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Abstract

Given a growing population of older adults and the common occurrence of natural as well as pathological cognitive
decline, i.e. dementia, there is a need to better understand how to accurately measure and classify level of
cognitive functioning. Both using multiple test administrators to collect cognitive data and what year the participant
is born (birth cohort effects) can influence participants’ performance on cognitive tests. The concept Mild cognitive
impairment (MCI) aims to capture a prodromal stage of dementia. There is heterogeneity in the reported MCI
prevalence and incidence estimates, partly due to varying MCI definitions applied in the research literature. Also,
estimations of reversion rates (recovering from MCI) are reported to be fairly high (=29%). Sampled participants
used in these studies, aged 60-100, were randomly invited to partake in the Swedish population-based ageing
study: Good Aging in Skane.

Paper | (n of participants =6686, Mage=71.3, n of test administrators = 21) examined test administrator influence
on participants’ test scores. A series of mixed linear models revealed significant random effects corresponding to
the test administrators for cognitive test measuring episodic memory, speed of processing and spatial ability
(p<.01). The variation seen in test scores ascribed to the test administrator was between 1.4%-3.5%.

Paper Il (n of 60-year olds = 736 born between 1942-55, n of 81-year olds = 431 born between 1920-33)
examined differences in participants’ tests scores in 3 sets of cohorts, at age 60 or 81, respectively. The ANOVAs
found significant (p<0.05) differences in test scores measuring speed of processing, episodic memory, attention,
executive functioning and vocabulary between the birth cohorts, where the later born cohorts outperformed the
earlier born cohorts.

Paper Il (n for prevalence =3752, n for incidence = 1451, age-groups= 60-69, 70-79, 80+) examined prevalence
and incidence of MCI across age, sex, subtypes and criteria of cognitive impairment. Prevalence of MCI were
21.4% and 6.6% for a lenient and strict inclusion criterion of cognitive impairment, respectively. The MCI incidence
rates were 22.6 and 8.67 per 1000 person-years for a lenient and strict criterion, respectively. No sex-differences
in MCI estimates were established and age differences in estimates were inconclusive.

Paper IV (n=331) examined a 6-year MCI reversion rate and investigated factors that predicted reversion. There
was a high reversion rate of 58%. The logistic regression found that lower age (p<0.05), better global cognitive
functioning (p<0.02), good concentration (p<0.05) and single domain subtype (p<0.001) could predict reversion.

In summary, test administrator effects and birth cohort effects were present in the cognitive data of this population
based ageing study. Moreover, prevalent MCI was fairly common in a sample aged 60+, and that occurrence of
MCI varies with the applied definition. Over half of the participants with MCI reverted back to normal cognitive
functioning at 6-year follow-up. Correctly assessing cognition is important and there are many methodological
aspects to take into consideration, from the stage of data collection to the stage of defining cognitive impairment.
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We don’t stop playing because we grow old, we grow old
because we stop playing — George Bernard Shaw



Table of Contents

OFi@INAL PAPETS ...eeiiieiieeiiieie ettt ettt et e te e e
ADDTEVIALIONS ...ttt ettt ettt te et eseene e enee e
Papers at @ lancCe.......coevvieriieriieriieiieeeeee e
Introduction
Ageing and COZNITION ....c.vieriieiieiieiieteeie ettt ettt et e be et e e eeeens
Measuring cognitive ability.........cocoveeiererinienieeeeceeeeee
Cognitive ageing and dementia............ceceevveecieecienienieeniesiesee e
Validity issues in ageing STUAIES ......ceceerueerieeniierieieeieee e
Internal validity in longitudinal design .........ccccoeeeviiiiiiiiiiineeee,
Internal validity in cross-sectional design...........cccoevereveriverienvennennnn.
Mild cognitive IMPAITMENL. .......ccveeriierirerieeetieeieeereeeieeeseeesereeeereeereeenes
Cognitive assessment of cognitive impairment............cccceeeereereeenee.
Prevalence estimates of MCI ..........cccoveeiiiiiiiiiiieceeeeeeeee e
Incidence estimates of MCI .........c.ccoviieeiiiiiiiiiieece e
Variation in estimates of MCI occurrence due to the applied
OPEratioNAlISALION .....vveveeiieiieiieieeie et seeeeeaeseaeeenes
MCI trajectory and reversion to normal cognition..............cceevervvnnen.
Factors tied t0 TeVETSION .....eeiiriereieieieeiceeete e
Aims
Methods
The Good Aging in SKANE StUAY ......ccveevieiieiieiieieeie e
StUAY SAMPIES ...eevvieniieiieiieitee ettt sttt
Paper [: Test administrator effects ........coccvevveviieciecenierieeieeeeeee,
Paper II: Birth cohort effects.........cccvevieviiicieciieiiciece e,
Paper III: Prevalence and incidence of MCl ..........cccccovveveeienvennnenen.
Paper IV Trajectory of MClL.........ccoveeiiiiiiieeiieeieecieecee e
Cognitive teStiNg ProCEAUIE ......c.eervierieerieriereereereeteereereereesreeseeeseeeseeenns
COGNILIVE TESTS .uveeutienieetiete ettt ettt sttt et sttt ettt e et e et e enaeeaee e
Other Measurable CONCEPLS ......ccvievieriierieiieieeie e ere e ereereebeerbeesaeesre e

Defining MCI......cooiiiiiiie ettt ettt



Ethical CONSIAETAIONS ....vvvveieieieieieeee et eeeeeeareeee e 46

Statistical MEthOAS .......c..ooeviiiiiiiiicciecee e 47

Results 50

oo 1C) ol SRR 50

o1 073 1 P PRTSR 51

Birth cohort effects on test performance............ccceeevveeieeieeienciennennen. 51

EdUCation......coeeieiieiieee e 53

o1 o T3 1 S PRTSR 54

PrevalenCe ......ccuivviiiiiiecie ettt 54

INCIARIICE ... 55

Paper TV o 58

Trajectory and reversion of MCl.........cccccvvoviriiinciiiieniecie e 58

Factors tied tO TEVEISION ......c.cccvievieiieie e ettt sereseveeaesne e 58

Discussion 60

Summary of main findings...........cceecvevierierienierieieeee e 60

Interpretation Of TESUILS ......ccviieiiiiiiecieccie e 61

Test administrator influenCe..........cecveerieeieeiieiieee e, 61

Birth cohort effects......ccuveiiiiieieecce e 62

Mild Cognitive Impairment............cceeveerieerieerieecieeie e 63

Methodological considerations ............ccceeveeeiieeieeiiieenieeciee e eiee e 67
Selection bias, misclassification, generalisability and practice effects

............................................................................................................. 67

Other methodological considerations...........cceccvevvverieererveniennennennnn 70

Clinical IMPIICATIONS ...ceuieitieiieiieieeie ettt 72

CONCIUSIONS ...ttt sttt ettt st et e e e e s enee e 73

Sammanfattning pa svenska 75

BaK@rund......ccoveeiiiiieiieie et 75

Arbete I och II testledareffekter och kohorteffekter ............cocceevieiianenicnn. 75

Fragestallningar.........cooeeeiieiieiece et 76

Urval frin Populationen ...........ceceviiiniiiiniiinieenececeeceee 76

Metod OCh TESUIAL......cvieiieieeie e 76

Arbete [T och IV lindrig kognitiv StOrNing.........ccevvereeereeneenieniieiereeienns 77

Fragestallning ........cooeeviieiieiiieieceeeseee et 77

Metod OCh TeSUItAL.......occuiiiiiiiciicceeeee e 77

Sammanfattning och slutsats av samtliga arbeten.............cccoecveeeiievcieennens 78

Acknowledgements 79

References 81




Original papers

This thesis is based on four papers referred to herein by their Roman numerals. The
papers and their supplements are included at the end of this thesis. The journals
publishing these papers have granted their permission for reproduction in this thesis.

10

L

IL

IIL.

Iv.

Overton, M., Pihlsgard, M., & Elmstahl, S. (2016). Test administrator
effects on cognitive performance in a longitudinal study of ageing.
Cogent Psychology, 3, 1260237

Overton, M., Pihlsgard, M., & Elmstéhl, S. (2018). Up to speed: Birth
cohort effects observed for speed of processing in older adults: Data
from the Good Ageing in Skane population study. /ntelligence, 67, 33-
43

Overton, M., Pihlsgard, M., & Elmstahl, S. (2019). Prevalence and
incidence of Mild Cognitive Impairment across subtypes, age, and sex.
Dementia and Geriatric Cognitive Disorders

Overton, M., Pihlsgird, M., & Elmstahl, S. Stability of MCI over 6-
and 12-years, and factors predicting reversion to normal cognitive
functioning. Data from the Good Aging in Skine (GAS) study.
(Manuscript- planned submission)



Abbreviations

AD Alzheimer’s disease
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Papers at a glance

(p<0.01) test
administrator
influence on
participants’ cognitive
test scores on
episodic memory,
speed of processing
and spatial ability.

birth cohort effects on
participant’s cognitive
test scores,
measuring speed of
processing, episodic
memory, attention,
executive functioning
and semantic
memory (vocabulary).

ranged from 5.13-
29.9%

Incidence rates for
overall MCI were 8.67
(95% confidence
interval (Cl): 7.0-10.7)
and 22.6 (95% Cl:
19.6-25.9) per 1000
person-years, for
severe and less
severe impairment,
respectively.

Paper | 11 11 IV
Aim To examine the To investigate birth To report prevalence To investigate the
extent of potential test | cohort effects on test and incidence of mild trajectory of MCI, with
administrator scores measuring cognitive impairment specific regards to
influence on multiple cognitive and also investigate reversion rates,
participant’s test domains in a sample the how different during a 6-year period
scores and other of older adults as well operationalisations of To investigate factors
influential factors as to examine cognitive impairment associated with
related to testing whether level of can influence MCI reversion of MCI over
setting, such as time education can in part occurance estimates. a 6-year period.
of day or re-test explain the birth
effects. cohort effects.
Population Participants from 5 2 samples of Prevalence: Trajectory/reversion
and examination. Age M participants ages 60 participants from 3 of MCI: participants
number (N) | (SD)=71.34 (10.1), and 81, from 3 baseline samples from 2 baseline
of 21 test baseline Incidence: MCl-free samples with follow-
participants | administrators. examinations. participants from 2 up 6.
after baseline samples Factors linked to
exclusion. N = 6686 60-year olds, N= 736 were followed for 6- reversion: baseline
All are 81-yearolds, N =431 | years. sample with 6-year
extracted follow-up.
from Prevalence, N =3752
SNAC- Incidence, N = 1451 Participants with MCI
GAS study at baseline with 6-
year follow-up data, N
=331
Design Cross-sectional and Cross-sectional and Prevalence: Cross- Longitudinal cohort
longitudinal time-lag design sectional study
Incidence:
Longitudinal
Cognitive Episodic memory, Speed of processing, Tests for cognitive Tests for cognitive
tests speed of processing spatial ability, impairment: Episodic impairment: Episodic
spatial ability memory (episodic, memory, speed of memory, speed of
semantic, short-term, processing, verbal processing, verbal
working), verbal fluency, spatial ability | fluency, spatial ability
fluency, attention,
executive functioning,
and meta cognition
Main Linear mixed models One-way ANOVAs MCI incidence rate Logistic regression
statistical (with post hoc according to [new model to investigate
method multiple comparisons) cases/person-years] factors associated
x1000 with reversion of MCI
For assessment of to normal cognitive
sex and age on functioning.
incidence: Poisson
regression analysis
Main result | There was significant Significant (p<0.05) Prevalence estimates | 58% of the

participants reverted
back to normal
cognitive functioning
at 6-year follow-up.
Factors associated
with reversion were:
lower age (p<0.05),
better global cognitive
functioning (p<0.02),
good concentration
(p<0.05) and single
domain subtype
(p<0.001).
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Introduction

The research areas ageing and cognition go hand in hand for many reasons. Among
these reasons are the naturally occurring cognitive decline with advancing age
(Hofer & Alwin, 2008) and that dementia, a disease primarily affecting cognition,
most often onsets after the age 65 (Winblad et al., 2016). As populations around the
world are growing older, there is an acute demand to fully grasp all aspects of older
adult cognition.

A transition of age distribution towards older populations, referred to as population
ageing, has long been observed. This entails that average age is higher and the
proportion of older adults in population distributions is larger than it has ever been,
a result of lower fertility rates and improvement of survival rates (United Nations,
2017). The World Health Organisation (2016) proposes that the proportion of
people that are 60 and over will increase from 900 million (2015) to 2 billion (2050).
With this ageing distribution shift, society faces a vast challenge to accommodate
this growing share of seniors, as well as the increase in the occurrence of age-related
diseases that affect cognition, such as dementia. Dementia is a costly disease at both
the micro and macro level, bringing burden on the patient, their family and society.
A recent report found a 35% increase in global dementia care cost, from US $604
billion in 2010 to $818 billion in 2015. Forecasts indicate that this cost will increase
to an average global cost of $2 trillion in the year 2030 (Wimo et al., 2017). Bearing
these facts in mind, given a growing population of older adults and the common
occurrence of both natural and pathological cognitive decline in older populations,
the world is facing a major challenge. Research focusing on ageing and cognition is
therefore extremely valuable, and is the foundation of this thesis. Focus will
specifically be on issues of validity when collecting and interpreting cognitive data,
and on prevalence, incidence and reversion of the prodromal stage of dementia,
referred to as mild cognitive impairment.
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Ageing and cognition

Measuring cognitive ability

The word cognition comes from Latin cognoscere, meaning “to get to know” and
involves mental activities that are used when obtaining and processing information
(Colman, 2006). Cognition is not a unitary function responsible for all thought
processes, but is further divided into various cognitive functions responsible for
regulating specific behaviours. Hereinafter, these functions are referred to as
cognitive domains. Notably, the taxonomy of cognition varies slightly in the
literature, depending on the purpose of the research, and concepts such as cognitive
domains, cognitive abilities and functions are usually used interchangeably.
Domains (e.g. memory) are further divided into subdomains (e.g. short-term
memory). Domains are complex, and often work simultaneously, in a synergetic
manner, making it sometimes challenging to measure distinctive processes.
Measurement of cognition in older adults is usually accomplished using
psychometric tests or instruments specially designed to measure particular
subdomains and processes, often as part of an extensive cognitive test battery. A
typical test battery, measuring the cognitive status of older adults, involves tests
measuring memory, attention, language, speed of processing, executive functioning,
spatial ability and sensorimotor skills (Cosentino, Brickman, & Manly, 2011). The
purpose of the cognitive evaluation steers who (which profession) and what type of
cognitive assessment is carried out. For instance, physicians may administrate a
quick global cognitive assessment such as the Mini Mental State Examination
(MMSE: Folstein, Folstein, & McHugh, 1975) to gain an overall picture of cognitive
level. The neuropsychologist on the other hand administrates specific
neuropsychological instruments to pinpoint cognitive impairment, thus evaluating
primary and secondary diagnoses, the severity and the functional boundaries of the
cognitive impairment, as well as designing treatment programs (Roebuck-Spencer
et al., 2017). In addition, study-trained test administrators carry out cognitive tests,
often using the same standardised tests, on participants for research purposes. In
order to assess level of impairment, once a test result is obtained, it is compared to
a norm score, i.e. what the person is expected to score according to his/her age,
education and sex (Lezak, Howieson, & Loring, 2004). In the context of ageing,
evaluation of cognition can be problematic, as the examiner must determine whether
the obtained test result is pathological or due to “normal” cognitive deterioration
(Lezak et al., 2004).
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Cognitive ageing and dementia

It is well established within ageing research that there is a natural permanent
deterioration of cognition after a certain stage in maturity, referred to as cognitive
ageing (Hofer & Alwin, 2008), although there is significant intra- and inter-
individual variability (Wilson et al., 2002). For instance, some older adults
experience more loss of cognitive functioning than others. Additionally, research
has identified particular cognitive functions, e.g. vocabulary, remaining well-
preserved or even improving with advancing age (Cosentino et al., 2011), whereas
other functions, such as speed of processing and episodic memory, progressively
decline over time (Harada, Natelson Love, & Triebel, 2013).

