38
Means and Standard Deviations of Particip&rtgortion of Story Recall............. 44
Post Hoc Age x Time of Day x Story Type Intéi@t Analysis ..............cevvveeinennn. 45



ACKNOWLEDGEMENTS
| wish to express my appreciation to the memberay#dvisory committee for

their support and guidance in the completion ofth@sis.

Vi



ABSTRACT

The present study examined how sleep, nutritioriake, and time of day
moderate age-related cognitive changes. Reseataias there are cognitive changes
associated with healthy aging. Many studies comgaroung and older adults have
tested participants at the same time of day. Mecently, research has revealed certain
cognitive tasks produce a synchrony effect, in Whparticipants perform better during
their preferred time of day. Older adults tend tef@ morning activities while younger
adults prefer afternoon or evening. Forty-eightngadults, ages 18-3M(= 20.7) and
25 older adults, ages 60-84 € 71.4) completed the Pittsburgh Sleep Qualityekydhe
Block 2005 Brief Food Questionnaire, the Repeat8lalitery for Assessment of
Neuropsychological Status (RBANS), and prose paseacall. Synchrony effects were
supported for RBANS List Recognition, Figure Coagd Figure Recall. No synchrony
effect was observed for prose recall. Additionadlgep indices and nutritional intake did

not significantly account for age-related differea@n cognitive performance.
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CHAPTER|
INTRODUCTION

Research has investigated cognitive decremenwing andividuals by
comparing younger and older adults on a varietyoginitive tasks. Older adults have
more difficulty in working memory and in retrievimgewly learned information. Craik
and McDowd (1987) examined age differences in reitimgn and recall memory.
Younger and older participants were visually présetists of 12 words, and then asked
to complete a cued-recall or recognition retrigagk. During the recall and recognition
trials, participants performed a secondary readtioe task. The secondary reaction time
task visually presented one of four classes ofaipmeric characters and participants
pressed a corresponding response key as quicklgsssble. Longer latency of reaction
times during the retrieval tasks represented mogaitive resources being used in the
word retrieval. Craik and McDowd (1987) found angfigant interaction between age
and test. Older and younger adults had slowerimatimes during the recall task
compared to the recognition task, and this diffeeanas significantly larger in older
adults than younger adults. These results suggdsaedecall demanded more processing
capacity than recognition and that the additiomasthdnds on processing capacity during
recall were larger for older adults than youngerlizd

In addition to word lists memory, age related dexdiin passage memory have

been observed. For example, Dixon et al. (1984ddat the effects of verbal ability



and text structure on age differences in text tePalrticipants were young, middle-aged,
and older adults. Each age group was divided mtodnd high verbal ability based on
Part | of the Advanced Vocabulary Test from The ¢fiFactor Referenced Cognitive
Tests. Participants were presented six short thatsvere 98 words in length. Texts
varied in number of arguments (main points) antkxt levels. Text levels were rated for
their importance to the main point of the textse Baperordinate proposition levels
represented themes within the texts while subotdilevels represent details. Scores on a
recall task revealed a three-way interaction betwagge, verbal ability and propositional
level. In low verbal ability adults, younger aduilexalled more propositions at all text
levels than older adults. In higher verbal abifitults, there was no age difference in
recall of superordinate (Level 1) propositions. loer, younger adults recalled more at
subordinate levels (Levels 2, 3, 4) than older @&didigher verbal older adults showed
age differences at the detail level, while lowerba older adults showed age decrements
at all levels of text (Dixon et al., 1984).

Petros et al. (1989) examined the impact of teatatteristics and verbal ability
on age differences in prose memory. Petros etadligted that verbal ability and passage
type would moderate the size of age differencesmiesl. High and low verbal younger
and older adults listened to six stories that v28@-220 words in length. Three of the
passages were narrative in organization while thuere expository. The stories were
presented at either a slow, medium, or fast ratikeach presentation was followed by an
immediate recall. Each story contained units egeHhevels of importance. Results
showed younger adults recalled more than oldertgdahd high verbal individuals
recalled more than low verbal. Narrative passagae wecalled more than expository
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across age and verbal ability. There was a sigmfimteraction between verbal ability,
passage type and age; low verbal subjects shoveadegrage differences on expository
passages than narrative passages and the magpitiige difference was larger for low
verbal than high verbal participants (Petros etl£189).

One of the cognitive components involved in pneenory is rapid attention and
accurate access to long-term memory. One methatitastudy this process has been to
use a confrontational naming task in which partiotg are shown a picture depicting a
single object and asked to name the object.

The Boston Naming Test (BNT) is a confrontatioreting task often used in
aging research (Moberg, Ferraro, & Petros, 20009r Btudies had shown that a sharp
decline in confrontational naming occurs after @geand age-related declines in
memory are often attributed to retrieval difficaki(Nicholas et al., 1985). Previous
studies have also demonstrated certain stimulusctaaistics, such as frequency of
occurrence and age of word acquisition can infleamaming latency (Lachman, Shaffer,
& Hennrikson, 1974). That is, words high in freqagand words acquired early in life
are named faster than low frequency and recentjyised words. Moberg, Ferraro &
Petros (2000) examined whether the lexical propef words on the BNT could
account for observed age differences. Older andg®uadults were presented with
words that represented the pictures in the Bost&miNg Test. Participants were required
to name each word as quickly as possible. Oldeltsadamed words slower than younger
adults. The relationship between word frequencylmer of letters in the word, rated
familiarity of the word, the number of syllablesthre word and naming latency was
computed separately for each participant and repted as a beta weight. Multiple
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regression results indicated no significant agkedghces in the beta weights of the
predictor variables: log of the word frequency, tn@mof letters in the word, rated
familiarity and number of syllables. This resulggests that the impact of these lexical
properties of the word was similar in younger attkpadults. A second experiment had
younger and older adults complete a lexical dexitask in which they were presented
with the words from the BNT and pseudo-words ankddd$o decide as quickly as
possible whether the stimulus was a word or naidgg one of two computer keys.
Older adults had longer reaction times than youadeits in this task. Again, there was
no interaction between the lexical properties efwords and age. These experiments
indicate lexical properties have a similar influeracross age and cannot account for age
differences found on BNT (Moberg, Ferraro, & Peti2300).

A number of theoretical accounts of age-relatediiex in memory performance
have been put forth. For example, Hasher and Zd&&8) proposed a theory of age-
related changes in memory. They argue that inhijppoocesses support working
memory by limiting the access of irrelevant infotmoa into working memory, by
deleting information that is no longer relevantfravorking memory, and by inhibiting
prepotent responses (response inhibition). Onethgscs resulting from this theory is
that the efficiency of inhibitory processes dedinath age. A number of studies have
documented the decline in working memory processttsage for access (Connelly,
Hasher, & Zacks, 1991), deletion (Hamm & HasheB2)&nd response inhibition
(Kramer et al., 1994).

For example, Connelly, Hasher, and Zacks (1991in@xed inhibitory
mechanisms in aging and verbal ability level. Cdignélasher, & Zacks had younger
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and older adults read aloud short passages anceagsestions of comprehension. In the
experimental condition, the passages containechdist material between words (e.g.,
“The car rideriver was getting bumpyeepnow that...”), and the control condition had
no distracters. Participants were instructed toingrall distracting material. After the
final story, the participants were given a freaatktest of the distracter words. Reading
times and distraction word recall were used as aoreasof how well the irrelevant

stimuli were inhibited. Participants were also gitke Vocabulary subtest of the
Wechsler Adult Intelligence Scale- Revised (WAIS-&)neasure of verbal ability.
Results showed older adults had slower readingstitmen younger adults for both
conditions: distracting material and no distractingterial. Younger and older adults had
slower reading times during the distracter conditizan the no distracter condition, but
older adults had a larger discrepancy betweendhditions than younger adults. The
interaction between age and distractor conditioneawling time indicates that distracter
presence has a greater impact on older adultsythamger adults. When verbal ability
was co-varied with reading times, older adults Wathier verbal ability were more
vulnerable to the distraction effect than olderledwith a higher verbal ability and
younger adults. In a second experiment, Connelaghdr, and Zacks (1991) examined
the impact of semantic content of the distractiatamal. Participants followed the same
procedure as the first experiment, but with thrggeeimental conditions: text-related,
text-unrelated, and meaningless. In the text-rdlatndition, the distracters were
semantically related to the passage. The text-at@@lcondition had distraction material
unrelated to the passage. The meaningless contididrstrings oks that were matched
for word length to the other experimental condisioxfounger and older adults had
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slower reading time when the distraction had meg(tiext-related and text-unrelated)
than when the distraction was meaninglesstrings). However, older adults’ reading
was more disrupted by text-related material thatrwarelated material, an effect not
found in younger adults. Higher verbal ability ilder adults attenuated the disruption of
distracter material.

Another theory for age differences in memory isvéhg in processing speed
(Salthouse, 1996). That is, age-related declinesrediated by the slowing of cognitive
processing which limits the amount of informatibiattcan be maintained or processed in
working memory. Studies have revealed that slowedgssing in older adults accounts
for age differences in many cognitive tasks, arad stowed processing speed accounts
for greater variability in age differences thanesthroposed variables, such as working
memory capacity (Zacks, Hasher, & Li, 2000).