Besides cognitive ageing, the number one cause of cognitive decline in older adults
is the syndrome dementia. Over time, dementia leads to sustained worsening of
cognition, behavioural and social functioning. There are various ways of defining
dementia, but generally definitions feature objective cognitive deficiency in either
memory or another cognitive domain together with impairment in basic or
instrumental activities of daily living. The term dementia has recently been replaced
in the Diagnostic and Statistical Manual of Mental Disorders- 5 (DSM-5) with the
concept major neurocognitive disorder (NCD) (American Psychiatric Association,
2013). This new concept embraces earlier stages of cognitive decline. Using the
term NCD over dementia has its benefits, e.g. reducing stigma (Garand, Lingler,
Conner, & Dew, 2009), nevertheless, dementia will be the term used in this thesis
because it remains the more recognisable term. Global prevalence of dementia is 5-
7% (Prince et al., 2013) and is not a single disorder but includes a range of many
different, and sometimes overlapping, pathologies. The most prominent pathologies
are: Alzheimer’s disease, Vascular dementia, Frontotemporal dementia, Parkinson’s
disease dementia, Lewy body dementia, all which affect cognition in diverse ways.
The umbrella image (Figure 1) provides descriptions of the primary affected
cognitive domains and the prevalence estimates of the syndromes (Hogan et al.,
2016; Hugo & Ganguli, 2014; Rizzi, Rosset, & Roriz-Cruz, 2014).
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DEMENTIA

Dementia or Major Neurocognitive Disorder (DSM-5) is an umbrella term that

includes different underlying aetiologies causing cognitive decline which
interferes with the independence of everyday activities. The most common
dementias with their most affected cognitive domains are described below.

Alzheimer’s Vascular Frontotemporal Parkinson’s Lewy body
Disease dementia dementia disease dementia
AD accounts for 60- Accounts for 15-25% of all Common in younger dementia Accounts for 5-10%
70% of all dementias. dementias populations and accounts for | | Accounts for 2% | | of all dementias
Affected cognitive Affected cognitive domains: 2-10% of all dementias of all dementias
domains: - Executive functioning Two types: a behavioural Affected cognitive
Foremost memory - Memory (sometimes intact and a language variant - Visuospatial || domains:
and executive recognition) abilities - Visuospatial
functioning - Complex attention Affected cognitive domains: || - Executive abilities
Occurs later on - Slowed processing speed - Language functioning - Attention
- Semantic/language Semantic memory - Memory - Executive
Social cognition Orientation - Attention functioning
Visuospatial Visuomotor functioning - Information Additional cognitive
abilities processing features:
Visual
hallucinations
Parkinsonism

Figure 1.
Umbrella image of the most common dementia types, their prevalence and impaired cognitive domains.

Validity issues in ageing studies

Ageing research has traditionally used longitudinal and cross-sectional designs to
study mechanisms of ageing. Longitudinal designs imply studying a sample of
individuals over time, measuring changes in behaviour or disease outcome, whereas
cross-sectional designs imply studying multiple samples of individuals
simultaneously (Schaie & Willis, 2010). Within ageing research, cross-sectional
studies try to answer questions regarding intraindividual age-related change using
observations from interindividual differences (Schmidt & Teti, 2005), which is not
optimal. To study true age-related intraindividual change, longitudinal designs are
necessary. With this said, cross-sectional designs are beneficial because they can
determine association between variables, and are not as costly or time consuming
as longitudinal designs. There are potential validity threats in both types of study
designs, as discussed in this section.

The Oxford dictionary of Psychology (2006) defines validity as:
“The soundness or adequacy of something or the extent to which it satisfies certain
standards or conditions. A research procedure or an interpretation of results obtained

from a research study are considered valid if they can be justified on reasoned
grounds”
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Validity can further be divided into two types, internal and external validity.
External validity concerns the generalisability of the conclusion of an empirical
investigation. It questions whether the conclusion will remain the same when
research methods or participants are changed. Internal validity concerns the
accuracy of the conclusions of an empirical investigation, based on the research
methods and participants that were applied. Schaie (1988) reports eight different
threats to internal validity in ageing studies when using cross-sectional and
longitudinal design. These are: maturation, effects of history, practice effects,
instrumentation, statistical regression, experimental morality attrition, selection
bias and finally an interaction of these. Most of these threats will be discussed in
this thesis, however the next chapters will discuss instrumentation, practice effects,
and effects of history more comprehensively as they are the focus of the two first
papers.

Internal validity in longitudinal design

Instrumentation and practice effects, are examples of threats to internal validity
when applying longitudinal designs and are discussed in the following order in the
next few sections.

Instrumentation

Instrumentation refers to bias in the cognitive outcome due to changes made to the
instruments measuring the intended factor. For example, participants’ test results
(cognitive outcome) could be biased because several versions of the same cognitive
tests (instruments), intended to measure the same underlying cognitive ability, are
administrated. Using multiple test administrators to collect cognitive data or slightly
changing a cognitive test are example of factors that can potentially cause bias.
These two types of instrumentation are fairly common in longitudinal studies as they
can last for several years or even decades. Study personnel are then naturally
replaced and cognitive test batteries or tests are updated (Guo & Bollen, 2013;
Schaie & Willis, 2010).

Test administrator influence

As previously mentioned cognition involves a test taker (patient or a participant)
and someone that administrates the test (neuropsychologist or study test
administrator). When using multiple test administrators to collect cognitive data
variations in testing sessions may arise due to factors attributable to the test
administrators. These inconsistencies may subsequently contribute to wrongful
conclusions regarding the participant’s cognitive performance. This problem has
been expressed in the relevant literature using the following terms: rater
agreeability, inter/intra-rater reliability (Shrout & Fleiss, 1979), rater effects (Guo
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& Bollen, 2013), rater/observer bias (Hoyt, 2000), experimenter bias (Rosenthal &
Fode, 1963). These concepts all try to capture the extent of potential bias in
cognitive outcome that arises when different observers/raters are used to evaluate
the same human behaviour (Gwet, 2014). The question arises, how well do different
evaluations from different rates co-inside? Notably, bias can arise when using the
same observer to evaluate multiple behaviours from the same or different
participants. Since testing cognition does not only consist of observational
behaviour judgements, but also involves verbal interactions between the participant
and administrator, the term test administrator influence/effects is considered more
suitable and will be used in this thesis.

There are two levels of sources of variability, or bias, related to the test
administrator, existing at the individual level and at the comparison level (Guo &
Bollen, 2013). The first has to do with the direct impact, due to the test
administrator, on cognitive performance during the testing situation. Secondly, by
having several test administrators influence performance, in multiple ways, a
variability in testing situations arises. By using strict and standardized procedures,
both levels of bias can be substantially reduced (Rousson, Gasser, & Seifert, 2002;
Sattler & Theye, 1967).

Robert Rosenthal in the 1950s was one of the first scientists to map out experimenter
bias, especially pinpointing the importance of experimenter expectations on
participants performance (Chapman, Benedict, & Schioth, 2018). Since then various
accounts of how the administrator impacts participants’ performance have been
suggested. Most theoretical accounts include factors such as the characteristics of
the test administrator, and the test administrator’s reaction to the instrument, and/or
the test taker (Chapman et al., 2018; Guo & Bollen, 2013; Sattler & Theye, 1967,
Shavelson & Webb, 1991). Influence from one factor does not rule out the other,
and it is most likely that test administrator influence occurs due to a combination of
these factors. Instruments that are of a complex nature, and that are ambiguous in
their testing techniques, instructions to participants, and scoring guidelines can
cause discrepancies between test administrators (Hoyt & Kerns, 1999). Such
instruments are especially vulnerable to the practice of multiple test administrators,
where one test administrator adapts the correct procedure, but his/her colleague does
not (Hoyt & Kerns, 1999). Ethnicity (Marx & Goff, 2005; Samuel, 1977), sex (e.g.
(Chapman et al., 2018; Ortner & Vormittag, 2011; Samuel, 1977), experience of
administrating (Hoyt & Kerns, 1999; Lim, 2011), and attitude (Bookout & Hosford,
1969) are examples of characteristics of the test administrator that may influence
cognitive performance. An administrator’s reaction to a test taker, such as
expectations of performance (Rosenthal & Fode, 1963), and personal reactions to
participant attributions, e.g. the Halo effect (Hoyt & Kerns, 1999; Thorndike, 1920)
also assume responsibility for variations observed in test scores. A meta-analysis by
Hoyt and Kerns (1999), that investigated interpretations of the rating scales and
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evaluations of the target, found that up to 47% of score variance was due to the
experience of the rater and difficulty level of the rating systems. The largest rater
bias variance was established for inexperienced raters using inferential rating
systems, i.e. they required more analytical reasoning.

Despite this evidence of test administrator influence, ageing studies that typically
use multiple test administrators to collect longitudinal cognitive data fail to
investigate the role of potential test administrator influence on cognitive outcome.
Moreover, variation in test administration may occur more with older populations
than when using younger samples, as older participants are more prone to demand
extra instructions due to impairment in cognition, or/and functional issues such as
impaired hearing or eyesight (Bernstein, Tucker, & Auer, 1998; Lezak et al., 2004;
Sattler & Theye, 1967).

Changes to cognitive tests and batteries

As mentioned in the introduction of this chapter, cognitive tests or test batteries are
occasionally replaced with updated versions. Moreover, some studies administrate
a different version of the same test to the reoccurring participant at their subsequent
examination in order to reduce another threat to internal validity, namely practice
effects. Thus, paradoxically, by the effort to reduce one internal threat (practice
effects) another one is induced (instrumentation). Regardless of the implementation
reason, these versions intend to measure the same underlying cognitive mechanism.
For instance, a list of words to memorise may consist of one set of words in one
version and another set of words in the second version. Although these versions are
constructed to be equal, there may still be inconsistencies, and one set of words may
be easier to recall than the others (Katkov, Romani, & Tsodyks, 2014). For example,
Laukka et al. (2013) found differences in test results between three versions
measuring speed of processing tests and memory respectively. Therefore, studies
applying different versions should routinely check for disparities.

Practice effects and other methodological concerns

Practice effects or retest effects entail an enhancement on a cognitive test
performance at the successive examination due to familiarisation of that test or to
the testing situation. There is evidence from longitudinal data indicating
improvement in performance over examination occasions and for different types of
cognitive variables (e.g. Lowe & Rabbitt, 1998; Salthouse, 2010; Wilson et al.,
2002). Practice effects are especially prominent between test occasion 1 and 2
(McArdle & Woodcock, 1997) and often the effect of multiple testing decreases in
magnitude across occasions (Lovdén, Ghisletta, & Lindenberger, 2004). In regards
to cognitive ageing, Salthouse (2014) observed that retest effects distort the mean
age trends in longitudinal comparisons when comparing three unique ageing data
sets. In order to reduce practice effects in longitudinal studies, alternative forms of
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the test are administrated at subsequent testing occasions (Giambra, Arenberg,
Kawas, Zonderman, & Costa, 1995; Hertzog, Dixon, & Hultsch, 1992; Prince,
Lewis, Bird, Blizard, & Mann, 1996). However, there is evidence that suggests that
this approach does not eliminate effects of practice (Dikmen, Heaton, Grant, &
Temkin, 1999; Hultsch, 1998; Watson, Pasteur, Healy, & Hughes, 1994) which
signifies that other issues than learning the content of the test itself, may be
contributing to improvement of test scores, e.g. task familiarisation or reduced
anxiety (R. S. Wilson et al., 2002). Task familiarisation entails that if there are two
similar tasks in one testing battery, the participant performs better on the task that
is administrated secondly, due to the participant recognising how to perform this
type of task (Goldberg, Harvey, Wesnes, Snyder, & Schneider, 2015). Hence,
practice effects are also a concern when using cross-sectional methods. To resolve
issues of task familiarity, counterbalancing task administration orders (swapping
test orders) may neutralise retest effects (Ferrer & Ghisletta, 2011). Remarkably,
administrating tests in different orders may cause concerns of instrumentation.

Other examples of influences on cognitive performance regarding methodological
study design are the testing setting (where) and the time of day (when). That
circadian rhythms affect cognitive performance is well documented, even in older
adults (Blatter & Cajochen, 2007; May, Hasher, & Foong, 2005; Schmidt, Collette,
Cajochen, & Peigneux, 2007). The testing setting, in which environment the person
is tested, is also an influential aspect. As older adults are less mobile than younger
adults, testing cognition for both research purposes, and for clinical purposes can
sometimes occur outside the research centre or clinic. Previous research has found
the surrounding environment to play a role on cognitive performance in older adults
(Shievitz, Tudiver, Araujo, Sanghe, & Boyle, 1998; Woodford & George, 2007).
Still, there is limited research conducted on influential aspects on cognitive
performance when the test taker is tested in their home environment. Offering home
visits to reduce internal drop-out is a vital part of keeping high participant rates, and
being able to test participants at different times in the day helps keep a fast study
pace. Despite the fact that these study implementations cause variations in cognitive
testing, there is inadequate research conducted on the matter, especially in ageing
contexts. Issues that are tied to the testing situation in our aging study Good Aging
in Skdne (GAS), such as using different test administrators or test versions, or
variations in the time of day of the testing are presented in Table 1. The reason for
implementing these testing specific factors and how they supposedly influence
cognitive test results are also provided in the table.
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Table 1.
Testing specific factors, reason for implementation and how they influence cognitive performance

Multiple test administrators Practical: change in personnel Test administrator influence, e.g.
throughout the study experience of test administrator

Different test versions Reduce practice effects on Different difficulty levels of the test
subsequent testing occasions versions

Different orders of test battery To reduce potential systematic Fatigue due to serial testing or

administration fatigue effects and task alertness in the beginning of the
familiarisation testing session.

Time of day of testing Practical: To test many participants Fatigue due to differences in
in the same day circadian rhythms.

Testing setting To boost participant rate/minimise Discomfort/comfort of the
selection bias participant

Internal validity in cross-sectional design

Cohort effects, gains on cognitive measures

Perhaps the largest validity threat when using cross-sectional design is effects of
history (Schmidt & Teti, 2005). Within ageing research, this issue involves the
difficulty of separating true age-related change from the effects of history. Period
effects and cohort effects are both examples of effects of history. Period effects refer
to environmental circumstances that have an impact on all individuals at the same
time, regardless of age or when they are born, e.g. starvation or war. Cohort effects
refer to the historical effects on a group of individuals who share similar
environmental circumstances at the same points in their life. A cohort could for
example refer to a group of graduates or a group of individuals born during the same
period, known as birth cohorts. These birth cohorts then share common factors such
as lifestyle, cultural background, education or necessities for a successful life. These
factors then contribute to the development of cognitive ability similarly, entailing
that one birth cohort performs better on one cognitive test in comparison to another
cohort, just by the virtue of different life experiences.

Within the field of cognition, the most prominent evidence of birth cohort effects is
the substantial gain observed in intelligence scores throughout the 20th century,
generally known as Flynn effects (Flynn, 1984; Trahan, Stuebing, Fletcher, &
Hiscock, 2014). These gains are extensive and have been observed for multiple birth
cohorts, age categories, as well as for multiple cognitive abilities (e.g. Hanson,
Smith, & Hume, 1985; Karlsson, Thorvaldsson, Skoog, Gudmundsson, &
Johansson, 2015). Gains in several tests measuring multiple cognitive functions
have been reported, such as for semantic and episodic memory, verbal fluency
(Ronnlund & Nilsson, 2008; Skirbekk, Stonawski, Bonsang, & Staudinger, 2013),
speed of processing tasks (Karlsson et al., 2015; Salthouse, 2015; Verhaeghen,
2013), speed of processing (Dickinson & Hiscock, 2011), and spatial abilities
(Karlsson et al., 2015). The magnitude of gains differs between countries and time
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intervals (Pietschnig & Voracek, 2015; Williams, 2013). The general trend of gains
in test scores on cognitive measures, at least in the developed countries, is currently
decreasing (Flynn & Shayer, 2018; Pietschnig & Voracek, 2015). Evidence of
decrease comes primarily from the Scandinavian countries, where cohort related
gains are seemingly stagnating, and even reversing (Sundet, Barlaug, & Torjussen,
2004; Teasdale & Owen, 2008), but there is evidence of stagnation from other
European countries (Dutton, van der Linden, & Lynn, 2016).

Causes of gains

There are many explanations of what causes the observed gains in cognition across
the 20th century. For example; improved nutrition (Lynn, 2009), reduced sibling
sizes (Ronnlund & Nilsson, 2008), longer and enhanced education, increased
exposure to testing situations and types of tests (Brand, 1996), more experience with
complex visual environment (Greenfield, 1998), and improved child rearing
practices (Lynn, 2009). One explanation may not account for all gains, and certain
explanations are favoured over others, which is contingent on what type of cognitive
entity is proposed to be rising (Hiscock, 2007). Likewise, an interaction of different
factors may explain particular gains. However, there is one explanation that is
favoured over others, that is, the concurrent improvement of education (e.g. Flynn,
1984; Lynn, 2009; Tuddenham, 1948). Evidence for this account stems from the
firm relationship between cognitive test performance and education (Ronnlund &
Nilsson, 2008), where meta-analyses and longitudinal studies have established that
education is the most persistent predictor of cognitive performance (Schaie, 2011).
Furthermore, western society has observed substantial positive developments in
education throughout the 20th century (Gustafsson, 2008). Evidence of education
being the primary explanation for gains in cognition is persistent e.g. (Alwin &
McCammon, 2001; Nyberg, Lovdén, Riklund, Lindenberger, & Béackman, 2012;
Ronnlund & Nilsson, 2008; Schaie & Willis, 2010).

Cohort effects and ageing

Several studies have reported cohort effects for older adults and a selected number
of Swedish and other major ageing studies are reported in Table 2.
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Table 2.

Studies reporting cohort effects using samples of older adults

Finkel, Swedish 50+ Younger: 1926-1948 Verbal and spatial Younger cohort
Reynolds, adoption and Older: 1900-1925 ability, memory, outperformed
McArdle, and Twin study of (n=806) speed of older cohort in
Pedersen ageing, Sweden processing verbal and
(2007) spatial ability
and memory
Zelinski and The long beach 55-87 Cohort 1 1908-1940 Recall, reasoning, Cohort effects
Kennison longitudinal (n=456) spatial ability and on all measures
(2007) study, USA Cohort 2: 1893-1923 vocabulary (recall,
(n=482) Recognition,
With 16 years reasoning,
differences in ages spatial ability)
between participants but not
in the two different vocabulary
cohorts
Ronnlund and The Betula 35-80 1909-1969 (n=2995) Semantic and Advances for
Nilsson (2008)  study, Sweden episodic memory semantic, and
and visuospatial episodic
ability memory for the
later born
cohorts.
Stagnation was
noticed for
individuals born
1954 and later
Skirbekk et al. English 50-74 Younger: 1930-1949 Immediate word Younger
(2013) longitudinal Older: 1936-1955 recall, delayed cohorts
survey on (n=9116) word recall, verbal outperformed
ageing (ELSA), fluency older on all
England measures
(immediate
word recall,
delayed word
recall, verbal
fluency)
Karlsson etal. The 70,75  Cohort 1: 1901-02 Spatial ability and Later born
(2015) gerontological and (n=460) logical reasoning cohorts
and geriatric 79 Cohort 2: 1906-07 outperformed
population study (n=513) earlier born
from Gothenburg Cohort 3:1930 cohorts on both
(H70), Sweden (n=254) spatial ability
and logical
reasoning

Three reasons are presented below as to why cohort effects should be studied in
relation to older adults. These are: 1) lack of research 2) misleading age trajectories
and 3) misleading age norms.

1) Most cohort research studies use samples of younger individuals and there is
currently a gap in the research regarding how cohort effects on cognitive ability
are expressed in the application of older adult samples.

2) When using cross-sectional data to examine the onset of cognitive decline
cohort effects may be present, causing a false observation of premature onset.
Nyberg et al. (2012) demonstrate this using data from the Betula study in Figure
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3)

Estimated memory change (T scores)

2a and 2b. By comparing cross-sectional data with longitudinal data, they
observed a 25-year difference of when decline begins for episodic memory.
However, when controlling for education levels (the primary explanation of
cohort effects), the age trend for the cross-sectional data became similar to the
longitudinal data, seen in Figure 2d.

As described in chapter 1, the determination of cognitive impairment based on
test scores is accomplished through the comparisons of test scores with norm
scores. These age-stratified normative scores are usually derived using cross-
sectional data, and therefore norms are potentially confounded by cohort effects,
leading to out-dated norms. When applying a dated norm to an individual’s test
score, this person could be misclassified as being cognitively intact, when in
fact the person has a cognitive deficiency.

Cross-sectional data Longitudinal data
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Figure 2.
Trends of age-related cognitive decline in cross-sectional (a), longitudinal (b), and education-adjusted cross-sectional
data (d). Figure lent by permission (Nyberg et al., 2012).
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These three reasons provide motivation to engage in research regarding birth cohort
effects on cognitive performance for older adults.

In sum, it seems that by trying to reduce threats to internal validity (e.g. practice
effects) in longitudinal studies by particular methodological implementations (e.g.
counterbalancing test orders, or having different versions of the same tests) other
validity threats are introduced. Furthermore, internal validity threats in cross-
sectional studies, such as birth cohort effects, can cause inaccurate interpretation of
maturation trends, as well as cause concerns when applying normative scores to
determine cognitive status. Hence, ageing studies must consider the magnitude of
these types of threats in their cognitive data.

Mild cognitive impairment

Dementia is one of the most detrimental age-related diseases. Thus, ageing
researchers as well as clinicians are trying to understand the early stages of the
disease, in order to delay its onset by introducing targeted interventions at the right
time. Understanding the early stages of dementia can be done by identifying an
intermediate stage between normal ageing and dementia. This transitional stage has
been conceptualised in multiple ways: Age-Associated Memory Impairment
(AAMI), Ageing- Associated Cognitive Decline (AACD), Age-Related Cognitive
Decline (ARCD), Mild Cognitive Disorder (MCD), and Cognitive Impairment No
Dementia (CIND)”. The most recent addition to these concepts is found in DSM-5,
Mild Neurocognitive Disorder (Mild NCD). Of these concepts, Mild Cognitive
Impairment (MCI) is the definition that has received the most attention in the
literature. MCI originated in the late 1980s and was further developed by Petersen
and colleagues in 1999 at the Mayo Clinic in Rochester, US (Petersen et al., 1999).
The MCI concept has evolved during the last few decades, steering away from its
original form, which only focused on classifying those with memory impairment to
ultimately capture patients with prodromal stages of AD. During a key symposium
in 2003 in Stockholm (Winblad et al., 2004), the definition expanded and
international criteria for MCI were formed. The definition now includes
impairments in other cognitive domains than memory. Currently, the expanded
Mayo Clinic characterisation of MCI includes the following features: a) self-and/or
informant reported cognitive decline; b) objectively measured impairment in at least
one cognitive domain; c¢) preserved daily functioning; and d) no dementia diagnosis
(Petersen et al., 2014).

MCI is typically further separated into the four following subtypes: amnestic MCI
(aMCl); single or multiple domain (aMCls/m); non-amnestic MCI (naMCI); and
single or multiple domain MCI (naMCls/m). Amnestic MCI signifies that there is
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an impaired memory component, whereas non-amnestic MCI signifies impairments
in other domains. Single or multiple domain captures the number of cognitive
domains affected. The purpose of the subtypes is not only to capture the pathological
picture of the existing cognitive dysfunction, but to also understand its aetiology
and ultimately predict dementia outcome (Petersen et al., 2014). Research has
confirmed that individuals with deficiencies primarily in amnestic functions are
inclined to develop AD (Belleville, Fouquet, Hudon, Zomahoun, & Croteau, 2017;
Petersen et al., 2014). Furthermore, deficits in language can lead to frontotemporal
dementia and visuospatial deficits may lead to dementia with Lewy bodies (Ferman
et al., 2014; Nelson & O'Connor, 2008). Impairments in specific cognitive domains
are measured using neuropsychological tests and the patient’s/participant’s test
scores are therefore helpful predictors of the nature of dementia outcome. This
makes the neuropsychological assessment a crucial part of the MCI definition.
Markedly, additional determination of the aetiology can be made by laboratory tests
or neuroimaging (Petersen et al., 2014).

Cognitive assessment of cognitive impairment

Objective cognitive impairment alone as a criterion has been found to accurately
predict dementia conversion (Belleville et al., 2017; Brodaty et al., 2013; Summers
& Saunders, 2012), making accurate cognitive assessment for MCI essential.
Currently, there is no consensus regarding an optimal cognitive assessment battery
for defining MCI and its subtypes, and test batteries described in the literature vary
dramatically (Nelson & O'Connor, 2008). The existing guidelines described in
Petersen et al. (2014) recommend an impairment of 1.0-1.5 standard deviations
below adjusted norm scores on at least one test measuring these domains: memory,
executive functioning, attention, language or visuospatial skills. This
recommendation is somewhat restricted, leaving researchers and clinicians without
full-scale instructions on the operationalisation of objective impairment. For
instance, the number of measures for each cognitive domain, the type of
psychometric measures, whether to use individual or combined cognitive measures,
the quality of the comparative normative data, and the exact cut-off threshold used
to indicate impairment are examples of unresolved implementation issues (Brodaty
etal., 2013; Visser et al., 2009). This leads to varying operationalisations applied in
the literature. Moreover, epidemiological studies and the clinical assessment in
memory clinics can differ somewhat in the types of tests that are used in the
cognitive assessment. For instance, most clinical neuropsychologists customize a
battery of tests that suit the unique needs and abilities of the patient (Nelson &
O'Connor, 2008) and also take qualitative information into consideration, whereas
in epidemiological studies a standardized test battery, including multiple cognitive
measures, is used for all participants (Petersen et al., 2009).
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There are several other controversies and limitations in MCI research besides the
implementation of the cognitive impairment criterion. For instance, source of
participants (stemming from a memory clinic or population, age range), follow-up
length, prospective or retrospective data collection, and classification of MCI
(algorithmic or consensus approach) (Petersen et al., 2014). An algorithmic
approach is usually applied in the context of population-based studies, where criteria
for MCI is listed and diagnosis is assumed only if each of the criteria is fulfilled.
Mostly, focus lies on whether the participant is considered to have an impaired
neuropsychological test score or not. A consensus approach on the other hand is
when an expert panel is provided with relevant clinical information, such as life
span experience or concerns from relatives to make a justified decision of MCI
diagnosis. These controversies lead to methodological differences in MCI research,
which contribute to heterogeneous research findings on MCI regarding prevalence,
incidence, progression to dementia, risk markers, sex and age differences, and
stability of the diagnosis.

Although beyond the scope of this thesis, it is notable that the diagnosis of MCI
extends further than cognitive examination. Medical history, functional status,
inquiry by proxy and collection of biomarkers are vital factors to make an accurate
clinical judgement of preclinical dementia. Together with the abovementioned
controversies, major differences in the inclusion and the weight of these factors
exist, further complicating comparisons of research results.