Limited cognitive resources is another explanatibage differences in memory.
The limited cognitive resource account proposasalder adults have deficits in
processing capacity that can include attentionarkimg memory (Zacks, Hasher,

Li, 2000). Age-related decline in memory have bfemd in tasks requiring high
demands on working memory (Hamm & Hasher, 1992jniMa% Hasher (1992)
examined the impact of age on inference recakniimference task, participants are
instructed to infer a correct interpretation oharg passage. Making inferences has a
high demand on working memory by requiring maintexeeof current material, retrieval
of relevant information from the passage, and dggeperal knowledge. Hamm and
Hasher had younger and older adults read passsaygsimplying an inference that was
expected or unexpected. Expected inferences haantgiensupport throughout the
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passage. Unexpected inferences had initial sugparcompeting inference, but later
information in the passage supported the correetxpected inference. Results indicated
that older adults were more likely to support cotimgeinferences than younger adults.
Data revealed that older adults held more possitdepretations throughout the passage
and failed to narrow down the possibilities. Maintiag multiple interpretations holds
higher demands on working memory, resulting in eddated decline in memory.

The above research suggests that verbal abilitywatierate age-related declines
in cognitive performance such that high verbalwiials will show less cognitive
decline than low verbal individuals. The time ofda which individuals are tested has
also been proposed as a possible moderator ofedgfed declines in cognitive
performance (May, Hasher, & Stoltzfus, 1993).

Research that involved younger adults has doclwedertgnitive changes in
individuals throughout the day (Petros, BeckwithABderson, 1990). The effect of time
of day on cognition is attributed to level of aralusArousal, typically indexed by body
temperature, is relatively lower upon awakeningl sxcreases throughout the day,
reaching its peak in the early evenif@lkard, 1982). Morning-type people are more
aroused in the morning and slowly decrease throutgihe day, and evening-type people
slowly increase in arousal throughout the day. diteeisal explanation of the impact of
TOD on cognition was further supported by the wafrkiorne and Ostberg (1976).
Horne and Ostberg (1976) created a questionnackassify people along a
morningness-eveningness dimension in circadiarhrhgt The questionnaire’s scores
range from 16 to 86; higher scores indicate a gredggree of morningness, and a lower
score indicates a greater degree of eveningnessekmd Ostberg (1976) found that
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45% of adults were moderate to extreme eveningstgp@noderate to extreme morning
types (scores 41 and below, 59 and above, respbgtiEvening types wake with a
lower body temperature than morning types. The iegetypes’ level of arousal
gradually increases throughout the day. Mornings$ypevel of arousal rises more
quickly and reaches their peak 68 minutes befoemiayg types.

Petros, Beckwith, and Anderson (1990) investig#tedeffect of time of day on
prose recall in individuals who indicated that therning was their optimal time of day
(morning-type) and individuals who indicated tha aifternoon or evening was their
optimal time of day (evening-types). Previous rese&ad shown a levels effect for
prose memory; participants favor main ideas inrtresall compared to the nonessential
details. Memory for prose depends upon the effeativeration of working memory,
which had previously thought to decrease across tihday (Folkard & Monk, 1979).
Petros, Beckwith, and Anderson (1990) predictedithe of day effects on prose
memory would depend on whether the participantavasrning- or evening-type.
Subjects completed the Horne & Ostberg Morningr&smingness Questionnaire and
listened to four stories that were 270-315 wordength. Immediately after listening to
each story, participants were asked to recall sty in as much detail as possible.
Stories were either easy't6™ grade reading level) or difficult (910" grade reading
level) in readability and contained recall unitdfuiee levels of importance. Petros,
Beckwith, and Anderson (1990) found the effectimiet of day on prose memory was
influenced by individual preference for time of ddorning-type individuals recalled
more at 9 a.m. than at both 2 p.m. and 8 p.m. Egetyipe people did not show
significant difference in recall across time of déyowever, average recall numerically
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increased across time of day.) Results also sheweding-type subjects recalled more
than morning-type on all levels of unit importameept low importance in high
difficult readability (Petros, Beckwith, & Andersph990).

The effect of time of day (TOD) has also been olin tests of sustained
attention and simple working memory tasks (Lawrefc&anford, 1999). Lawrence &
Stanford examined the effect of time of day andumsipity on sustained attention and
working memory using the Connors Continuous Peréooe Task (CPT), time interval
estimation, letter cancellation test, and digitrspehe participants were undergraduate
psychology students between the ages of 18 antH&0Barrot Impulsiveness Scale
(Patt et al., 1995) was used to identify high awl impulsive individuals. High and low
impulsive individuals were tested between 8:00 Hi@0 a.m. or between 6:00 and 8:00
p.m. The results indicated that there was no intena between time of day and
impulsivity. However, there was a significant maifect for TOD. Participants had a
lower number of response omissions on the CPTarettening compared to the morning.
Additionally, Digit Span forward had better redallthe evening than morning
(Lawrence & Stanford, 1999).

In contrast to the results of Lawrence and Stahf(r999), Bennett et al. (2008)
found TOD differences in executive functions, bat working memory or sustained
attention. Previous research supported that peepteto perform best when tested in
their preferred time of day (morning or eveningdyPetros, Beckwith, &

Anderson, 1990). Bennett et al. had subjects campihe Morningness-Eveningness
Questionnaire. Then morning-type and evening-tygé@pants were tested in the
morning (8-10 a.m.) or evening (3-5 p.m.) on aetgrof executive functioning tasks.
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Results showed no significant TOD effects on CPdigit span. A synchrony effect, that
is, better performance at preferred time of days pr@sent for the Wisconsin Card
Sorting Task (WCST). Cognitive efficiency and fliexity in the WCST decreased across
TOD for Morning-type subjects while Evening-typégcts showed increased
performance across TOD (Bennett et al., 2008). irssible reason no effect was found
on the CPT in Bennett et al. (2008), but an eftecCPT was found in Lawrence &
Stanford (1999) is the difference in time of tegtiBennett et al. (2008) had afternoon
testing between 3:00 and 5:00 p.m. while Lawrenc&t&nford (1999) tested from 6:00
to 8:00 p.m. Perhaps ratings of fatigue along wiitritional intake and sleep quality may
have also help to resolve these discrepanciesttari@xplain these discrepancies.
Recently, research has begun examining the moderatithe age-related
declines in memory performance by the time of tgstUsing the Horne and Ostberg
Morningness-Eveningness Questionnaire, older adegisrted that the morning was their
optimal time of day while younger adults prefer ing (May, Hasher, &
Stoltzfus, 1993). May, Hasher, and Stoltzfus (19938@mined age differences in memory
tested at optimal and non-optimal time of day. Presearch on age differences in
memory tested younger and older adults in theradtar, while the optimal time of day
reported for older adults was the morning and tarnger adults was the
afternoon/evening. May, Hasher, and Stoltzfus ptedithat testing participants during
their optimal time of day moderates age differeninngeemory. Younger and older
subjects performed verbatim recognition of sente@te8 or 9 a.m. and 4 or 5 p.m.
Younger adults improved in recognition from morntogafternoon while older adults
declined in recognition performance across timdayf. Also, older adults performed
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significantly worse on recognition than younger l&glin the afternoon. There was no
difference between young and older adults in reitmgnwhen tested in the morning
(May, Hasher, & Stoltzfus, 1993).

Time of day effects have practical importanceeeslly if assessment results
could vary in older adults depending on the timéesting. Martin et al. (2008) examined
episodic memory of older adults across time of olaa variety of neuropsychological
tests used for clinical detection of dementia. Gipnggly normal older adults in an
Alzheimer’s prevention study were given severalrapsychological tests in 1-hr
increments from 8 a.m. to 5 p.m. Delayed recallhenBrief Visuospatial Memory Test-
Revised and delayed recall scores for the Narr&assages of the Rivermead
Behavioural Memory Test showed significant timelay effects; both were high in early
morning, lowest at noon and high in the early afen. Attention, working memory, and
verbal fluency tests did not show significant tiofelay effects (Martin et al., 2008).

Hasher et al. (2002) examined age differencediarelof day effects on
proactive interference. They argued that the inbrigicontrol process of deletion plays
an important role in the build up and release fpoactive interference. In a proactive
interference task, participants are asked to rélmadke short lists of words, with the words
in each list drawn from the same categories. R&dlltypically decline over lists and
the number of intrusions will increase. After réacdlthe third list is complete, a fourth
list is presented that contains words drawn froffedint categories than those on the
previous three lists. Recall will generally increas the final list, demonstrating release
of irrelevant information. Hasher et al. testedryger and older adults in the morning or
afternoon. Subjects were presented four word [Ete. first three lists were created from
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the same categories to create proactive interferértee final word list was created using
a different category to test release from proadtiterference. A TOD effect was
observed for list recall. Results showed older @daihd younger adults recalled a similar
amount in the morning. However, the recall of yoemadults significantly improved in
the afternoon compared to the morning, while recfadilder adults decreased in recall
from the morning to the afternoon a nonsignificamiount. Younger adults recalled more
than older adults in the afternoon. Compared tangeu adults, older adults made more
intrusion errors at both testing times. Analysisgactive release revealed younger
adults remembered more from lists 3 and 4 tharr @delts. Since lists 1-3 were
composed of words from the same categories, woods the previous list interfere with
recall of the most recent word list. When list fevas presented, release was shown when
words from the previous lists were not recalleduNger adults showed reliable release
by better recall in list four than list three, whdlder adults did not show reliable release
(Hasher et al., 2002).