Prevalence estimates of MCI

An average MCI prevalence of 18.9% has been put forward for individuals over 65
(Petersen et al., 2014). A recent meta-analysis by Petersen et al. (2018) and
colleagues reported prevalence for population-based MCI between 3.2% - 42.0%
(for both overall MCI and amnestic MCI), which is comparable to the prevalence
reported in another meta-analysis (3-42%) conducted by Ward, Arrighi, Michels,
and Cedarbaum (2012). Similarity between meta-analyses is explained, in part, by
overlapping studies.

MCI generally increases with age (Petersen et al., 2018), a notion that has been
supported in multiple research studies (Manly et al., 2005; Ravaglia et al., 2008;
Roberts et al., 2014; Solfrizzi et al., 2004; Trittschuh et al., 2011). Petersen et al.
(2018) reported the following prevalence estimates for age groups 60-64: 6.7%, 65-
69: 8.4%, 70-74: 10.1%, 75-79: 14.8%, 80-84; 25.2%.

Regarding sex-differences in MCI estimates, the literature provides an ambiguous
picture, with some studies finding higher overall MCI prevalence for women
(Artero et al., 2008; Lee et al., 2009) and some for men (Annweiler et al., 2012;
Guaita et al., 2015; Petersen et al., 2010). A meta-analysis conducted by Au, Dale-
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McGrath, and Tierney (2017) that included 56 studies, reported no sex-differences
for overall MCI prevalence, but observed a significantly higher prevalence among
women for non-amnestic MCI.

Incidence estimates of MCI

The average incidence rate of MCI (using the expanded Mayo Clinic criteria) for
individuals over 65 was reported in Ward et al. (2012) to be 47.9 per 1000-person
years (range: 21.5-71.3), and rates for aMCI ranged from 8.5 to 25.9 per 1000-
person years. Higher incidence rates have however been reported by Luck, Luppa,
Briel, and Riedel-Heller (2010): 76.5 (CIL: 64.7-90.4) and Brodaty et al. (2013):
104.6 per 1000-person years (CL:81.6-127.7).

Incidence rates are reported to increase with age in some studies (Luck et al., 2010;
Roberts et al., 2014; Solfrizzi et al., 2004) and others report no age effects on
incidence (Brodaty et al., 2013; Busse, Hensel, Githne, Angermeyer, & Riedel-
Heller, 2006; Larrieu et al., 2002; Ravaglia et al., 2008). A very recent meta-analysis
reported incidence per 1000 person-years (95% CI) for the following age-
categories: 22.5 (5.1- 51.4) for 75-79 years, 40.9 (7.7-97.5) for 80-84 years, and
60.1 (6.7-159.0) for 85 + years (Gillis, Mirzaei, Potashman, Ikram, & Maserejian,
2019). Regarding sex-differences in MCI incidence, some studies have found higher
incidence for men (Brodaty et al., 2013; Ravaglia et al., 2008; Roberts et al., 2014)
and some for women (Luck et al., 2010; Tervo et al., 2004). The meta-analysis by
Au et al. (2017) detected no sex-differences for amnestic, non-amnestic or overall
MCI. However, the authors did observe higher incidence rate ratios for men than
women in all the examined studies.

Variation in estimates of MCI occurrence due to the applied
operationalisation

Depending on the operationalisation applied to define MCI prevalence, estimates
have been found to vary between 11% and 92% (Trittschuh et al., 2011) and
incidence rates range between 23.5 and 104.6 per 1000 person-years (Brodaty et al.,
2013). One operationalisation principle involves deciding how many impaired test
scores are required for the classification of objective cognitive impairment. MCI
studies differ in this respect, leading to disparities in prevalence and incidence
estimates reported in the literature. For instance, the Mayo Clinic definition only
requires one impaired test score, whereas Jak/Bondi require two (Bondi et al., 2014).
A prevalence of 24% was reported using the Jak/Bondi criteria whereas when using
the Mayo Clinic criteria prevalence was 34% (Jak et al., 2016). A substantial
difference in incidence rates for one vs. two impaired test scores was shown in
Brodaty et al. (2013), 1 test: 104.6 and 2 tests: 23.5 per 1000-person years. Hence,
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more precise guidelines are warranted for the application of cognitive tests in MCI,
especially in relation to the number of tests to determine impairment.

MCI trajectory and reversion to normal cognition

MCI can follow different evolutionary trajectories (Diaz-Mardomingo, Garcia-
Herranz, Rodriguez-Fernandez, Venero, & Peraita, 2017).

a) Progressive - over time the MCI diagnosis progresses to dementia
b) Stable MCI - over time the MCI diagnosis remains the same, with
impairment in the same cognitive domain or changing domains

c) Unstable - over time the MCI diagnosis fluctuates, going back and
forth between normal cognitive functioning and cognitive impairment

d) Reversion - recovering from MCI and being considered cognitively
intact

See Figure 3 for a visual description of MCI trajectories.

Progressive

a) MCl Dementia
Stable

b) = MCI MCI MCI
Unstable

c) | MCI NCI —— MCI /Dementia

Reversion

d) = MCl NCI

OVER TIME ——™

Figure 3.
This is an overview of four possible trajectories of MCI. Abbreviations: MCI = Mild Cognitive Impairment, NCI = No
Cognitive Impairment

The first alternative (a) represents the primary purpose of the MCI concept and
annual rates of progression from MCI to dementia (all types) is reported to be 6-
15%. The magnitude of the progression rate is partially dependent on whether the
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sample is from a population or a memory clinic (Petersen, 2011). For example, a
meta-analysis examining 41 studies found an annual progression rate of 10% in
clinical samples and 5% in community samples (Mitchell & Shiri-Feshki, 2009). In
addition, Petersen et al. (2018), in a meta-analysis of nine high quality population-
based articles, described an increased risk of conversion to dementia for MCI
participants in comparison to MCI-free and age-matched participants. In the same
article, cumulative progression rates from MCI to dementia over 2 years for
individuals 65+ was 14.9% (CI:11.6%-19.1%). The size of the annual progression
rate suggests that the MCI trajectory is no straight path to dementia, with the
majority of individuals either remaining stable, unstable, or reverting back to normal
cognitive status.

There is evidence suggesting that the smallest group progresses to dementia and the
largest remains stable MCI (b in Figure) (Pandya, Clem, Silva, & Woon, 2016).
Stability estimates using the expanded Mayo Clinic MCI definition from both
European, Asian, Australian and American population-based studies are reported to
be between 37%-67% (Pandya et al., 2016). Interestingly, of those who remain
stable MCI over time, some of these individuals switch between MCI subtypes (e.g.
from amnestic MCI to non-amnestic MCI) (Aerts et al., 2017; Han et al., 2012). The
two remaining MCI trajectory groups are the unstable group and the reversion
group. The unstable group (c in Figure) is a remarkable group, as they revert back
to normal cognition and then retransition to MCI or progress to dementia. Few
studies have described this unstable trajectory. Lopez et al. (2012) found that 10.5%
of their sample from the Cardiovascular Health Study-Cognition Study had an
unstable MCI trajectory. Similarly, Roberts et al. (2014) reported that 65% of those
that reverted back to normal cognitive functioning re-transitioned to MCI at follow-
up. This indicates that it is fairly common to fluctuate in MCI diagnosis. Moreover,
this unstable group has a higher risk of progressing to dementia in comparison to
those who have never had an MCI diagnosis (Lopez et al., 2012; Roberts et al.,
2014).

The last alternative (d in Figure) concerns reversion from MCI to normal cognitive
status at follow-up. Reversion rates of 29% (Canevelli et al., 2016) and 26.4%
(Petersen et al., 2018) for overall MCI in population-based samples have been
documented, ranging from 4-58%. For amnestic MCI Malek-Ahmadi (2016)
discovered that 31% reverted back when examining 17 population-based studies.

Despite the reversion group being the second largest group among alternative
trajectories for MCI, few studies have had the primary focus on reversion and factors
associated with reversion (Canevelli et al., 2016; Malek-Ahmadi, 2016; Pandya et
al., 2016). Moreover, clinicians need a diagnostic tool that can accurately identify
individuals at a prodromal stage of dementia but can also identify individuals with
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a favourable prognosis. The coming sections will discuss factors associated with
reversion.

Factors tied to reversion

In comparison to predictors (risk factors) of dementia progression, very few studies
have focused on predictors of MCI reversion. The first study that actually focused
on factors associated with reversion was conducted by Koepsell and Monsell (2012)
using a sample from the National Alzheimer’s Coordinating Center, aged 65 and
over, with a follow-up of one year. Results showed that 20% progressed to dementia,
64% had stable MCI and 16% reverted. They found that factors associated with
reversion were: younger age, absence of self-and/or informant reported cognitive
decline, higher global functioning, lower scores on The Clinical Dementia Rating
Scale Sum of Boxes and lower scores on The Functional Activities Questionnaire,
non-amnestic single domain subtype, and no Apolipoprotein €4 allele (APOE &4
allele). The abovementioned reversion factors have further been confirmed, and new
predictors have been exposed when reverters are compared to non-reverters or
dementia progressors.

Person based factors, such as physical health status or demographics have been
found to predict reversion. For example, younger age, the male sex, higher and
lower education and having life partner as well as being single are examples of
person-based factors tied to reversion (Aerts et al., 2017; Han et al., 2012; Pandya,
Lacritz, Weiner, Deschner, & Woon, 2017; Roberts et al., 2014; Sachdev et al.,
2013; Tokuchi et al., 2014). In addition, good global cognitive functioning (e.g.
higher scores on MMSE), better performance on neuropsychological test,
improvement of depression, openness to experience as a personality trait, and better
smelling/vision ability have also been seen to be associated with reversion (Han et
al., 2012; Koepsell & Monsell, 2012; Pandya et al., 2017; Park et al., 2015; Roberts
et al., 2014; Sachdev et al., 2013; Sugarman, Alosco, Tripodis, Steinberg, & Stern,
2018). Biological factors associated with reversion are larger drop in diastolic blood
pressure (Sachdev et al., 2013), greater hippocampal volume (Park et al., 2015;
Sachdev et al., 2013) or lack of the APOE &4 allele (Pandya et al., 2017; Park et al.,
2015; Roberts et al., 2014).

Other predictive factors that are more related to the diagnostic criteria applied have
also been suggested. For instance, absence of self or informant complaint and using
liberal MCI criteria to classify MCI (Sachdev et al., 2013), single domain (Han et
al., 2012; Roberts et al., 2014; Sachdev et al., 2013), and non-amnestic MCI
(Roberts et al., 2014). In addition, the misdiagnosis of MCI caused by the usage of
inappropriate normative scoring, e.g. bracket creep: moving into a higher age group
with lower norms, has been proposed (Aerts et al., 2017), but not yet studied.
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Aims

The overall aims of the studies were

Paper 1

To inspect to what extent variations in testing setting factors, such as using multiple
test administrators to collect data, could influence participants’ cognitive test
performance.

Paper 11

To explore birth cohort effects on test performance that measure multiple cognitive
domains and examine whether level of education could explain the observed effects.

Paper 111

To report prevalence and incidence of mild cognitive impairment across age, sex
and subtypes and investigate how different operationalisations of cognitive
impairment could influence MCI estimates.

Paper IV

To investigate the trajectory and reversion of mild cognitive impairment using a 6-
and 12-year period and assess factors for reversion from MCI to normal cognitive
functioning.
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Methods

The Good Aging in Skéne study

Participants for all four papers were sampled through the Good Aging in Skine
study (GAS: Gott Aldrande i Skine), which is an ongoing longitudinal study in the
southern part of Sweden, covering five municipalities including both rural and urban
areas (Ekstrom & Elmstahl, 2006). GAS is one of four participating sites in the
Swedish National Study on Aging and Care (SNAC) (Lagergren et al., 2004). In
2001 (Wave 1), men and women aged 60, 66, 72, 78, 81, 84, 87, 90, 93, 96, 99 were
invited by letter and at random from the general population using the National
Population Registry. Non-respondents were contacted again by letter or telephone,
and those unable to come to the test centre were primarily offered home visits and
secondarily telephone interviews. Participants younger than 78 years of age were
invited back for re-examination every six years and for participants older than 78
every three years. In addition, new participants aged 60 and 81 were recruited in
2007 (Wave 2), 2012 (Wave 3) and in 2018 (Wave 4) and the last wave is ongoing.
Each examination took 2-3 years to complete, and so far, examination Wave 1 has
five completed follow-up examinations, with the sixth ongoing. Wave 2 has four
follow-up examinations, with 12-year examination data currently being collected
and Wave 3 has two follow-up examinations with 6-year examination data being
collected. See Figure 4 for study flow.

6-year 12-year 18-year

Baseline follow-up follow-up follow-up

2001

2004 2007 2010 2013 2015 2018

VZZ‘_’:; 78+ 60+ 78+ 60+ 78+ 60+

2007 2010 2013 2015 2018

e 78+ 60+ 78+ 60+

2013 TG W

e 78+ 60+

Figure 4. o
. ave

Flow chart of the GAS-study design. 60881
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This entails that the GAS study (in year 2019) has three completed examination
waves with baseline data. The participant rate for Wave 1 was 60%, and for both
Wave 2 and 3 the participant rate was 70%. During a typical full-day of examination
at one of the five test centres, a participant met four professionals: a
doctor/physician, a registered nurse, a study-trained psychological test administrator
and a medical secretary. The physician carried out an extensive health examination
including medical history and Electrocardiography and the nurse performed
functional tests, spirometry, laboratory tests, and measured anthropometrics.
Participants completed a comprehensive psychological examination during the test
administrator examination, including a cognitive test battery and interviews. The
medical secretary administrated questionnaires regarding current and former life
style, social circumstances, day-to-day functioning, diseases, and medications. A
full day of examination took about seven hours to complete for each participant.

Study samples

All samples for papers I, I, IIl and IV are taken from the GAS study and flow charts
describing study selection are presented below. The joint exclusion criteria for all
papers was to exclude participants:

o with dementia
o who did not complete a cognitive testing

o with hearing and vision issues that influenced how well they performed on
the cognitive tests

o who did not have Swedish as their native tongue and who were therefore at
risk of performing worse on Swedish-language tests than native Swedish
speakers
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Paper I: Test administrator effects

Participants included in paper I came from five examination times, including both
participants with baseline data (stemming from Waves 1, 2 and 3) and follow-up
data (re-examined participants from Waves 1 and 2). Because one participant can
exist multiple times in this sample, each data point is referred to as participant
observation rather than individual participants. See Figure 5.

Participant observations from
5 examination periods both baseline and follow-up
(N=9107)
Ages groups 60-100

Exclusion (n =2421)
- no cognitive testing
- dementia
- MMSE <24
- depression
- poor vision or hearing

- non-native speakers with language
difficulties

- incomplete data for specific tests

Participant oberservations for analyses (N =6686)
Women (n= 3602) Men (n= 3084)
Mean age = 71.3

Figure 5.
Flow chart for participant selection in paper |
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Paper I1: Birth cohort effects

Inclusion for paper II was participants the same ages, when examined, but born 5-7
years apart. Every sixth year, new participants, aged 60 and 81 are invited to partake
in the GAS-study, leading to three baseline data waves so far. Participants aged 60
were born: 1942-43, 1948-49 and 1954-55. Participants aged 81 were born: 1920-
21, 1926-27 and 1932-33. See Figure 6.

Participants from baseline waves 1, 2 and 3 (N=1507)
aged 60 and 81

Exclusion (n =340)
- dementia
- MMSE <24
- depression
- poor vision or hearing

- non-native speakers with
language difficulties

- incomplete data for
specific tests

Participants aged 60 (N =736) Participants aged 81 (N =431)

Cohort 1 (n=428) Cohort 1 (n=116)
Cohort 2 (n=97) Cohort 2 (n=115)
Cohort 3 (n=211) Cohort 3 (n=200)

Figure 6.
Flow chart for participant selection in paper Il
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Paper I11: Prevalence and incidence of MCI

Participants for MCI prevalence calculations in paper III were taken from baseline
Waves 1, 2 and 3. Wave 2 and 3 had 6-year follow-up data and therefore data for
incidence calculations were taken from these two waves. No differences in MCI
prevalence estimates were identified between the examination waves, endorsing the
decision to merge datasets. See Figure 7.

Participants from baseline Waves 1,
2 and 3 for prevalence (N=5198)

(N=3903)

Exclusion (n=1446)
-poor vision or hearing
- non-native speakers

with
language difficulties
- missing cognitive
testing data or
education

Exclusion for MCI
criteria:

- dementia

Participants from baseline
Waves 1 and 2 for incidence

Exclusion (n=714/510%)
participants with MCI at baseline or
missing data to classify as MCI or NCI

- impairment on ADL

Exclusion (n= 183/251%)
- no psychological testing

- non-native speakers with language
difficulties

- missing data to classify as MCI or
NCI

Exclusion
(n =459/510%)
drop-outs between

baseline and 6-year
follow-up

Participants for prevalence
calculations (n= 3752)

women (n=1981) men (n=1771)
Mean age = 67.5

Participants for incidence

calculations (n=1451/1536%)

Figure 7.

women (n=792) men (n=691)
Mean age = 65.7

Flow chart for participant selection in paper Ill. *lenient/strict criteria for MCI. The numbers of participants vary with the
criterion used to define MCI. Lenient criterion = at least one impaired test score in a cognitive domain. Strict criterion =
at least two impaired test scores in each cognitive domain. See section “defining MCI” for further details.
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Paper IV Trajectory of MCI

Participants for paper IV were selected from Waves 1 and 2 with 6-year follow-up
data to examine the MCI trajectory and factors associated with reversion. Inclusion
criterion was an existing MCI diagnosis at baseline. See Figure 8. For 12-year
trajectory, participants from examination Wave 1 (n=212) were selected with a 6-
year follow-up examination and a 12-year follow-up examination (no flow chart).

\ Participants from baseline Waves 1 and 2 (N=3903) |

Exclusion (n=1188)
- poor vision or hearing

- non-native speakers with

language difficulties
- missing cognitive testing

data or education
Exclusion for MCI criteria:
- dementia
- impairment on ADL

Participants with MCI Participants with NCI
(n=622) (n=2093)

Excluded (n=2917)
- drop-outs
- poor vision or hearing
- non-native speakers with
language difficulties

- missing cognitive testing data or
education

Exclusion for MCI criteria:
- dementia
- impairment on ADL

participants at 6-year
follow-up (N=331)

MCI (n=138)
NCI (n=193)

Figure 8.
Flow chart for participant selection in paper IV
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Cognitive testing procedure

The cognitive testing session was carried out by a test administrator and comprised
of 12 cognitive tests, tailored for an older population. After the tests were
administrated, participants were interviewed regarding major life events,
depression, and coping strategies. The examination took roughly 1.5 hours to
complete. A structural equation model conducted by GAS’s sister study SNAC-
Kungsholmen identified the following latent cognitive domains (Laukka et al.,
2013): episodic memory, speed of processing, semantic memory, language (word
fluency letters and categories). The remaining tests were assigned to the following
cognitive domains: visuospatial ability, attention, executive functioning (Pantzar et
al., 2014), short-term memory, working memory (Gignac, 2015) and metacognition
(Dahl, Allwood, Rennemark, & Hagberg, 2010).

Test administrators

At current there have been 25 test administrators involved in the GAS-study.
However, at the point of when paper I was conducted, there had been 21 test
administrators working with data collection, 2 men, 19 women, with a mean age of
32.8 (range: 25-50) and a median age of 30. The average duration of employment
was 2.19 years, ranging from a few months to 10 years. The minimum requirement
for employment was a bachelor degree in behavioural sciences or the equivalent.
The test administrators were trained by an experienced test administrator for at least
two weeks, and were provided with a detailed instruction handbook. Prior to testing
his/her first participant, each test administrator directed a testing session with a
mock participant. Routine check-ups of the test administrators’ execution of
cognitive test battery, together with frequent meetings with a neuropsychologist and
other test administrator have been implemented. This was to ensure standardised
administration and consistency in test scoring. To minimise expectancy effects, the
test administrators had no knowledge on how well the participant performed on
previous cognitive tests.

Time of day, test order and test version

One of three examination slots during the day was unsystematically allocated to the
participant, between 8 and 10 am, or prior to lunch, between 10 am and noon or in
the afternoon, between 1 and 3 pm. Systematic effects of fatigue due to serial testing
were minimized through the practice of administrating the cognitive testing battery
in two different orders. Also, to minimize practice effects, three different versions
for each test were provided when possible, with the participant receiving a different
version at their follow-up visit. The three versions were constructed to measure the
same cognitive ability and to be equally difficult, however slight differences
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between the tests have been identified (Laukka et al., 2013). Both test orders and
test versions were divided equally between all participants.

Cognitive tests

Episodic memory

Episodic memory was measured with a free recall and recognition test in all four
papers. The test consisted of learning a word list composed of 16 unrelated concrete
nouns (target words), with an immediate free recall trial and a forced yes/no
recognition trial (Gardiner & Java, 1993). Words were presented one by one, both
orally and visually, in a booklet for five seconds. Participants were requested
immediately after the presentation to remember as many words as possible. For the
self-paced recognition task, the 16 target words intermixed with 16 interference
words and were presented in a booklet. Test assessment for free recall was the total
number of correctly recalled words, with a maximum score of 16. For paper 1, d-
prime was used for test score assessment. For papers II, 11l and I'V recognised words
(hits) minus false hits were used (Laukka et al., 2013). A five-item recall task
(Hagberg, Bauer Alfredson, Poon, & Homma, 2001) was also used to assess
episodic memory in papers III and IV. During the medical examination five
common items (e.g. key or paper clip) were placed in front of the participant, and
he/she was requested to remember the items after 10-15 minutes. Three or less
recalled items was considered a pathological score (Hagberg et al., 2001).

Speed of processing

To measure speed of processing in all four papers, the pattern comparison task
(Salthouse & Babcock, 1991) and the digit cancellation task (Zazzo, 1974) were
used. The pattern comparison task consisted of two separately administered pages,
with 30 pairs of line-segment patterns, half of which were identical and half
different, divided equally into two columns on each page. The participant was asked
to identify as many identical line-segments as possible during 30 seconds for each
page respectively. The digit cancellation task consisted of one page with 11 rows of
digits, ranging from 1 to 9, with one isolated practice row at the top of the page.
There were 43 ‘4’s and the participant had 30 seconds to cross over as many of these
as possible. Test score assessment for pattern comparison was the total number of
correctly classified patterns from two pages divided by two, and for digit
cancellation was the total number of correctly crossed over digit ‘4s.

Semantic memory

In paper 11, a vocabulary test (Dureman, 1960) and a general knowledge test (Dahl
et al., 2010) were used to measure semantic memory. For the vocabulary test,
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participants were requested to select synonyms for 30 words from five alternatives
for each word. Test score assessment was the total number of correct synonyms
during seven minutes. The general knowledge test was comprised of ten general
knowledge questions (e.g. What is the capital of Uruguay?), with a multiple choice
of two answers. Test score assessment was the total number of correct answers.

Language

Language in papers II, III and IV was measured with two verbal fluency tests
(described in Strauss, Sherman, & Spreen, 2006; Tombaugh, Kozak, & Rees, 1999):
letters (phonemic fluency) and categories (semantic fluency). For letter fluency,
participants were requested to generate as many words as possible beginning with
the letter A and then F, during 60 seconds respectively. For the categorical word
fluency, participants were required to produce as many animals/work professions as
possible during 60 seconds. Test assessment was the total number of words from
the two tasks (A&F) or (animals and professions) divided by two.

Attention and executive functioning

A shortened version of the trail making A (TMT-A) created for SNAC (Pantzar et
al., 2014; Reitan & Wolfson, 1985) was used to measure attention in paper II. TMT-
A consisted of a piece of paper with 13 circles, where each circle had a number in
it. The participant’s task was to draw a line between the circles in ascending
numerical order (e.g. 1-2-3) as quickly as possible. A shortened version of the trail
making test B (TMT-B) created for SNAC was used to measure executive
functioning in paper II. Here again, 13 circles were presented on a piece of paper,
this time with numbers and letters in the circles. The participant’s task was to
connect the circles in alternating numerical and alphabetical order (e.g. 1-A-2-B) as
quickly as possible. Test score assessment was the completion time measured in
seconds for the 12 correct connections.

Short-term memory and working memory

Short-term memory and working memory in paper II were measured with digit span
forwards and digit span backwards, respectively. The task digit span used in GAS
was based on the digit span tests described in Manual for the Wechsler Adult
Intelligence Scale—Revised (Wechsler, 1981). For digit span forward, participants
were requested to repeat a series of single digits in the correct order after the test
administrator presented them orally to the participant (e.g. 1-2-3). Digit span
backwards was the same procedure, but the participant was to recall the digits in the
reverse order (e.g. 1-2-3 and response 3-2-1). Test score assessment for digit span
forwards and backwards was the total number of recalled digits (minimum 2 and
maximum of 9 digits) in the last correctly recalled series (minimum 2 and maximum
7 series).
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Metacognition

An accompanying task to the general knowledge test mentioned previously was
used to measure metacognition in paper II. This task requested the participants to
make confidence judgements for their answers on the ten questions in the general
knowledge test. For each question, the participants specified how confident they
were that their answer was correct by selecting a percentage between 50-100. The
selection of 50% meant that they had completely guessed and 100% meant that they
were 100 percent certain that their answer was correct. Test score assessment was a
calibration formula by Dahl et al. (2010), which takes both the total number of
correct answers and the participant’s confidence judgements into consideration.
Dahl et al. (2010) reported a high internal consistency for this task (Cronbach’s
alpha of 0.78).

Visuospatial ability

Visuospatial ability was measured using a mental rotation test (Rehnman & Herlitz,
20006) in papers L, II, III and I'V. Figures of the Shepard and Metzler type (Shepard
& Metzler, 1971) were presented in a booklet. There were ten series of four two-
dimensional figures. Each series comprised one original figure positioned to the left
of three figures and one of the figures to the right was the same as the original figure
but rotated. The participant’s task was to correctly identify the rotated figure to the
right as quickly as possible. Two aspects of this task were used for test score
assessment: speed and accuracy. Speed was measured by the total number of
seconds it took for the participant to point at the correct figure when controlling for
the difficulty level of that specific rotation series. Accuracy was measured by the
total number of correct answers (maximum 10), divided by the number of series the
participant completed (maximum 10). Most participants completed all 10 tasks.

Depression

At the end of the testing session, the Comprehensive Psychiatric Rating Scale
(CPRS) was used to assess the participant’s levels of depression (Montgomery &
Asberg, 1979). Ten questions, with a scale from 0-6, were used to assess aspects of
depression such as: sadness, anxiety, concentration and sleep deprivation. Scores
between; 35-60 were considered severe depression, 20-34 moderate depression, 7-
19 mild depression and under 7 no depression (Snaith, Harrop, Newby, & Teale,
1986). The CPRS has repeatedly been used to assess depression in elderly
populations (Béckman, Hill, & Forsell, 1996; Pantzar et al., 2014). In papers I and
II moderate and severely depressed participants were excluded. In papers III
depression was used as a descriptive factor. In paper IV, depression was used as a
predictive factor for MCI reversion.
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MMSE

The mini-mental state examination (MMSE) (Folstein et al., 1975) is one of the
most popular cognitive screening instruments used and is commonly used as a
measure of global functioning. Participants are requested to perform tasks
measuring orientation, attention, recall, language and spatial ability, with a
maximum possible score of 30. Participants with MMSE scores of <24 (Tombaugh
& Mclntyre, 1992) were excluded in papers I and II. In paper IV MMSE-scores
were used as a predictive factor for reversion.

Concentration and motivation

The level of concentration and motivation of the participant when performing the
tests was assessed qualitatively by the test administrator. The participant was
assessed to either have good, moderate or bad concentration/motivation. In Paper
IV moderate and bad concentration were merged into one factor characterising bad
concentration.

Other measurable concepts

Education

The participant’s level of education was determined using two methods. In papers I
and II, education was defined by the total number of years the participant had
attended school, school included all formal education. This information was
obtained during the test administrator interview. In papers II, III and IV education
were defined categorically, with three levels of education: primary school,
secondary school and university degree.

Dementia

Dementia was diagnosed by the examining physician according to the Diagnostic
and Statistical Manual of Mental Disorders-IV criteria. This definition includes the
development of several cognitive deficiencies manifest by: (1) impairment in
memory and (2) at least one of the following cognitive disturbances: (a) aphasia
(language disturbance) (b) apraxia (impaired capability to carry out motor activities
despite intact motor function) (c) agnosia (inability to identify objects despite
undamaged sensory function) (d) disturbance in executive functioning (i.e.,
planning, organising or the ability to use abstract reasoning) and (3) that the
cognitive deficiencies significantly impair the persons social or occupational
functioning and signify a substantial deterioration from the previous level of
functioning. Evaluation of deficits in memory or other cognitive areas are based on:
results on MMSE, the five-item test, Crooks screening scale (Crook et al., 1986)
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and the Clinical dementia Rating (CDR) (Hughes, Berg, Danziger, Coben, &
Martin, 1982). Dementia diagnosis is also based on the patient’s medical records.