Borella, Ludwig, Dirk, and Ribaupierre (2011) intigated time of testing on age
differences in interference, working memory, preteg speed, and vocabulary. As
previously discussed, interference occurs wheteweat stimuli fails to be inhibited.
Interference was measured using a Color StrooplteatColor Stroop test, participants
are presented with color names written in diffei@iors (e.g., the word “Green” written
in blue ink). When participants are instructeddenitify the ink color, the automatic
reading response is inhibited. Longer responsesti@iect inhibition of the reading
response. The researchers also measured negatnegeffects in the Color Stroop
task. During the priming test, participants wergiincted to inhibit part of the stimulus.
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Then, in the probe trial the previously inhibiteoinsilus becomes relevant. For example,
in the negative priming trial the word “red” woubg inhibited, but in the probe test the
color red would be the response. A longer laterfagsponse during the probe trial
represents the inhibitory mechanism being morevatetd during the priming trial. A
Reading Span test was used as a measurement ahgvatkmory. In the Reading Span
test, participants were presented with a seriesgfences and asked to answer semantic
guestions regarding sentence content while simedtasly remembering the last word of
each sentence. Working memory was quantified ad wemrall, but 85% accuracy on the
content questions was required to ensure sentencegsing occurred. A Letter
Comparison task, in which participants identifiebdether two letter series were identical
or not, was used to measure processing speed. ThidiMVocabulary score was used

to measure vocabulary. The researchers had yoangeslder adults tested 8-11 a.m.
and 2-5 p.m. at their presumed optimal (morningolder adults, afternoon for young
adults) and non-optimal times (afternoon for oldéults, morning for young adults).
Results showed an interaction between age anddirday. There was no difference
between young and older adults on measures ofen¢gice in the morning, but in the
afternoon, older adults had significantly largdgeiference effects than younger adults. In
the Reading Span test, older adults recalled feweeds than younger adults at both
times of day. Older adults had slower processimggpn the Letter Comparison, but
higher Mill Hill vocabulary scores than young agulthere was no effect of time of day
or an interaction between age and time of day ewtbrking memory, processing speed,
and vocabulary tests. Time of day and age intemastwere only found in interference
tasks.
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West et al. (2002) examined whether time of day enaigés age-related declines
in working memory performance. These authors adbateinhibition-based framework
of working memory proposed by Hasher and Zacks8§19revious work has
demonstrated age-related declines in the efficiefigghibitory processes for access
(Connelly et al., 1991), deletion (Ham & Hasher92Pand response inhibition
(West, 1999). One limitation of the above work waet access, deletion and response
inhibition were measured using different tasks. ¥é¢al, (2002) sought to examine the
impact of age and time of day on each of thesetiome of working memory using the
same task. West et al. found that younger adybisrted more subjective alertness in the
evening and older adults in the morning. Subjeciiraisal was compared to
physiological arousal, as measured by body temperat emperature increased
throughout the day equally in younger and oldetigpants regardless of alertness
rating. The temperature results were inconsistetfit pvevious studies that used
increased temperature to indicate arousal (Hor@s&erg, 1976). Using a four-box
task, intrusion and nonintrusion errors were measur younger and older adults at
9 a.m. and 5 p.m. The results indicated that tifrgay influenced the efficiency of the
access, deletion, and response inhibition funationorking memory and this effect was
greater for older adults than younger adults ferdbcess and deletion functions (West et
al., 2002).

Older adults are sensitive to TOD effects in eotpinemory tasks (Martin et al.,
2008). May, Hasher, and Foong (2005) examined venetge differences in implicit and
explicit memory was moderated by testing younger@der adults at peak and off peak
time of day. Previous examinations of the modegagifiect of time of day on age
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differences in cognitive performance have focusathiy on explicit memory. May,
Hasher, and Foong (2005) tested younger and otligtsaat 8-9 a.m. and 5-6 p.m.
Participants were first presented with a list ofevpairs with one of the words marked as
a target. Participants were instructed to ignoeedistracter word and rate the
pleasantness of the target word on a 1 to 7 s&#er. completing a 10-minute filler task,
participants began the stem completion task, wimeblved viewing 48 word stems and
completing each stem with the first word that cammind. Twelve of the stems could
be completed with words from the pleasantnessga#isk, 24 were control stems and 12
filler items. Following the stem completion, thepégit memory portion of the task was
conducted. During this phase, participants werseged with word stems to be used as
retrieval cues for words viewed in the first pdrthe study. Results showed both
younger and older adults performed higher on intpii@mory priming at off-peak time
of day. There was also no interaction between addime of testing for implicit

memory. The results for explicit memory were cotesiswith previous research.
Younger and older adults performed better at thgiimal time of day. In a second study,
May, Hasher, and Foong had young and older acedted at optimal and nonoptimal
time of day using a category generation task. i ttsk, participants were presented
word lists consisting of 36 nouns (12 target wdrds 4 categories). The participants
rated the words on a pleasantness-rating scale, Blsea measure of implicit memory,
they were asked to generate eight “exemplars” efdlr target categories. Results
showed both young and older adults had greatenmgim implicit memory during off-

peak time of testing.
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Smith, Eklund, Ferraro, and Petros (2001) examiimad of day effects on
memory in younger and older adults. Participantaeted prose and word memory
tasks from the Wechsler Memory Scale-Third Editiarticipants were tested at optimal
and nonoptimal time of day (9 a.m. and 3 p.m.)suRke showed a significant two-way
interaction between age and time of day on word argnin word list tasks, younger
adults recalled more than older adults with a laggge difference in the afternoon for
immediate and short-delay recall. There was a fsogmit effect of age on prose memory.
Younger adults recalled more story units than oédkrts. Results for prose memory
indicated age differences were not moderated by thday.

The research reviewed above suggests that vdrlhigy and time of day of
testing may moderate the magnitude of age-relagetings observed in cognitive
performance. The proposed research will also examhi@ impact of time of day and
verbal ability as moderators of age-related deslinenemory performance using a wider
range of cognitive tasks than previous investigeticGecond, we will examine the impact
of nutrition and sleep as moderators of age-relaebteshges in performance.

Nutrition

Poor nutrition has been associated with impairegphitive performance, and
older adults frequently have impaired nutritionaltss (Greenwood, 2003). The proposed
study will examine whether nutritional status alavith time of day has a moderating
effect on age-related changes in memory performance

Research that has examined the impact of nutr@ronognitive performance has
focused on effects of macronutrients and microaats. Macronutrients (fat, protein,
carbohydrates, etc.) are the substances consuntied liargest amount through diet.
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Micronutrients (many vitamins and minerals) areurezg in only trace amounts for
survival. The results of studies on the effect atcnonutrients are often mixed (Dye,
Lluch, & Blundell, 2000). Research has shown tisath@ cognitive demand of a task
increases, the amount of glucose used in the braieases (Dye, Lluch, &

Blundell, 2000). Macronutrient manipulations in yguadults have shown that memory
tests, such as Serial Sevens, Free Word Recallaad Word recall, were the most
sensitive to the manipulation’s effect. When cleldrage 9-11, were given a glucose
drink, they recalled more pictures in a memory thsi a placebo group, but glucose
had no effect on spatial memory (Benton & Stev@088). Administering glucose may
increase memory in older adults as well (Greenw@0603). An increased blood glucose
level is one proposed mechanism for how ingestfanacronutrients can enhance
cognitive performance. Kaplan et al, (2001) examhitinee effect of protein, carbohydrate,
and fat on blood glucose levels and cognitive parémce. After an overnight fast,
participants received a pure form of carbohydratestein or fat, and then completed
paragraph recall (immediate and delayed), worddisall, Trail Making Test, and an
attention task consisting of watching televisiomsegdes and counting the times a specific
word is spoken or doors are opened/closed. Kaplah €001) found that while only the
carbohydrates increased blood glucose levels, mgonent on delayed paragraph recall
was found with all macronutrient groups. Energsespective of source, can improve
cognitive performance (Kaplan et al., 2001). Tirhe@y may also influence the effects
of dietary intake on cognitive performance. Natwietadian rhythms have supported a

“postlunch dip”, in which cognitive performancedg.sustained attention) is decreased
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in early afternoon. Studies examining nutrition éénad difficulty separating the
circadian rhythms from the effect of dietary intgdkg/e, Lluch, & Blundell, 2000).

Micronutrients, such as Vitamin D, Iron and B12 nadgo impact cognitive
function in adults (Miller, 2010). Annweiler et §2010) found that elderly women with
a Vitamin D deficiency had a lower mean score agifféir’'s Short Portable Mental State
Questionnaire and higher odds of being classifsedagnitively impaired than elderly
women without a Vitamin D deficiency. Vitamin D dgéncy has been related to a
higher risk of dementias and cerebrovascular dese@uell et al., 2008). Iron levels
have been associated with global measures of cogpieérformance, but research on its
effect on specific cognitive tasks is often mix@dtéga et al., 1997). Vitamin B12
deficiency in older adults has been correlatedetrehsed memory and cognitive
performance (Goodwin, Goodwin, & Gary, 1983), aralyrbe linked to Alzheimer’s
Disease rates (McCaddon et al., 1998).