ADL

A revised version of Katz’ Activities of daily living (ADL)-index (Katz & Akpom,
1976) was used to assess participants’ functional abilities in papers I1I and I'V. This
self-rated instrument was presented in a questionnaire and comprised 10 questions
measuring two functional domains, Basic Activities of Daily Living (BADL) and
Instrumental Activities of Daily Living (IADL). BADL involves questions
regarding self-maintenance functions such moving to and from the bed, eating self-
reliantly, getting dressed and undressed, using the bathroom/toilet and having issues
with incontinence. Whereas, IADL involves questions concerning grocery
shopping, cooking food, heavier household chores and transportation. If the
participant requires assistance when performing one of these daily functions then
the participant is considered dependent in their daily activities. In papers Il and IV,
participant’s with dependency in BADL and IADL were excluded from the MCI
groups. A minimal dependency in IADL (a score of 0-1 out of 4 questions on [ADL)
was considered acceptable in the MCI group as it is common for persons with mild
MCI to present problems with IADL (Petersen et al., 2014).

Defining MCI

Mild cognitive impairment in papers 11l and [V was defined based on the expanded
original Mayo Clinic criteria (Petersen et al., 2014): 1) subjective and/or informant
cognitive complaint was defined by the participants themselves or by the examining
physician; 2) normal functional ability was defined by the Katz’s ADL scale
mentioned above; 3) absence of dementia defined by the examining physician using
DSM-1V and medical records; and 4) objective cognitive impairment was defined
was impairment in one or more cognitive domains relative to normative data. The
number of cognitive tests in which cognitive domain that were used to define
cognitive impairment are found in Table 3. Normative scores for the cognitive tests
were generated using a sample from the GAS sister study in Blekinge (SNAC-
Blekinge) and 20% of randomly selected participants from the GAS baseline sample
(Wave 1). The two samples were comparable concerning test scores in the particular
cognitive domains, which provided reassurance regarding the validity of the
decision to merge of the two samples. A test score below the 7" percentile, corrected
for age, sex and education, was considered an impaired test score. When assuming
distribution normality, the 7" percentile equates to 1.5 standard deviations below
the mean.
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Table 3.
Number (n) of tests used to measure each cognitive domain and the number of tests required for the lenient or strict
criterion

Memory (3) 1 2
Speed of processing (2) 1 2
Verbal (2) 1 2
Spatial (1) 1 2

Note. If 2 or more test scores in each relevant domain are impaired then the case is considered strict MCI. If at least 1
test score in each relevant domain is impaired, then the case is considered lenient

Further, four subtypes depending on number and type of cognitive impairment were
applied: Amnestic MCI single domain (aMCls), Amnestic MCI multiple domain
(aMClIm), non-amnestic MCI single domain (naMClIs) and non-amnestic MCI
multiple domain (naMCIm). See Figure 9 for implementation of MCI in papers 111
and [V. In paper III, two criteria regarding severity of impairment were applied, a
lenient and a strict criterion. For the lenient criterion at least one impaired test score
in a cognitive domain was required and for the strict criterion the requirement was
at least two impaired test scores. In paper III and IV, the lenient/strict criteria were
used to quantify less severe/severe MCI.
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Dementia or basic or instrumental functional
impairment?

NO YES

v

Excluded

Cognitive concern by the participant/physician and objective
impairment in one of the following domains: memory, speed of
processing, language, visuospatial abilities?

v

YES NO

A4

NCI group

’ Overall MCI ‘

'

’ Memory impairment (test score below norm on memory test)? ‘
YES l NO l
Amnestic MCI Non-amnestic MCI

More than one impaired cognitive domain? ‘ ’ More than one impaired cognitive domain? ‘
NO YES NO YES
Amnestic MCI Amnestic MCI Non-amnestic MCI Non-amnestic MCI
single domain multiple domain single domain multiple domain
(aMClIs)* (aMCIm)* (naMCIs)* (maMCIm)*

Figure 9.

Note. Abbreviations: NCI: No cognitive impairment. NCI: all scores are over normal cut-off, for participants with
missing scores on tests they have to score < 27 on the mini-mental state examination to classify as healthy
(Tombaugh & Mclntyre, 1992). *The participant is additionally divided into lenient or strict criteria of the MCI subtype.
Lenient criteria: at least one impaired test score in each relevant domain. Strict: at least two impaired test score in
each relevant domain.

Ethical considerations

The studies included in this thesis are all part of the GAS-project which has been
approved by the regional Ethics committee of Lund University, Sweden. The
registration number is LU 744-00 and the approval was conducted following the
guidelines of Declaration of Helsinki developed by the World Medical Association.

All participants provided written consent and were informed that they had the right
to withdraw at any time. The anonymity was ensured through the application of
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individual serial numbers for each participant. This serial number could not be
traced back to the person by the researcher.

GAS-participants are exposed to a small amount of risk of psychological strains.
The participant is namely asked personal questions about depressive symptoms and
negative major life events which may provoke sadness. Moreover, participants may
react on the personal inquisition, and not want to discuss personal experiences with
someone they do not know. The research personnel are trained in dealing with these
delicate situations, where they assure the participant full anonymity and that their
answers are not traceable back to their names, that they can terminate the
examination at any time and that they do not have to share anything they do not
want to. Often, this is enough to sooth the situation and make the participant feel
comfortable. What is more, to perform cognitive tests could be a hurtful
psychological experience, where the participant experiences that they did not
perform well on the tests and realise that their mental abilities are not what they used
to be. The benefit of participating is then that if there is a mental deterioration then
the participant is remitted to the memory clinic or their general practitioner for
further examination.

Statistical methods

Table 4 demonstrates the statistical procedures applied in the four papers together
with outcome variables and predictor variables.

In paper 1, a series of mixed linear models’ analyses were performed, as we judged
that this form of analysis was necessary given the structure of the data and that our
primary purpose was to investigate whether there was variance in participants’ test
scores attributable to the test administrator. Mixed models should be used when
dependency in the data is present. Participants’ test scores may not be independent
when guided by the same test administrator. Similarly, the scores coming from the
same participant at different occasions may be dependent. Therefore, ‘test
administrator’ and ‘participant’ were included as random effects. We used restricted
maximum likelihood estimation to derive parameters as our main focus was on
producing accurate estimates of random variances rather than using the maximum
likelihood that produces more accurate estimations for fixed effects (Twisk, 2006).

In paper II, differences in test results across birth cohort were investigated using
one-way ANOVAs. Pairwise differences between birth cohorts were analysed using
post-hoc multiple comparisons and linearity of cohort trends was investigated using
suitable contrast tests. To investigate the role and impact of education on cohort
effects, two (cohort 1 vs. cohort 2 and cohort 1 vs. cohort 3, respectively) one-way
ANOVAs without education were run, followed by two 2-way ANOVAs with
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adjustment for education categorically and lastly two 2-way ANCOVAs were run
adjusting for education continuously.

In paper III, crude incidence was calculated using the following formula
1000[cases/person-years]. To investigate effects of age and sex on incidence rates,
a Poisson regression analysis was chosen.

In paper IV a series of logistic regressions were run to examine factors related to
MCI reversion.

Normative scores for classification of cognitive impairment in paper Il and IV were
generated through quantile regression modelling with age, sex and level of
education as predictor variables. Quantile modelling was applied to overcome issues
of skewed data and issues of equal variance between groups of age, sex and
education (Sherwood, Zhou, Weintraub, & Wang, 2016).

For our statistical evaluation of main effects, a p-value <0.05 was considered
statistically significant. All analyses were conducted using IBM SPSS 22 or 25 with
the exception that SAS 9.4 (SAS Institute, Cary, N.C.) was used for quantile
regression modelling for creation of normative scores in Papers Il and I'V.
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Results

Paper I

The mixed linear models revealed a significant random effect corresponding to test
administrators for all the cognitive tests (p<.01). The variation seen in test scores
ascribed to the test administrator was between 1.4%-3.5% (see Table 5).

Table 5.
Variance estimates for different tests and variance components and percentage of variance corresponding to test
administrator.

Digit cancellation

Test administrator 0.369 129 2.86 .004 2.8%
Participant 9.07 .282 321 .001

Residual 3.92 118 33.2 .001

Pattern comparison

Test administrator 1.32 437 2.82 .005 3.5%
Participant 22.3 746 29.9 .001

Residual 1.7 .355 329 .001

Free recall

Test administrator 0.065 .029 2.26 .024 1.4%
Participant 1.92 .099 194 .001

Residual 2.59 .077 33.8 .001

Recognition

Test administrator .021 .008 2.52 .012 2.6%
Participant .314 .017 184 .001

Residual 473 .014 34.1 .001

Speed of mental

rotation

Test administrator 1.64 573 2.68 .007 1.5%
Participant 27.8 .851 32.7 .001

Residual 71.6 .569 125.9 .001

Accuracy of mental

rotation

Test administrator .0006 .0002 2.49 .013* 1.9%
Participant .008 .0007 116 .001

Residual .024 .0007 34.5 .001
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Further, different testing specific factors were associated with particular cognitive
tests. There were differences between test versions for episodic memory, speed of
processing and accuracy of mental rotation (p<0.02). Morning testing was beneficial
for performance on memory tests (F=14.4, df<46.9, p<0.001), and being tested in
the afternoon was beneficial for speed of mental rotation performance (£=6.23,
df=37.6, p<0.002). Better performance scores were found when the speed of
processing task (digit cancellation: F=12.4, df=46.8, p<0.001, pattern comparison:
F=87.8, df<23.0, p<0.001) or speed of mental rotation (F=42.8, df=35.0, p<0.001)
was administrated as the second speed task in the test battery. Participants that were
tested at home performed worse on both speed of processing tasks and memory tasks
compared to the participants that were tested at the research centre (p<0.001).
Participants with previous experience of cognitive testing (a form of practice effect)
performed better (p<0.05) on test with a speed component in comparison to those
who had no prior experience.

Paper 11

Birth cohort effects on test performance

ANOVAs evaluated test score difference on 12 cognitive tests among three birth
cohorts for the 60- and 81-year-old groups. There were differences in cognitive test
scores between birth cohorts in both the 60- and 81-year old groups. Differences
were found for tests measuring speed of processing (digit cancellation and pattern
comparison) and attention (TMT-A). Exclusively for the 60-year old groups,
differences between cohorts in test scores of executive functioning (TMT-B),
vocabulary, free recall, and recognition were observed. Means and medians were
higher (indicating better performance) for cohort 2 and 3 in comparison to cohort 1
and post hoc tests (pairwise analysis) confirmed that this was the case where no
significant differences between cohort 2 and 3 were observed. On further
examination, using a contrast analysis, for 5 of 9 tests there was a non-linear trend
where differences between cohort 1 and 2 appear to be unequal to differences
between cohort 2 and 3. The results are presented in Table 6.
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Table 6.
Analysis of Variance (ANOVAs) for differences in test scores between birth cohorts for 60- and 81-year-olds and for
each cogntive test, pairwise comparisons with Hochberg GT2 corrections

Cognitive Welch (df1,df2) MS Cohen’sd  Mean Mean Mean t (df)

test difference  difference  difference

Episodic memory

Free recall

60 3.78%(2,252) 175 0.19 -443° -.002 -.445* -.881 (124)
81 .594 (2,253) 271 0.14 -.26° .008 -.252 -.617 (239)
Recognition

60 2.99 (2, 252) 19.7 0.18 -.616 .248 -.369 -1.55 (723)
81 .200 (2,235) 172 0.06 -.079 .034 -.046 -.167 (415)
Speed of processing

Digit

cancellation

60 6.66"* (2,249) 104 0.25 -1.39** .535 -.858" -2.22 (732)*
81 3.54* (2,243) 46.1  0.24 -1.27* .647 -.622 -2.43 (424)*
Pattern

comparison

60 14.5%** (2,262) 124 0.38 -1.31%* .201 -1 11 -2.3 (731)*
81 3.08* (2,249) 299 0.25 -.826 -.037 -.863* -1.17 (422)
Attention TMT-A (in seconds)

60 9.3*** (2,267) 128 0.32 1.24* -.003 1.24*** 1.44 (678)
81 4.61** (2,217) 181 0.31 2.02 .308 2.33** 1.22 (390)
Executive functioning TMT-B (in seconds)

60 13.8*** (2,247) 760  0.43 3.87*** -714 3.16%**° 3.18 (142)**
81 .833 (2,100) 207 0.18 .879 2.35 3.23 -.285 (203)
Semantic memory

Vocabulary

60 3.81* (2,262) 732 0.20 -1.35* 1.23 -.124 -2.67 (144)*
81 .839 (2,250) 244 0.13 .557 .260 .816 -.248 (426)
General

knowledge

test

60 499 (2,249) 1.23 0.06 -.058 .168 .110 -.633 (733)
81 .246 (2,233) .552 | 0.06 -.009 .106 .097 -.345 (424)

Note. 60: participants were aged 60 at testing occasion. 81: participants were aged 81 at testing occasion. *p < 0.05
**p <0.01, ***p <0.001. Abbreviation: MS = Mean Square
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Table 6 continue.

Cognitive Welch (df1,df2) MS Cohen’sd  Mean Mean Mean t (df)

test difference  difference  difference

Word fluency

Categories

60 1.26 (2,260) 282 0.1 -476 -118 -.595 -.344 (729)
81 .031 (2,240) .614  0.00 -.028 120 .091 -.150 (424)
Letters

60 1.63 (2,260) 36.0 0.13 -.684 .073 -611 -.719 (729)
81 .341 (2,249) .614 | 0.00 -.028 120 .091 .809 (426)

Short-term memory

Digit span
forwards

60 1.06 (2,249) 1.23 0.1 -176 134 -.042 -1.28 (728)
81 1.11 (2,247) .933 0.14 A79 -.069 .109 1.19 (421)

Working memory

Digit span
backwards
60 1.41 (2,264) 162 0.1 -.202 .160 -.042 -1.40 (725)

81 2.75 (2,247) 2.63 0.23 .027 .209 .236 -.852 (421)

Metacognition

Confidence
Jjugdement

60 173 (2,251) .001 = 0.00 -.002 -.002 -.004 .037 (733)
81 1.37 (2,239) .008 0.17 -.010 -.005 -.010 -.326 (424)

Note. 60: participants were aged 60 at testing occasion. 81: participants were aged 81 at testing occasion. *p < 0.05
**p <0.01, ***p <0.001. Abbreviation: MS = Mean Square

Education

ANOVAs and ANCOVAs (for years of education) examined the role of education
on birth cohort effects. Birth cohort effects remained significant for both tests
measuring speed of processing, attention (TMT-A), and executive functioning
(TMT-B) and test score differences were stagnant between cohort 1 and 2, and 1
and 3 respectively. The results were the same regardless of whether education was
defined as a categorical variable or as a continuous variable.
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Paper III

Prevalence

Overall MCI prevalence was 21.4% (95% confidence interval (CI) 20.1-22.8) for
the lenient criterion and 6.6% (95% CI: 5.74-7.42) for the strict criterion. No
significant sex-differences (MCI in men: 34.7%, MCI in women: 32.3%) (x*=0.324,
df =1, p= 0.299) were observed. Of the MCI subgroups, naMCls (non-amnestic
MCI single domain) had the highest prevalence (lenient: 11.5%, CI: 10.5-12.5,
strict: 5.3%, CI: 0.134-0.521) and naMCIm (non-amnestic MCI multiple domain)
had the lowest (lenient: 2.1%, CI: 1.67-2.61 strict: 0.327%, CI: 0.134-0.521). There
were significant age-differences in prevalence estimates (3> =48.1, df =3, p<0.001)

See Figure 10 and 11 below for specific prevalence of MCI stratified by age and
subtypes.

Prevalence of MCI divided proportionally by
the lenient and strict criteria and by age

categories
35
30 5.55
% 2 &7 8.28 27.8
g 20 21.2
S 15 5.49 : 19.2
(0]
10 12.9
5
0
60-69 70-79 80-89 90+
Lenient = Strict
Figure 10.

Bar chart of age-stratified prevalence of MCI divided proportionally by the lenient and strict criteria.
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MCI prevalence for subgroups
12

10

11.50

Percent %
(o]

5 4.61 23
3.18
0.535 0.417 2.14 0327

aMCls aMCIm naMCls naMClm

lenient strict

Figure 11.
Bar chart of MCI prevalence for subtypes

Incidence

The cumulative incidence was 13.9 % per 6 years (202 cases per 6 years) and the
overall incidence rate of MCI was 22.6 (CI:19.6-25.9) per 1000 person-years for the
lenient criterion. For the strict criterion the cumulative incidence rate was 5.15% per
6 years (85 cases per 6 years) and the overall incidence rate of MCI was 8.67 (95%
CI: 7.0-10.7) per 1000 person-years. For MCI subtypes, naMCls (non-amnestic
MCI single domain) had the highest incident rate (lenient: 12.5, strict: 7.04),
followed by aMCls (amnestic MCI single domain (lenient: 6.70, strict: 0.918). See
Figure 12 below for incidence stratified by age and amnestic and non-amnestic. See
Table 7 for results from the Poisson regression.
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Incidence of amnestic and non-amnestic MClI
stratfied by age

30
2
o 25
(]
T
E 20
o 15
g— 26.5
S 10 224 201
—
a

0

60-69 70-79 80+
= Amnestic B Non-amnestic Total
Figure 12.

Bar chart of Incidence of amnestic and non-amnestic MCI stratified by age
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Paper IV

Trajectory and reversion of MCI

Over half of the participants (58%) with MCI reverted back to normal at 6-year
follow-up. Of those with stable MCI, 43.5% remained within their subtype and
56.5% changed subtype. Of those who changed subtype, 16.7% went from single to
multidomain whereas 20.5% went from multiple domain to single domain. 25.6%
changed from amnestic to non-amnestic subtype and 37.2% changed from non-
amnestic to amnestic. Of notice, of those in the latter conversion group, 62.1%
further added an amnestic component to their MCI classification (i.e. single non-
amnestic to amnestic multiple domain).

Our 12-year data revealed that of those participants with MCI at baseline and 12-
year follow-up, 48.5% transitioned back to normal cognitive functioning at 6-year
follow-up (unstable trajectory), whereas the remainders (51.5%) had a stable MCI
trajectory throughout the 12-year examination period.

Factors tied to reversion

Five separate logistic regression models were run, including sets of factors
associated with either demographical factors (model 1), psychological status (model
2) testing session factors (model 3) or MCI criteria (model 4). The fifth and final
logistic regression model included the significant predictors found in the
aforementioned analyses. The four first models found that lower age, better global
functioning, good concentration and single domain MCI were associated with
reversion. The same factors were also significant predictors of reversion in the fifth
model. See Table 8 for results from the fifth and final logistic analysis.
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Table 8.

Results from the final logistic regression analysis with reversion as outcome

Factors

Demographical

factors

sex male
female

Age groups 60s
70s
80+

Global cognitive MMSE

functioning

Psychological

status

Concentration Good
Bad

Single or multiple Single

domain

OR exp(b)

.820
Oa
2.19
3.1
Oa
1.15

2.49
Oa
4.98

95% Cl

.513-1.31

1.08-4.43
1.27-7.62

1.03-1.29

.992-6.23

2.22-11.1

p-value

409

.030*
.013**

.018*

.052*

.000***

Note. p<0.001.MMSE= Mini mental state examination. 0a= reference group, *p < 0.05,

**p <0.01, ***p < 0.001
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Discussion

Summary of main findings

The main finding of paper I was the quantification of variation in participants’ test
scores due to the factor corresponding to the test administrator. This is interpreted
as test administrator influence, and was seen for tests measuring episodic memory,
speed of processing and spatial ability. Secondary findings included enhanced
memory scores for morning examinations, differences in test scores attributable to
test versions and order of test administration, individuals tested at home performed
poorer than those tested at the clinic, and finally, previous experience of cognitive
testing (practice effects) was beneficial for performance on tests with a speed
component. The main findings of paper Il were that later born cohorts (cohort 2 and
3) outperformed the earlier born cohort (cohort 1) for tests measuring speed of
processing and attention. Level of education could not fully explain cohort related
gains. Papers I and II provide evidence for instrumentation and cohort effects on
participants’ test scores, thus concluding that threats to internal validity are tangible
concerns in ageing studies that examine cognition.

The papers examining mild cognitive impairment found that =20% of the sample
aged 60 and over had some form of MCI and =7% had MCI according to the strict
criterion for cognitive impairment (two impaired test scores). Incidence for overall
MCI was 22.6 and 8.67 per 1000 person-years, for the lenient and strict MCI
criterion respectively, which is comparable to what is reported in other MCI studies.
No sex differences were found for occurrence of MCI. Prevalence of MCI increased
with age. However, age-effects on incidence rates were inconclusive. Over half of
the participants with MCI at the initial examination were classified as cognitively
intact (reverters) at 6-year follow-up. A little over half of the non-reverters (e.i.
stable MCI) changed their subtype classification. The reverters had lower age, better
global functioning, better concentration and single domain subtype (vs. multiple
domain) at baseline assessment compared to those with stable MCI. Interpretations
of the results from these two latter papers are that prevalence and incidence
estimates are highly dependent on which operationalisation of cognitive impairment
is applied and that MCI is a fairly unstable diagnostic entity with a substantial
number of individuals with MCI reverting back to normal or changing subtype.
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Interpretation of results

Test administrator influence

The focus of paper I was to investigate test administrator influence on cognitive
testing. There was variation seen in participants’ test scores attributable to the test
administrator, although the proportion of the total variance was interpreted as fairly
small. The small effect size could be clarified by the rigid routines that the test
administrators in GAS follow. High quality training, extensive test manuals and
meetings regarding methodological discrepancies in testing are examples of
precautions taken to minimise variability in test administration.

The enquiry as to whether cognitive testing is more vulnerable to test administrator
influence when using samples of older adults than when using younger samples has
been considered previously (Lezak et al., 2004; Sattler & Theye, 1967) but, to the
author’s knowledge, not been tested. The basis for this notion stems from the
understanding that cognitive ageing (i.e. natural decline in cognition), as well as the
common difficulties with hearing and eyesight among older adults, may interfere
with the elder’s comprehension of the test instruction, consequently leading to
departures from standardised procedures. Supplementary instructions may vary
between test administrators, either causing or amplifying systematic test
administrator influences. Therefore, it is suggested that large studies, especially
those testing older adults should routinely check for test administrator influences.

Characteristics of the administrator have been repeatedly shown in the literature to
bear partial responsibility for how well the test-taker performs on a cognitive test
(e.g Chapman et al., 2018). Lack of experience and sex of the test administrator are
examples of such characteristics. Chapman and colleagues (2018) investigated the
role of the administrator’s sex in a plethora of contexts and recurrently found in the
literature that performance, be it physical or mental, was better when the performer
was paired with the opposite sex experimenter. There were only two male test
administrators in GAS, making it difficult to draw conclusions regarding whether
the sex of the test administrator caused the observed variance. The other
characteristic of interest pertains to the amount of testing experience the
administrator has. Inexperienced test administrators make more mistakes when
reciting test instructions and when correcting tests, and they may also come across
as nervous compared to experienced ones, which can make the participant nervous
causing them to perform poorly. Previous research has provided evidence indicating
that lack of experience leads to discrepancies in test routines between test
administrators (Hoyt & Kerns, 1999). When separate analyses on our data involving
only experienced test administrators were performed, significant variations in test
scores attributable to the administrators remained (data not shown). Therefore, it is
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argued that the experience of the test administrator cannot, at least not fully, explain
our results.

Future perspectives

As the population is getting older, more cognitive testing will be carried out on this
specific population group. Future research could investigate to what extent older
adults are more prone to evoke deviation from standardised procedures, because of
difficulties in comprehension of test instructions, in comparison to younger adults.

A further research objective could involve the digitalisation of tests, which
eliminates specific test administrator influence (Germine, Reinecke, & Chaytor,
2019). Digital test-taking could also reduce other potential variation caused by
fatigue or nervousness through a method called burst testing. This entails seven days
of repeated testing through digital tests administrated via smart phones. An average
score is then assembled into one test score to gain a more accurate overview of the
level of cognitive ability (Sliwinski et al., 2018). High re-test reliability has been
found with this technique and can overcome problems such as misclassification of
cognitive impairment.

Birth cohort effects

The results from paper Il add to the existing evidence that cohort effects are
prominent in samples of older adults. The results show that speed of processing and
attention (measured with TMT-A, occasionally used as a measure of processing
speed) were the cognitive abilities most subjectable to birth cohort effects. Previous
research is consistent with these results. For example, Thorvaldsson, Karlsson,
Skoog, Skoog, and Johansson (2017), using a Swedish sample aged 70-79, found
cohort effects on test scores measuring perceptual-motor speed. Moreover,
Dickinson and Hiscock (2011) found substantial cohort related gains for normative
test scores on TMT for those aged 30-70. In addition, when examining data from
the Seattle longitudinal study, Salthouse (2015) observed gains for perceptual speed.
Nonetheless, Finkel et al. (2007) failed to find cohort effects on speed of processing
measures when examining Swedish twins aged 50 and over. Differences in test-
taking patterns may explain the observed cohort-related gains (Brand, 1996; Must
& Must, 2013), where later born cohorts have been taught to emphasise speed over
accuracy, whereas earlier born cohorts have a tendency to do the opposite. The
magnitude of observed gains in our data is comparable to previous studies with
modest effect sizes (Skirbekk et al., 2013).

No cohort differences were detected for measures of short-term memory and
working memory, coherent with previous findings (e.g. Dickinson & Hiscock, 2011;
Gignac, 2015). Additionally, no cohort differences were found for meta cognition,

62



which is a novel result as this relationship has not previously been investigated. The
instable cohort effects between analyses for episodic memory makes it problematic
to draw stern conclusions regarding whether differences between cohorts were
arbitrary or true cohort related gains.

Birth cohort effects remained significant after controlling for length and level of
education. Education has been favoured as a cause of birth cohort effects in much
research (Pietschnig & Voracek, 2015; Ronnlund & Nilsson, 2008) which makes
these results somewhat surprising. However, there are previous reports using
Swedish samples where education could not fully account for the observed effects
on multiple cognitive measures (Karlsson et al., 2015). We did not test for other
explanatory factors which makes it difficult to determine the underlying causes of
effects. Ronnlund and Nilsson (2008), using a Swedish sample, reported that over
half of the observed cohort effects were explained by level of education. Sibling size
and nutrition were secondary explanatory factors and these factors could be
applicable explanations to our results as some of our cohort samples were
overlapping in birth years. The cohort effects observed in this study highlight the
role of environmental factors on cognition and that researchers need to consider
these when establishing life-span trajectories.

Future perspectives

Cohort effects have also been proven present in prevalence and incidence estimates
of dementia (Dodge et al., 2017; Dodge, Zhu, Lee, Chang, & Ganguli, 2014;
Fratiglioni et al., 2017; Kosteniuk et al., 2016; Seblova et al., 2018) as well as in the
rate of cognitive decline (Gerstorf, Ram, Hoppmann, Willis, & Schaie, 2011;
Skirbekk et al., 2013; Thorvaldsson et al., 2017). In light of these findings, cohort
effects on estimates of MCI and whether rate of decline from MCI to dementia is
differs between cohorts could be a future direction for research.

Additionally, education is typically included in statistical models, as a mediating
variable, to eliminate unwanted cohort effects in cognitive cross-sectional data.
Though, the results from paper II, and other studies, indicate that this procedure is
not always sufficient (Dodge et al., 2014; Karlsson et al., 2015). Thus, it is
imperative for researchers to continue to search for potential factors explaining
cohort related gains, in order to fully utilise cross-sectional data in ageing studies.

Mild Cognitive Impairment

Prevalence and incidence

Our prevalence estimates are within the previously reported 3.2-42% (Petersen et
al., 2018; Ward et al., 2012) and our lenient prevalence estimate is similar with
average estimate of 18.9% reported by Petersen et al. (2014) in a sample of adults

63



aged 50 and over. Incidence rates for overall MCI were also within the previously
reported 3.2-104.6 per 1000 person-years (Luck et al., 2010; Manly et al., 2008;
Roberts et al., 2014; Solfrizzi et al., 2004). When combining single and multiple
domain amnestic MCI, incidence rate for aMCI was 8.6 per 1000 person-years,
which is below the estimate of 14.2 reported another study using GAS-participants
(Elmstahl & Widerstrom, 2014). Differences in diagnostic criteria may explain
deviation in results. There were more non-amnestic measures than amnestic in our
study, which serves as an explanation of naMCI producing the highest estimates. In
addition, single domain MCI tend to generate the highest estimates (Brodaty et al.,
2013; Manly et al., 2008; Palmer, Bickman, Winblad, & Fratiglioni, 2008),
consistent with the results in our study.