The research reviewed above characterized theiparits’ nutritional status
using different techniques. Research examininganigrients used actual vitamin or
nutrient concentrations in the participants’ bloGdtega et al. (1997) utilized a 7-day
weighed-food record to estimate levels of iron.d&esh on macronutrients has been
done primarily using experimental manipulation ohsumption (e.g. participants are
given a glucose drink or placebo and compared measure).

The proposed research will measure each particgauatritional status
(macronutrient and micronutrient levels) by a selfort measure of their typical
nutritional intake. The measure we will utilizetiee Block 2005 Brief Food
Questionnaire. The questionnaire lists specifidfand requires participants to recall
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how frequently the item was consumed in the pasbfths. Using the frequency of
consumption and portion size, multiple macronutraard micronutrient amounts are
yielded.

Self-administered food frequency questionnairel@mparable validity to
interview-administered questionnaires. Jain, Hamel Rohan (1996) had participants
complete an interviewer-administered dietary higtar7-day food record, and a self-
administered food frequency questionnaire. Paditip were divided into two groups.
The first group completed the interview-administenestory first, did a 7-day record of
diet, and after a 1-month interval completed tHea#ministered questionnaire. The
second group did the self-administered questioarfast, completed a 7-day record, and
then after a 1-month interval, completed the ineawadministered dietary history.
Results showed Pearson correlations between tliegioestionnaire and the seven-day
record ranged from .38 to .67 for women and .28 2ofor men. For macronutrients, the
mean Pearson correlations were .55 (men) and .d8én). Micronutrient mean
correlations were .48 (men) and .54 (women). Tkerumewer-administered dietary
history correlated with the 7-day record yieldemifar results with Pearson’s r ranging
from .27 to .71. Results indicate that self-adnterisd questionnaires are approximately
as accurate as interviewer-administered dietatptyisn predicting nutrient intake.

Sleep
Sleep quality and length is another possible mdaded age-related memory
performance. Healthy older adults report worsepstpeality than healthy younger adults
(Buysse et al., 1991). A decline in sleep timelbesn correlated with increased napping
during the day in older adults (Huang et al., 20@jler adults tend to show decreases in
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total sleep, sleep efficiency and rapid eye movdr(REM)/non-REM sleep cycles
(Carrier et al., 1997; Huang et al., 2002). Comgidoeyounger adults, older adults tend
to sleep earlier at night and awaken earlier imtioening (Carrier et al., 1997).
Differences in sleep quality may be accounted fodifferences in sleep patterns. Sleep
EEG studies of older adults have shown differemtateep waves compared to younger
adults (Carrier et al., 2001). Differences in slgeplity may impact age-related deficits
in memory. Harrison & Horne (2000) had younger altr adults complete tasks of
visual temporal memory, verb generation to nouregation, and response inhibition.
Younger adults performed better than older adaitsrall. However, after younger adults
were deprived of sleep for 36 hours, their perforogadecreased to the same level as the
older adults. The aging process of the brain, siscéynaptic degeneration, reduced blood
flow, and changes in neurochemistry, have beereladed to changes in both sleep and
memory function (Cabeza et al., 2002). Decremeansdaep quality may account to some
degree for age-related decline in memory perforrmaNebes et al. (2009) found that
self-reported sleep measures (Pittsburgh Sleept@uadex) can account for some
poorer cognitive performance on the RepeatableeBatbr the Assessment of
Neuropsychological Status (RBANS) even after deppoessymptoms were controlled. In
this study, older adults completed the Pittsburigle|® Quality Index, Geriatric
Depression Scale, and the RBANS. Sleep latency (toviall asleep) was negatively
correlated with total RBANS score, and sleep efficly was positively correlated with
total RBANS score. However, time of testing was prasented, which may have
confounding effects, since research suggests alttyounger adults’ cognitive function
is sensitive time of testing.
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Previous research has shown age differences in nyaam® influenced by time of
day effects. The present study will test partictpaat 9 A.M. and 3 P.M., which remains
consistent with previous research that has fougwifstant time of day effects at these
times. Smith et al. (2001) did not find an inteiactbetween time of day and age in
younger and older adults in a prose memory task. iassible reason for a
nonsignificant interaction between age and timdayfin Smith et al.’s study is the
length of prose passages used. The present stlidytilide two levels of passages
(narrative and expository), each 200-220 words7aB2 grade reading level. More
difficult and longer passages should be more deasi time of day effects in younger
and older adults. Another aim of the present stadg examine time of day effects on
the Repeatable Battery for the Assessment of Neyoblogical Status (RBANS). The
RBANS is a recently developed neuropsychologicasuee often used in clinical
settings to measure cognitive decline in older petpans (Randolf, 1998). One study
examined RBANS scores between cognitively norm@édioadults, and those diagnosed
with Parkinson’s disease (PD), Alzheimer’s Dise@de), and Mild Cognitive
Impairment (MCI) (Morgan et al., 2010). Results\sid that the normal group and AD
group had significantly different scores than Pl MCI. The normal group had
significantly higher RBANS scores than the remagngnoups while the AD group had
significantly lower scores than remaining groupS.dhd MCI groups were not
significantly different from one another (Morganatt 2010). These results suggest the
RBANS is sensitive to cognitive impairments. Sigraht time of day effects in older
adults could reveal important clinical implicatio$e final aim of the present study is
to examine nutritional intake and sleep qualityrexierators for time of day effects on
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cognitive performance differences in younger artéobdults. Previous research has
shown cognitive performance can be influenced byromutrients and macronutrient
intake. The present study will use a self-reporasoee of average nutritional intake over
the past 6 months. Prior research has shown peep sjuality is related to poorer
cognitive performance, and that older adults tenldatve decrements in sleep quality.
Previous research has also shown the RBANS istsent cognitive decrements in
older adults with poorer self-reported sleep qualit the Pittsburgh Sleep Quality Index.
The present study will utilize both the Pittsbujeep Quality Index and RBANS to
examine sleep’s moderating effects on time of dégrénces on cognitive tasks in

younger and older adults.
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CHAPTER 11
METHOD
Participants

Forty-eight young adults, ages 18-36 £ 20.7) were recruited from
undergraduate courses at the University of NortkdDa Twenty-five older adults, ages
60-84 M = 71.4) were recruited from the community via neaer advertisements,
postings at local businesses, or letters to Unityeo$ North Dakota alumni. Nineteen
participants were male and 54 were female. Paantg race/ethnicities were as follows:
95.8% White; 2.8 % Hispanic, and 1.4% Native AmamicNo other races or ethnicities
were represented.

Community participants received monetary compeasaif $20. Young adults
received course credit for participation. Younged alder participants were randomly
assigned for testing in the morning (8 or 9 A.M-.}lee evening (3 or 4 P.M.).
Participants with prior stroke, head injury, ortbry of dementia were excluded.
Participants currently taking or have taken psyapt medication in the past six
months were be excluded.

Materials

The Pittsburgh Sleep Quality Index (PSQI) (Buysdeynolds, Monk, Berman, &

Kupfer, 1989) contains 19 self-report questionseaino measure multiple aspects of

sleep quality over the past month. The PSQI proslus®ven component scores, each
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component weighted on a scale of 0-3. The glob&)IR8ore (ranging from 0-21) is
comprised of the seven component scores. High&abPSQI scores represent worse
overall sleep quality. The seven components medsareecommon sleep complaints
assessed in clinical interviews. These componentslaep latency, sleep duration,
habitual sleep efficiency, sleep quality, use eepl medications, sleep disturbances, and
daytime dysfunction. The PSQI has been found teridmsnate between healthy middle-
aged adults, depressed patients, and sleep-digmatients (Buysse et al., 1991). The
Vocabulary Subtest of the Wechsler Adult IntelligerScale-1V (WAIS-1V) measures
verbal ability by requiring individuals to defing@ tio 30 words of increasing difficulty.
Higher scores represent higher verbal ability. Vbeabulary subtest is widely accepted
in research as a measurement of verbal ability ithwhally, the Vocabulary subtest
correlates highly with the Verbal Comprehensiorebndnd Full Scale 1Q

The Horne & Ostberg Morningness/Eveningness quasdioe (Horne & Ostberg,
1976) contains 19 self-report items measuring bhabiising and bed times, time
preference for physical and mental performance aentiness before going to bed and
after rising. The scale produces an overall mom#sg-eveningness score, ranging from
16-86. A higher score indicates a greater preferéoicthe morning while lower scores
indicate a greater preference for the evening.

Physiological measurements that will be taken leyetkperimenter include:
systolic and diastolic blood pressure, heart iaté, temperature (ear).

Prose memory was measured using two narrativeveméxpository texts rated at
a 7"-8" grade reading level. Each story consisted of 28@sgords and was auditorily
recorded
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Each passage has previously been divided intoud#s and each idea unit was
rated for its importance to the main theme of thesage (Petros et al., 1989). In previous
research, participants were given a written copy pfose passage and asked to cross out
one-third of the story ideas that could be remowkde losing the least amount of
information relevant to the story's main idea (Uomportance level). Participants then
crossed out the next third of story ideas that Wdode the least amount of information
relevant to the story's main idea (Medium Impor&bevel). The remaining third were
considered the story's main ideas (High Importdresel). The number of story ideas
ranged from 24 (Snails) to 34 (Dragon), with appmaately one-third High Importance
(main ideas), one-third Medium Importance, and tiiel Low Importance (details)
ideas in each story.

The Repeatable Battery for the Assessment of Neyoblogical Status
(RBANS) (Randolf, 1998) is a neuropsychologicakstiing battery to identify cognitive
decline. The RBANS consists of 12 subtests thatr@® 5 indices: Immediate Memory,
Visuospatial/Constructional, Language, Attentiamd ®elayed Memory. Index scores
are combined to yield a Total Scale Score.

1) Immediate Memory consists of two subtests: Listrheéeg and Story

Memory. In List Learning, individuals are verbafiyesented with 10-item
word lists over 4 trials. Immediately after hearthg list immediate recall is
obtained. In Story Memory, a short story containl2gpredetermined
segments or ideas are verbally presented. Thecipanit must recall verbatim

the story over two trials.
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2)

3)

4)

5)

Visuospatial/Constructional consists of two sulsteSigure Copy and Line
Orientation. In Figure Copy, participants copy apl®t geometric figure with
no time limit. In Line Orientation, participants toh two target lines to its
corresponding orientation on a 13-line array spagidi80 degrees.
Language contains two subtests: Picture NamingSamdantic Fluency. In
Picture Naming, participants name 10 line drawifRgsticipants are given
semantic cues if an image is perceived incorretitlfsemantic Fluency,
participants are given 60 seconds to name as nbamg iwithin a semantic
category.

The Attention Index consists of two subtests: D&pan and Coding. In Digit
Span, participants are verbally presented twogdrof digits, increasing in
length each item (starting at 2 digits, rangin@}oand asked to recall the
digits in order of presentation. The second stisngresented if the first string
is failed. Coding requires the participant to qlyakatch numbers to symbols
in 90 seconds.

Delayed Memory contains four subtests: List Redadt Recognition, Story
Recall, and Figure Recall. List Recall requiresphdicipant to free recall the
word lists from the previous List Learning subtésst Recognition is a
yes/no recognition task containing items from tie Learning task. Story
Recall requires the participant to free recallistofrom the previous Story
Memory task. Figure Recall requires the particigarftee recall the figure

drawn earlier in the Figure Copy task with no tilnait.
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The Geriatric Depression Scale-Short Form (GDS€8Rjains 15 yes/no items
measuring depression in older populations. Itemmadmn psychological aspects of
depression, excluding items confounded by age &®hses, such as many physiological
symptoms of depression (change in sleep, psychamaterdation). Research has
supported the use of the GDS with younger adubksréifo & Chelminski, 1996).

The Block 2005 Brief Food Questionnaire was useakBess nutritional intake.
The questionnaire requires participants to reaaN frequently specific foods were
consumed in the past 6 months and the averagefsize portion. Each food item on the
FFQ elicits two scores: frequency of consumptioth partion size. From this
information, nutritional intake estimates of mulépnacronutrients (including
carbohydrates, protein and fats) and micronutri@ntduding Vitamin D, iron, and
Vitamin B12) are given. Food frequency questiorggiin general, have good
correlations with more extensive food histories areluseful for research purposes due
to their accurate estimates, yet brief assessriémti, 1982).

Procedure

Older adult participants were mailed the questioesgFood Frequency
Questionnaire, PSQI, Morningness-Eveningness Qarestire) and the informed consent
prior to their testing date. Complete instructiémseach questionnaire were included.
Younger adults completed all questionnaires aftlEarmed consent was obtained. All
participants were tested independently. After catpd informed consent, the
participants’ demographic information was obtairfedrticipants were given the WAIS-

IV Vocabulary subtest, during which the examinerggnted words verbally and visually
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for the participant to define. After completing tW&AIS-1V Vocabulary subtest,
physiological measures (blood pressure, pulse emgérature) were taken.

Participants were administered the RBANS. Aftenarsbreak, participants were
administered a test of prose memory. Audio recgslof prose stories were presented (1
practice, 4 experimental), and the participantsevessked to immediately recall each

story after its presentation.
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CHAPTER 111
RESULTS
Demographics

A series of 2 (Age) x 2 (Time of Day) Analysesuariance (ANOVA) were used
to analyze participant demographic variables. Gmoeans and standard deviations are
presented in Table 1.

A significant main effect for Age was fourid,(1, 67) = 1515.2p < .001. The
main effect for Age indicated that participantghie young adult grougM = 20.68) were
significantly younger than the older adult groud.%£ 71.38).

Significant main effects for Age (1, 67) = 52.52p < .001, and Time of Day
F (1,67) = 7.07p = .01,were found for the Horne and Ostberg. Thmratect of Age
indicates that the Horne and Ostberg scores of aldielts V1 = 61.94) were significantly
higher than young adultd/(= 48.385), indicating that older adults prefer mog
activities more than young adults. The main eftéciime of Day indicates that the
Horne and Ostberg score of participants testedamtorning 1 = 57.68) was
significantly higher than participants' who werstéal in the afternooiM = 52.68),
indicating that participants tested in the morrpngferred morning activities more than
participants tested in the afternoon. A significameractionF (1, 67) = 6.43p < .05
between Age and Time of Day for the Horne and Qgtlaas found. The interaction

indicates that older adults tested in the mornoaged significantly higher than older
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Table 1. Means and Standard Deviations of Parttigdaracteristics.

AM PM

Young Oold Young Old
Age 21.850 71.857 19.500 70.909

(1.170) (1.398) (0.989) (1.577)
Horne & 48.500 66.857 48.269 57.091
Ostberg (1.679) (2.007) (1.472) (2.264)
GDS 1.250 0.308 1.964 0.818

(0.451) (0.560) (0.382) (0.609)
Education 13.950 15.643 12.964 15.300

(0.361) (0.431) (0.305) (0.511)
Vocabulary 36.550 40.714 33.286 45.364

(1.656) (1.979) (1.400) (2.233)
Health Rating 4.000 3.929 4.107 4.000

(0.148) (0.176) (0.125) (0.209)

adults tested in the afternoon while young adutdsndt significantly differ in their
Horne and Ostberg scores from the morning andrefter.

A significant main effect of Age for participanibod was foundr (1, 66) =
4.221,p < .05, indicating that young adult®l = 1.61) scored significantly higher than
older adults ¥ = 0.56) on the Geriatric Depression Scale- Shortr-

A significant main effect of Age was found for \&mulary,F (1, 69) = 19.39,

p < .001, indicating that older adultsl = 43.04) had higher vocabulary scores than
young adultsNl = 34.92). A significant interaction between Ageldnme of Day was
found for Vocabulary scor€ (1,69) = 4.60p < .05). The interaction for Vocabulary

indicates that vocabulary scores for young adektetd in the morning were significantly
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higher M = 36.55) compared to young adults tested in ttegradon W1 = 33.29) while
older adults tested in the morning had significaldiver ' vocabulary scores (M =
40.71) compared to those tested in the afternbba 45.36).

A significant main effect of Age for participanEducation level was found
F (1, 69) = 24.22, p <.001, indicating that the @ational level of young adults (M =
13.46) was significantly lower than older adults f#\M.5.47).

No significant main effects or interactions weoerid in the analysis of the
participants' Health Rating.

Pittsburgh Sleep Quality Index

A series of 2 (Age) x 2 (Time of Day) Analysesu#riance (ANOVA) were used
to analyze the Pittsburgh Sleep Quality Index ssd&oup means and standard
deviations are presented in Table 2.

No significant main effects or interactions wevarid for participant's Global
Pittsburgh Sleep Quality Index scores.

A significant main effect of Age for ComponentSubjective Sleep Quality was
found,F (1, 72) = 7.58, p < .05, indicating that young lesl(M = 1.01) reported worse
sleep quality than older adults (M = 0.63). No othignificant main effects or interaction
were found for Subjective Sleep Quality.

No significant main effects or interactions wevarid for Sleep Latency, Sleep
Duration, Habitual Sleep Efficiency, Sleep Disturba, Use of Sleep Medications, and

Daytime Dysfunction.
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Table 2. Means and Standard Deviations of Parttipatsburgh Sleep Quality Index.

AM PM

Young Old Young Oold
PSQI Global 4.90 4.92 5.93 4.73

(0.61) (0.75) (0.51) (0.82)
Subjective Sleep 0.95 0.54 1.07 1.15
Quality (0.122) (0.15) (0.10) (0.16)
Sleep Latency 1.15 0.62 1.32 1.00

(0.20) (0.24) (0.127) (0.26)
Sleep Duration 0.40 0.69 0.68 0.25

(0.18 (0.23) (0.16) (0.25)
Habitual Sleep 0.25 0.39 0.32 0.09
Efficiency (0.12) (0.15) (0.10) (0.16)
Sleep Disturbances 1.05 1.46 1.11 1.18

(0.12) (0.14) (0.09) (0.15)
Use of Sleep 0.20 0.31 0.46 0.64
Medicaton (0.20) (0.25) (0.17) (0.23)
Daytime 0.90 0.92 0.96 0.82
Dysfunction (0.17) (0.21) (0.14) (0.23)

Physiological Measures
A series of 2 (Age) x 2 (Time of Day) ANOVAs waneed to analyze the
physiological variables. Group means and standevéhtions are presented in Table 3.
A significant main effect of Age was found for RigSystolic Blood Pressure,
F (1, 67) = 14.50p < .001, indicating that participants in the yowault group

(M = 122.26) had significantly lower Right SystolitoBd Pressure than the older adult

32



Table 3. Means and Standard Deviations of Partntipaysiological Measures.

AM PM

Young Oold Young Old
BP Systolic 120.050 147.286 124.464 135.545
Right (4.519) (5.401) (3.819) (6.093)
BP Diastolic 70.750 76.857 72.000 75.182
Right (2.141) (2.559) (1.809) (2.887)
BP Systolic 120.200 144.786 119.571 135.909
Right (3.520) (4.207) (2.975) (4.746)
BP Diastolic Left 72.750 75.143 72.750 76.727

(2.054) (2.456) (2.736) (2.770)
BP Systolic 120.125 146.036 122.018 135.727

(3.536) (4.226) (2.988) (4.768)
Bp Diastolic 71.750 76.000 72.375 75.955

(1.965) (2.348) (1.661) (2.649)
Temperature 97.925 97.571 98.050 98.155

(0.161) (0.192) (0.136) (0.217)
Heart Rate 70.400 65.462 72.815 74.300

(2.273) (2.820) (2.957) (3.215)

group M = 141.42). A significant main effect of Age forfL&ystolic Blood Pressure
was foundF (1, 67) = 27.25p < .001. The main effect for Left Systolic BloodeBsure
indicates that participants in the young adult grév =119.87) had significantly lower
Left Systolic Blood Pressure than the older adwdug. (M = 140.35). A significant main
effect of Age for Mean of Right and Left SystolitoBd Pressure was found,(1, 67) =

25.31,p < .001. The main effect of age for Mean Systolicd8l Pressure indicates that
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participants in the young adult groud €121.07) had significantly lower Systolic Blood
Pressure than the older adult groyg.< 140.88).

No significant main effects or interaction werearal for participants' Left
Diastolic Blood Pressure, Right Diastolic Blood $&@re, or Average Diastolic Blood
Pressure.

No significant main effects or an interaction weryend for Temperature. A
marginal main effect for Time of Day on Temperaté (1,69) = 3.90p = .052 was
found, indicating that participants tested in thermmg (M = 97.75) had lower
temperatures than participants tested in the afteriM = 98.13).

A significant main effect of Time of Day for headte was found; (1, 66) =
4.64,p < .05. The main effect for heart rate indicated ffarticipants in the morning
(M = 67.93) had a significantly slower heart rate tharticipants in the afternoon
(M = 73.56).

Nutritional Intake

A series of 2 (Age) x 2 (Time of Day) ANOVAs warsed to analyze participant
daily macronutrient intake. Group means and stahdaviations for macronutrient
intake are presented in Table 4. No significantmediects or interactions were found for
participants' self-reported Protein, Carbohydrate] Total Fat intake.

A series of 2 (Age) x 2 (Time of Day) ANOVAs warsed to analyze participant
daily micronutrient intake. Group means and stashd&viations for micronutrient intake
are presented in Table 5. A significant interactetween Age and Time of Day was
revealed for Vitamin D consumptioR,(1,69) = 4.32p < .05. The interaction for
Vitamin D indicates that young adults tested inr@ning consumed less Vitamin D
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Table 4. Means and Standard Deviations for Pagntg Daily Macronutrient Nutritional
Intake.

AM PM
Young Oold Young Old
Protein (g) 60.649 57.707 66.904 57.161
(6.637) (7.933) (5.610) (8.950)
Fat (g) 57.955 47.881 60.934 67.722
(6.882) (8.226) (5.817) (9.280)
Carbohydrates (g) 156.398 159.310 173.088 156.295
(16.521) (19.747) (13.963) (22.277)

(M = 148.7) than young adults tested in the afterndbs 188.1) while older adults
tested in the morning consumed more VitaminvD=200.7) than older adults tested in
the afternoonNl = 95.69).

No significant main effects or interactions weoarid for Calcium, Iron, Zinc,
Vitamin B6, Vitamin B12, and Magnesium.

A series of 2 (Age) x 2 (Time of Day) ANOVAs waineed to analyze additional
data of participant nutritional intake. Group meand standard deviations for additional
nutritional intake data are presented in Table 6.

A significant main effect for Time of Day for pemt of calories from alcohdf,
(1, 69) = 10.40p < .05), indicates that participants tested inrtfuening (M =5.94) had a
significantly higher percentage of calories froroadlol than participants tested in the

afternoon 1 = 2.17).
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Table 5. Means and Standard Deviations for Padntg Daily Micronutrient Nutritional

Intake.

PM
Young Oold Young Old
Calcium (mg) 822.389 855.822 909.127 613.235
(99.628) (119.078) (84.201) (134.338)
Iron (mQ) 10.264 10.412 12.576 8.970
(1.133) (1.354) (0.957) (1.527)
Cholesterol 189.994 148.296 214.882 173.548
(26.998) (32.268) (22.817) (36.404)
Zinc (mg) 8.096 8.263 8.688 7.867
(0.883) (1.055) (0.746) (2.191)
Vitamin B6 (mg) 1.387 1.566 1.668 1.566
(0.154) (0.185) (0.130) (0.208)
Magnesium (mg) 233.059 238.174 235.846 206.685
(23.056) (27.557) (19.486) (31.089)
Vitamin D (IU) 148.709 200.652 188.081 95.686
(31.191) (37.281) (26.362) (42.059)
Vitamin B12 (ug) 3.605 3.909 4.132 2.982
(0.470) (0.562) (0.397) (0.634)

No significant main effects or interactions wevarid for Caloric intake,

Cholesterol, and Caffeine.
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Table 6. Means and Standard Deviations for Addaidfutritional Data.

AM PM

Young Old Young Oold

Calories 1437.986 1308.754 1503.811 1447.945
(146.300) (174.861) (123.646) (197.270)

Caffeine (mg) 6.988 2.571 9.577 19.522

(4.811) (5.751) (4.066) (6.487)
Percent Calories 7.012 4873 2.272 2.057
From Alcohol (1.052) (1.257) (0.889) (1.418)
Percent Calories 6.696 9.049 6.751 13.315
From Sweets (1.393) (1.665) (2.178) (1.879)

Repeatable Battery for the Assessment of

Neuropsychological Status

A series of 2 (Age) x 2 (Time of Day) ANOVAs warsed to analyze participant

RBANS subtest scores. Group means and standardtided are presented in Table 7.

A two between (Age, Time of Day) and 1 within @.immixed ANOVA was used

to analyze RBANS Immediate List Recall. A signifitanain effect of Age was found

for RBANS Immediate List Recalft (1, 69) = 37.57, p <.001. The main effect of Age

indicates that young adults(= 7.66) recalled on average more words for eatheof

four trials than older adult$/ = 6.26). A significant main effect for List wasufied, F (3,

207)=142.61p < .001, indicating that significantly more wordsreveecalled in Trial 4

(M = 8.18) than Trial 3M = 7.94), Trial 3 than Trial 24 = 6.78), and Trial 2 than Trial

1 (M =4.94). No other significant main effects or naigions were found for RBANS

Immediate List Recall.
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Table 7. Means and Standard Deviations of Repeaiditery for Assessment
Neuropsychological Status.

AM PM
Young Old Young Old
List Recall 5.95 4.29 5.18 4.36
Immediate Trial 1~ (0.24) (0.29) (0.20) (0.32)
List Recall 7.70 6.36 7.36 5.73
Immediate Trial 2 (0.30) (0.36) (0.26) (0.41)
List Recall 8.65 7.57 8.36 7.18
Immediate Trial 3 (0.31) (0.37) (0.26) (0.42)
List Recall 9.05 7.50 9.07 7.09
Immediate Trial 4  (0.27) (0.32) (0.23) (0.37)
List Recall 31.45 25.71 30.11 24.36
Immediate Total (0.84) (2.00) (0.72) (1.13)
List Recall Delay  10.20 8.64 9.89 8.73
(0.49) (0.58) (0.41) (0.66)
List Recognition 19.45 19.37 19.82 18.46
(0.26) (0.31) (0.22) (0.35)
Story Immediate 8.35 7.64 7.00 6.64
Trial 1 (0.56) (0.67) (0.47) (0.76)
Story Immediate 11.00 10.57 10.64 9.82
Trial 2 (0.34) (0.41) (0.29) (0.46)
Story Immediate 19.35 18.21 17.64 16.46
(0.84) (1.00) (0.71) (1.13)
Story Delay 10.20 8.64 9.89 8.73
(0.49) (0.58) (0.41) (0.66)
Figure Copy 16.75 18.71 18.75 17.82
(0.43) (0.52) (0.37) (0.58)
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Table 7 (cont.)

AM PM
Young Oold Young Old
Figure Recall 12.80 12.64 17.07 12.46
Delay (0.71) (0.84) (0.60) (0.95)
Line Orientation 17.10 17.36 17.11 17.55
(0.53) (0.63) (0.45) (0.71)
Semantic Fluenc 19.8¢ 20.57 21.6¢ 23.91]
(1.15) (0.98) (1.38) (1.56)
Picture Naming 9.65 9.86 9.54 9.55
(0.14) (0.16) (0.12) (0.19)
Digit Span 11.70 10.93 11.46 10.93
(0.57) (0.68) (0.48) (0.77)
Coding 58.20 42.21 59.75 47.73
(.92 (2.30) (1.62) (2.59)

A significant main effect of Age was found for RBI& Delayed List RecalF (1,
69) = 22.67p < .001, indicating that young adultd & 7.84) recalled more words after
an approximately 5-10 minute delay than older adidt= 5.38). Difference scores for
RBANS List Recall (Immediate (Trial 4) - Delayedgre analyzed using a 2 (Age) x 2
(Time of Day) ANOVA. No significant main effects orteractions were found. When

the proportion of recall ([Immediate (Trial 4) - Bged]/ Immediate) were analyzed, a

significant main effect for Age was founfd(1,69) = 5.135p = 0.027, indicating that

older adults¢1 = 0.27) recalled a significantly smaller proport@inwords from their

immediate recall than young adultd € 0.14). No other significant main effects or

interactions were found.
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A significant main effect of Age was found for RBI& List Recognition,
F (1, 69) = 6.514, p <.05. The main effect of Agdicates that young adultsl(= 19.64)
correctly identified more words than older aduls< 18.91). A significant interaction
between Age and Time of Day was observed for RBAMSRecognitionF (1, 69) =
4.96,p < .05. The interaction between Age and Time of Dalcates that young adults'
recognition was approximately the same in the nmgyifVl = 19.45) as older adults in the
morning M = 19.36), and younger adults recognized signiflganore words in the
afternoon i = 19.82) than older adults in the afternobh=< 18.46).

A two between (Age, Time of Day) and 1 within (§tdrial) mixed ANOVA
was used to analyze RBANS Immediate Story Recatlighificant main effect for Story
Trial was foundF (1,69) = 193.16p < .001, indicating that more story elements were
recalled in the Trial 2M = 10.51) than Trial 1M = 7.41). No other significant main
effects or interactions were found for RBANS ImnadiStory Recall.

A significant main effect of Age was found for RBI& Delayed Story Recall,
F (1, 69) = 6.263p < .05, indicating that young adultgl & 10.05) recalled more of the
short story than older adultsi(= 8.69) after 5-10 minute delay. A 2 (Age) x 2rGE of
Day) ANOVA was used to analyze difference scoreStofy Recall (Immediate Story
Recall (Trial 2) - Delayed Story Recall). No sigogint main effects or interaction were
found. The proportion of the story lost during teday ([Immediate Story Recall (Trial
2) - Delayed] / Immediate) was also analyzed. Njmificant main effects or interactions
were found for proportion of story not recalledeafthe delay.

A significant interaction between Age and TimeDafy was revealed for RBANS
Figure CopyF (1, 69) = 9.06p < .05. This interaction indicates that young asldigure
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copy scores were significantly lower in the morn{ig= 16.750) compared to the
afternoon i1 = 18.75) and older adults scored higher the mgr(ivh= 18.714)
compared to the afternooll (= 17.82). Older adults' figure copy scores were
significantly higher than younger adults in the mog, and younger and older adults did
not significantly differ in the afternoon.

Significant main effects for Agé&, (1, 69) = 9.255p < .05, and Time of Day,
F (1, 69) = 6.770p < .05, were found for RBANS Figure Recall. The meffect of Age
suggests that young adultd € 14.94) recalled more figure details in the ccirfecation
than older adultd = 12.55). The main effect of Time of Day indicatieat participants
in the morning Iyl = 12.72) recalled less than participants in thherabon M = 14.76). A
significant interaction between Age and Time of D&s found for RBANS Figure
Recall. The interaction for Figure Recall indicatiest recall of young adults recall in the
morning M = 12.800) was not significantly different from efdadults in the morning
(M =12.643), but younger adults in the afternoin<17.071) recalled significantly
more than older adults in the afternodh£ 12.455). Analysis of difference scores
(Figure Copy - Figure Recall) revealed a significaiain effects of Agel (1, 69) =
17.95,p <.001, and Time of Da¥;, (1, 69) = 4.725p < .05. The main effect of Age
indicates that young adults had a significantly kendifference between Figure Copy
and Figure RecallM = 2.81) than older adultd/(= 5.72). The main effect of Time of
Day indicates that participants in the morning hagnificantly larger difference
between Figure Copy and Figure Reclll£ 5.01) than participants in the afternoon

(M = 3.52). No other significant main effects or iaigtfons were found.

41



A significant main effect of Time of Day for RBANSemantic fluency was
found,F (1, 69) = 3.985p = .05. The main effect of Time of Day indicateatth
participants in the mornindg = 20.21) produced fewer words than participanthien
afternoon i1 = 22.78).

A significant main effect of Age was found for RBIS CodingF (1, 69) =
42.84,p < .001. The main effect of Age indicates that ypadults 1 = 58.98)
completed more coded numbers than older adMits 44.97). No other main effects or
interactions were revealed for RBANS Coding.

No significant main effects or interactions wevarid for RBANS Line
Orientation, Picture Naming, and Digit Span.

Prose Recall

Prose passage recall was audio recorded for eathipant and transcribed after
testing was complete. Researchers scored storyg feaent in each participant's recall
blinded to story idea importance level. Eleven petof the stories were independently
scored and inter-rater reliability was calculateder-rater reliability was 0.85, indicating
that the stories were adequately scored in a densismanner. After all participants recall
of each story was scored for each story, numbeligti, Medium, and Low Importance
Level story ideas were identified. Recall propariavere calculated for each story at
each importance level by dividing story ideas riecaby the total number of story ideas
in the relevant importance level (e.qg., If a paptnit recalled six High Importance Level
ideas from the Carver passage, the participardjsgotion of High Importance Level
recall for Carver would be 6/11 = 0.545). Recatigmrtions for Narrative Passages
(Carver and Dragon) were averaged for each paatitiat each story importance level
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yielding three new scores: Proportion of Narratirgh Importance Recall, Proportion of
Narrative Medium Importance Recall, and ProporbbiNarrative Low Importance
Recall. Recall proportions for Expository Passd@esakeets and Snails) were averaged
for each participant at each story importance Igiadtling three new scores: Expository
High Importance Recall, Expository Medium ImportariRecall, and Expository Low
Importance Recall.

A mixed design ANOVA with Story Type (Narrativexjgository) and
Importance Level (High, Medium, Low) as within-sebis factors and Age (Young,
Older) and Time of Day (Morning, Afternoon) as beem-subjects factors was used to
analyze prose recall. Group means and standardtams are presented in Table 8.

A significant main effect of Story Type was foud(1, 64) = 105.0p < .001,
indicating that participants recalled a higher prtion of story elements from narrative
passaged\ = 0.52) than expositoryM = 0.45). A significant main effect of Importance
Level was foundF (2, 128) = 192.1p < .001, indicating that the highest proportion
recalled were the high importance levd £ 0.58), which was significantly higher than
the medium importance level recadll & 0.48), and both were significantly higher than
the recall of the lowest importance leviel € 0.30). An interaction between Story Type
and Importance LeveF, (2, 128) = 84.65 < .001 was found. Tukey post hoc analysis
of the interaction between Story Type and Importanevel indicates that in the
expository passages proportion of recall mediunoirtgnce level recallM = 0.47) was
significantly higher than high importance levelak¢M = 0.42), and both were
significantly higher than low importance recal € 0.26). For the narrative passages, the
high importance level recalM = 0.74) was significantly higher than the medium
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Table 8. Means and Standard Deviations of Paritg)&@roportion of Story Recall.

Narrative Expository
High Medium Low High Medium Low
AM
Young 0.75 0.53 0.41 0.41 0.52 0.29
(0.033) (0.037) (0.034) (0.029) (0.043) (0.031)
Old 0.71 0.45 0.32 0.44 0.49 .25
(0.038) (0.043) (0.040) (0.034) (0.050) (0.037)
PM
Young 0.77 0.48 0.37 0.44 0.48 0.28

(0.029)  (0.033)  (0.031)  (0.026)  (0.038)  (0.028)

old 0.74 0.47 0.29 0.37 0.39 0.22
(0.043)  (0.049)  (0.045)  (0.038)  (0.056) (0.041)

importance level recalM = 0.48), and both were significantly higher thaa tow
importance level recalM = 0.35). No other significant main effects or naigtions were
observed.

The prose recall data were examined for outlisisguBox Plots calculated
separately for young and older adults for recailss at the Narrative High Importance,
Medium Importance, and Low Importance and Expogitdigh Importance, Medium
Importance, and Low Importance level. Participavit®se recall performance was
beyond the third quartile or below the first quarfor each group (Young, Old) were
considered outliers and removed from further aresy$wo older and two younger
participants were identified as outliers.

A mixed design ANOVA with Story Type (Narrativexjgository) and

Importance Level (High, Medium, Low) as within-sebjs factors and Age (Young,
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Older) and Time of Day (Morning, Afternoon) as beém-subjects factors was used to
analyze prose recall after removal of outliers.

No changes in significance were found for maie&# of the between-subjects
variables (Age, Time of Day). No changes in sigaifice were found for main effects of
within-subjects variables (Story Type, Importaneyél).

After removal of outliers a significant interagtibetween Age, Story Type, and
Time of DayF (1, 60) = 4.97p < .05 was found. Tukey post hoc analysis, preseinte
Table 9, of the interaction reveals that young tsdn@called a significant amount more of
the expository passages in the afternddn=(0.398) than older adults in the afternoon
(M =0.339). Young adults did not recall significarntiypre of the expository passages in
the morning M = 0.404) than older adults in the mornimg € 0.382). Young adults
recalled significantly more of the narrative pagsam the morningM = 0.573) than
older adults in the morning/ = 0.484). Young adults did not recall significgnthore of
the narrative passages in the afternddr=(0.537) than older adults in the afternoon
(M =0.531). No other changes in interactions weradoafter outliers were removed.

Table 9. Post Hoc Age x Time of Day x Story Typtetaction Analysis.

Expository Narrative
AM PM AM PM
Young 404 .398 573 537
Older .382 .339 484 531
Difference .022 .059* .089* .006

* represents statistically significant differenpes .05
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CHAPTER IV
DISCUSSION

Previous work has suggested that cognitive perdoe of older and younger
adults was best when they were tested at theimaptime of day (May et al., 1993;
Hasher et al., 2002; Borella, Ludwig, Dirk, & Rilpaerre, 2011). This synchrony effect
has been found for some cognitive tasks (sentexgmgnition, prose recall, Wisconsin
Card Sorting Task, list recall, interference task#) has not been found using other tasks
(Continuous Performance Test, digit span, workirgary tasks, processing speed).
The present study examined synchrony effects aerossiety of cognitive tasks.
Overall, a synchrony effect was not observed fosprrecall tests but was observed for
RBANS subtests.

Synchrony effects were evident by the observatainsteractions between Age
and Time of Day for RBANS List Recognition, FiguCepy, and Figure Recall. On
Figure Recall, young adults performed better inatternoon than the morning, while
older adults remained consistent in their perforoeaacross time of day. A similar
pattern of performance was found for List Recognitiolder adults recognized more
words in the morning than in the afternoon whileiyg adults performance remained
stable across time of day. The Age and Time of iDtgraction for Figure Copy supports
a synchrony effect; young adults performed bett¢he afternoon than the morning in

Figure Copy, while older adults performed bettethi@ morning than the afternoon.
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Copying a complex figure, as found in RBANS, regsimultiple cognitive domains,
including visuospatial processing and executivefiom. A time of day effect has been
supported for executive function tasks in previmsearch (Bennett et al., 2008).
However, the present study's synchrony patterredbpmance for Figure Copy also
could have been produced by motivational/effortedénces in young adults across time
of day causing a significant interaction. Althougykignificant interaction on prose recall
between Story Type, Age and Time of Day was obske interaction did not support
a synchrony effect because peak performance fangyand older adults did not occur
consistently with their coinciding optimal time sy .

Previous research suggests that time of day mtmded#ferences between young
and older adults in some areas working memory (Boet al., 2011; West et al., 2002;
Hasher et al., 2002). Tasks in the present studiyali include measures of areas of
working memory such as inhibition and deletionwimich previous studies have found
moderating effects for time of day. However, mahthe tasks were heavily dependent
upon the efficiency of working memory operationkeTpresent study did find a possible
synchrony effect for RBANS List Recognition, buttfior prose recall, which is
consistent with previous research that demonstratederating effects for time of day on
word list memory, but not prose recall (Smith, ElduFerraro, & Petros, 2001).

The present study also aimed to identify any matiley effects of sleep on age
differences in cognitive performance. Self-repoigéxbal sleep quality was not
significantly different between young and older léslitHowever, young adults reported
significantly worse subjective sleep quality (Coment 1) within the Pittsburgh Sleep
Quiality Index. Previous research has indicateddltsr adults have lower sleep quality
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than young adults. However, poorer sleep qualitylder adults compared to young
adults was not supported in the present study wssgjf-report measure. In previous
research, longer sleep latency and poorer sleepesity were related to lower RBANS
scores in older adults (Nebes et al., 2009). Howearevious studies have not examined
differences in young and older adults in sleepigguahd RBANS. A lack of age
differences in self-reported sleep quality failstpport sleep as significant moderating
effect of age-related cognitive difference.

Another purpose of the present study was to exampassible moderating effects
of nutritional intake on age-related cognitive diffnces. The results indicated that self-
reported daily macronutrient intake (protein, &atd carbohydrates) did not significantly
differ between young and older adults. No age guitiprences were found for daily
micronutrient (Vitamin D, Calcium, Iron, Zinc, Vit@n B6, and Magnesium) intake.
However, an interaction between age and time ofveg/found for daily Vitamin D
intake. Young adults consumed more Vitamin D pgridahe afternoon than the
morning, and older adults consumed more Vitamim Ehe morning than the afternoon.
Additionally, no age differences were found for @tecaloric, cholesterol, percent of
calories from alcohol, and caffeine intake.

Based on the self-report nutritional intake measiged in the present study
young and older adults do not significantly diffietheir daily macronutrient and
micronutrient intake. Previous research examinmgndive effects of macronutrient
intake primarily used experimental manipulationmacronutrient intake during or prior
to cognitive testing (Benton & Stevens, 2008; Greawod, 2003). Research has offered
mixed results for macronutrient effects on cogeigperformance. The present study used
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a self-report measure of macronutrient intake asi&f experimental manipulation. A
lack of age differences on the self-report measuigates that daily macronutrient
intake likely does not account for age-related angndifferences. However,
macronutrient level at time of testing, which pas research has suggested could affect
cognitive performance, was not addressed in theeptestudy.

The lack of age differences in most daily microisutt intake also suggests that
micronutrients do not significantly account for agéated cognitive differences. Previous
research suggests that deficiencies in Vitamin 0e(Bet al., 2008) and Vitamin B12
(Goodwin, Goodwin, & Gary, 1983) have been coreslavith poorer cognitive
performance. The present study was aimed to idedifiierences in young and older
adults and, therefore, did not categorize indivisliasto deficient and non-deficient
groups for further analysis. Since previous stutieagee examined deficient from non-
deficient groups for effects of micronutrientsisippossible that negative effects on
cognitive performance only occur after a prolondeticiency.

A limitation of the present study is small groupes for the older adults. Many
volunteers were declined participation due to autyeaking antidepressants or anti-
anxiety medication. The lowin the older groups resulted in low power. Ageeatiéinces
in prose recall are strongly supported in previstuslies (Dixon et al.,1984; Petros et al.,
1989; Smith, Eklund, Ferraro, & Petros, 2001) drelfresent study did not find this
effect.

Another limitation in the present study is the oself-report measures. Self-
report measures are inherently biased and mayaweat &ccurately reflected actual
nutritional intake or sleep quality. Precise, objecmeasures or experimental
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manipulation may be necessary to detect effecséeep quality and nutritional intake on
cognitive performance if a small effect is present.

Motivation may have been another limitation in gnesent study. No effort or
measures of motivation were included. Young adu#ise recruited from undergraduate
classes for course credit, which is often requicgadtourse completion. Older adults were
recruited from the community by answering adventisats or letters to alumni and were
paid for participation. Overall interest in thedyls topic, motivation to participate and
do well likely differed across age groups. Oldeunledlikely have had more personal
experience with age-related changes in cognitiveopaance, which may increase
interest in the study's topic. Older adults mayehlagen aware that memory performance
decreases as we age, and the older participanthavayput forth greater effort to show
their best performance. In contrast, the youngtadiklely have less personal experience
with age-related cognitive changes and may haweih¢srest in the study's topic.

A limitation in the present study is task diffiul The RBANS is a clinical tool
designed to screen older adults for cognitive declfhe RBANS subtests may not have
challenged younger adults and cognitively intadeoladults. While age differences were
found in the present study, few time of day effeetse found. The RBANS may not
have been sensitive enough to produce time of degrehces.

Future research could include more objective measof nutritional intake and
sleep quality. Since the present study used spirtaneasures and found few
differences between younger and older adults e®pshuality and nutritional intake,
more objective and precise measure may be necdssfang age differences. If age
differences are found, then any moderating effettdeep and nutritional intake on age-
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related cognitive differences could be analyzeaddition to objective measures of
overall nutritional intake, future studies could@kexamine current macronutrients levels
through an analysis of most recent meals.

Past studies finding effects of micronutrientscognitive performance have
included older adults with normal micronutrientééeompared to older adults with
micronutrient deficiencies. Studying micronutrieieficiencies in young adults or
micronutrient levels as predictors of cognitivefpanance could help further our
understanding of micronutrient effects on cognifpegformance.

Additionally, a battery of more cognitively chaillging tasks may show more
differences may be more sensitive to time of dégot$. Longer word lists, increased
story difficulty and length, increased complexifytioe figure, and longer delay intervals

could increase cognitive challenge on tasks sintilaRBANS subtests.
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