The secondary aim in paper Il was to report dissimilarities in estimates of MCI
occurrence due to different criteria, and in this case, there were two criteria, a strict
(>1 impaired test score) and a lenient (=2 impaired test scores) for cognitive
impairment. A difference of 14.8 percentage points in prevalence was found.
Substantial variations in both prevalent and incident MCI for 2 vs. 1 test to define
impairment have been described previously (Brodaty et al., 2017; Brodaty et al.,
2013; Jak et al., 2016). For example, when comparing the Jak/Bondi criteria (with
a strict two tests per cognitive domain and a cut-off of >1 SD below norms) with
the Mayo Clinic/Winblad criteria (with a less strict one test per cognitive domain,
and a cut-off of >1.5 SD below norm scores) a discrepancy of 10 percentage points
of prevalent MCI was found. With this said, few studies describe criteria
discrepancies using a 1 vs. 2 test classification. The number of impaired test scores
could be a proxy for the severity of impairment and thus predict risk of future
dementia or worse cognitive status, which was the case in two studies that used a
strict criterion of two impaired scores (Loewenstein et al., 2009; Manly et al., 2008).
Contradictory to this, Jak et al. (2016) failed to find a difference in the prediction of
future dementia between the Jak/Bondi criterion or the Petersen/Winblad criterion.
Moreover, paper 1V did not find an association between stable MCI and the strict
criterion.

Age and sex

Age patterns for prevalence and incidence estimates were inconclusive. Consistent
with previous studies, prevalence of MCI increased with age, with the lowest and
highest prevalence found for the 60 and 90+ groups respectively. Remarkably, no
steady increase per ascending age group was observed, which is contradictory to the
conclusion from Petersen et al. (2018) and Gillis et al. (2019) meta-analyses and
several other studies (Caracciolo et al., 2008; Luck et al., 2010; Manly et al., 2008).
Nevertheless, there have been reports stating that MCI does not necessarily increase
with age and it can depend on the diagnostic criteria applied. For instance,
Trittschuh et al. (2011), noted that when applying a less strict criterion (one impaired
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test score) prevalence estimates were similar across all age group. What is more,
prevalent amnestic MCI was reported to be stable across age groups in Ward et al.
(2012). Thus, the age-MCI relationship may be far more complex than suggested.
Our incidence data for different age groups are consistent with research reporting
no successive increase with age (Brodaty et al., 2013; Busse et al., 2006; Larrieu et
al., 2002; Ravaglia et al., 2008). A mixture of selection bias, the application of age
corrected normative scores and the age-bracket hypothesis (Aerts et al., 2017) may
explain why we failed to find age dependent incidence rates. Furthermore, our
results did not support the notion that occurrence of MCI is higher for women. The
lack of observed sex differences for MCI estimates is consistent with the results of
a meta-analysis conducted by Au et al. (2017) and, in part, the latest report from
Petersen et al. (2018) of combined amnestic and non-amnestic type using
population-based samples and the MCI Mayo Clinic/Winblad criteria. Conversely,
previous reports on incidence using GAS data have shown higher estimates for men
(Elmstahl & Widerstrom, 2014).

Reversion rates

The 6-year reversion rate in paper IV was higher than the average of 29%, for both
amnestic and non-amnestic subtypes, reported in a population based meta-analysis
conducted by Canevelli et al. (2016), but within the reported range of 4%-58%.
There are several potential reasons as to why our rate was among the highest
reported so far. Firstly, attrition, where the frailest (with MCI) left the study prior
follow-up. In favour of this idea, baseline MCI participants who dropped out had
lower MMSE scores and were older than those who stayed on. Notably, the
participant rate for 6-year follow-up from Wave 1 and Wave 2 was 83.5% and
80.6%, respectively, which could be considered fairly high. Secondly, our sample
was drawn from a population-based study. Higher reversion rates are found in
population-based samples compared to clinical ones. Thirdly, the non-reverter
group comprised exclusively of persons with stable MCI, and did not include
dementia progressors. Occasionally, reversion studies group participants with
mixed diagnoses (i.e. stable MCI with dementia progressors) together (Pandya et
al., 2016). This complicates interpretation of results and may bring reversion rates
down. Fourthly, a large proportion of our sample were younger (72.5% were 60-69)
and older individuals (70+) are more likely to have mixed aetiology (e.g. mixed
AD/Vascular features), which in general leads to faster progression compared to a
single aetiology/pathology (Petersen et al., 2014). Additionally, younger
participants from the community are also more likely to have treatable causes than
very early dementia, (e.g. depression or side effects from medication). Finally, a
large group of participants were excluded due to incomplete cognitive datasets
(making it challenging to classify them as MCI/NCI). Participants with unfinished
cognitive testing probably have some form of cognitive restraint, and by excluding
these participants reversion rates are exaggerated. Remarkably, we had a relatively
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long follow-up in comparison to other studies that report reversion rates. Longer
follow-ups tend to generate modest reversion rates, due to the unstable MCI groups
becoming stable or progressing to dementia when more time has passed (Lopez et
al., 2012; Malek-Ahmadi, 2016; Roberts et al., 2014).

We found that it was fairly common to change subtype, with 56.5% of our MCI
stable sample classified with another subtype at 6-year follow-up. This result is
comparable with a previous Korean study (Han et al., 2012), which reported that
48% changed subtype. Subtypes are advantageous when figuring out the underlying
cause of MCI diagnosis. By assessing the aetiology, the observer can predict which
future dementia outcome is most likely. Excessive rates of conversion from one
cognitive domain to another undermines the ultimate purpose of subtypes. Thus,
further research on factors associated with different subtype progression and
conversion is necessary.

Factors associated with reversion

Baseline predictors for reversion such as lower age, better global functioning, and
single domain subtype (vs. multiple domain) have all previously been associated
with reversion (Pandya et al., 2016). That these factors are all associated with
cognitive health is not surprising as their opposites are well-known risk factors for
conversion to dementia (e.g. Winblad et al., 2016). Difficulties with concentration
has previously been associated with incident MCI (Lobo et al., 2008) and our results
similarly show that good concentration could predict reversion. This particular
association is a novel finding, and concentration is now an added predictor in the
research of MCI reversion. Having a less severe (lenient criterion) form of MCI was
not associated with reversion. This is surprising as it was theorised that if an
individual had two impaired scores within the same domain then this was a marker
of true cognitive impairment (affiliated with stable MCI group). Having one
impaired score on the other hand could reflect a haphazard bad test score, leading
to an incorrect MCI diagnosis which was detected at follow-up (affiliated with
reverter group). Similar to our results, Jak et al. (2016) found no differences
(15.95% vs. 12.78% p<0.009) in reversion rates when using one impaired test scores
or two test scores within the same domain for cognitive impairment. Why less severe
MCI could not predict reversion remains unanswered.

Future perspectives

In order to produce accurate prevalence and incidence estimates of mild cognitive
impairment, consensus on a detailed operationalisation of the definition should be
reached and put forward together with important biological markers of dementia. In
addition, it is imperative to continue with the search for predictive factors for
reversion, as this type of research has only begun to emerged. Moreover, MCl is a
risk factor for dementia, even for those with an unstable trajectory (e.g. MCI-NCI-
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dementia/MCI-NCI-MCI-dementia). By studying the characteristics of these
unstable individuals in relation to individuals which never retransition back to MCI
(MCI-NCI-NCI) could further help unravel risk factors tied to different MCI
trajectories and ultimately predict which individuals with MCI are at the most risk
to progress to dementia.

Methodological considerations

All four papers included investigation of how methodological implementations
could influence cognitive outcome. In paper I and II, internal validity issues on
participants’ cognitive tests were examined. In paper III, the operationalisation of
cognitive impairment was examined in relation to occurrence of MCI. In paper 1V,
test setting factors such as test order/version and time of day, and definition of MCI
was examined in relation to reversion rates. In this section other methodological
issues are discussed, that are of relevancy in epidemiological investigation and in
the current papers. The issues are presented in the following order: selection bias,
misclassification, generalisability, practice effects, using norm scoring to assess
cognitive impairment, issues in comparison of research results and algorithm vs.
consensus panel in MCI classification.

Selection bias, misclassification, generalisability and practice effects

Selection bias

Selection bias is described as a systematic error that occurs in a study due to the
practices applied to select participants and from reasons that impact participation in
the study (Rothman & Hatch, 2002). Selection bias should be considered as a
potential issue in both the context of who agreed to participate in the beginning of
the study, and who remain in the study (concerning concepts such as attrition and
survival bias). Selection bias and attrition threatens the sample’s representability of
the general population, because the most unfit participants usually do not
participate. For instance, the Maastricht Aging Study found lower baseline
neuropsychological test scores among those who died or dropped out before 3-year
follow-up in comparison to participants who stayed in the study (Van Beijsterveldt
et al., 2002).

In order to reduce selection bias in the GAS-study, participants that were too unfit
to come to the research clinic were offered home visits. In paper I, results indicated
that those who were tested in the clinic performed better than those tested at home.
Although, a strict exclusion criterion (e.g. eliminating dementia cases) was applied
in attempt to even out cognitive differences between the home-visit group, and the
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research clinic group, a selection of the unhealthiest participants was probably still
present in the home visit group, amplifying outcome.

In papers III and IV, incidence rates and reversion rates, as well as the independent
variables’ (e.g. age) weight on rates may have been distorted due attrition (i.e. a
selection of the healthiest are examined at follow-up). This could most likely lead
to underestimations of MCI, higher reversion rates and subdued aging effects on
MCI incidence. In addition, prevalence estimates as well as age effects on
prevalence could be underestimated because of selection of participants entering the
study. Notably, compared to many other studies, our participant rates for both
baseline samples and returning participants were fairly high, although generally
participants rates in epidemiological studies are declining (Galea & Tracy, 2007).
Hence, selection bias may only have a small impact on results presented in these
papers.

Contrarily, fairly strict exclusion criteria were applied in all the papers, which is
also considered a form of selection bias. As a consequence, in paper I and II, test
administrator effects and cohort effects were most likely restrained, in paper III and
IV, there was most likely an underestimation of MCI occurrence and reversion.

Misclassification

There may be issues of misclassification of both outcome (e.g. MCI estimates) and
exposure variables (e.g. depression or concentration) in papers III and IV which
could lead to distortion of the observed results, sometimes exaggerating and
sometimes underestimating results. Differential misclassification is perhaps an issue
in paper [V where the classification of the exposure variable depression is dependent
on the outcome variable MCI. Depression often coincides with MCI and sometimes
individuals with depression may be mistaken for having MCI. That exposure and
outcome variables are related with each other can cause dependency in
misclassification. To what extent the misclassification of exposure and outcome
variables has influenced results is difficult to infer. Moreover, factors tied to
misclassification of baseline MCI (e.g. temporary depression or using a lenient
criteria) were investigated in paper IV. However, these factors were not associated
with reversion. Nevertheless, there may still have been single cases were these
factors did contribute to misclassification of baseline MCI. Non-differential
misclassification, i.e. random misclassification is equal in different groups (e.g. age
or education groups), could be an issue in papers IIl and IV. To what extent non-
differential misclassification is present is unclear. Misclassification of MCI could
be reduced by using multiple evaluations close in time instead of using a single point
estimate (Gillis et al., 2019) or by using a consensus approach with multiple
evaluators.
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There might have been a slight underestimation of dementia in the GAS population
samples. For instance, prevalence of dementia worldwide is 5-7% (Prince et al.,
2013) and in the other SNAC-studies it has been reported to be about 7% (Fratiglioni
et al., 2017). Prevalence of dementia in paper III was 4%. If dementia diagnoses
were missed in GAS, this could result in overestimations of MCI, due to dementia
cases being misclassified as MCI cases. However, all participants with impaired
ADL were removed from our samples, and as dementia diagnosis is contingent on
impairments of ADL, classification of MCI cases due to true dementia seems
unlikely. Moreover, there was an oversampling of younger participants (ages 60-
69), which could explain our low prevalence of dementia.

Generalisability

There are strengths and limitations in the four papers, which generates mixed
conclusions regarding the generalisability of results to other study populations.
Random sampling occurred in both rural and urban areas with fairly high participant
rates (average participant rate of 72% for both baseline waves and follow-up
samples), strengthening generalisability to other Swedish population samples.
Participant rate was however reduced in the older age groups (e.g. 53% in 80-89 and
43% in 90+ for Wave 1), making generalisation of results for the oldest old more
problematic, which is unfortunately a common drawback in ageing studies (Davies
et al., 2010). Moreover, in Skane and especially in Malmo, there is a fairly high
number of foreign-born participants (17% in Skane and 31% in Malmo, Statistiska
Centralbyran, 2013). In the GAS-project about 10% of the baseline sample (Wave
1) is born outside of Sweden, challenging the representativeness of ethnic diversity
in our sample. The non-participation of this group could probably be explained by
language difficulties and other cultural differences influencing study participation.
Moreover, during the studies’ exclusion processes, foreign born participants with
language difficulties were also excluded further reducing the number of participants
born outside of Sweden in our sample. When cognitive data from SNAC-Blekinge
and SNAC-GAS were compared no overall differences in participants’ test scores
were observed, strengthening GAS-data generalisability nationally. It seems
problematic to apply the papers’ results globally, as there are major distinctions
between countries regarding factors that promote cognitive health, such as income,
education and health care systems. Therefore, it is argued that our results are
generalisable to samples of adults 60+ in other high-income countries with lower
proportions of foreign-born individuals in north Europe.

Practice effects

In longitudinal data, retest effects are of particular interest, where participants
improve their performance on various cognitive tests for each testing occasion.
Better performance could then hide true change in cognitive ability between test
occasions. Paper I found previous experience of the testing situation to positively
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influence test results on two speed tasks, but not influence the other tests such as
memory or accuracy of spatial ability. Due to this, the retest factor was not
considered a factor when utilising longitudinal data in papers Il or IV. There were
supplementary cognitive tests (other than those measuring speed) applied to define
cognitive impairment, but it remains unknown whether rehearsal of these tests was
beneficial for performance. Practice effects could potentially lower incidence rates
and push reversion rates up, masking true deterioration of cognition.

Even in cross-sectional designs, practice effects can bias results. Paper I found that
when performing the second speed of processing task, participants performed better
than when receiving the first task. To neutralise the problem (Ferrer & Ghisletta,
2011), the order of test administration was spread out equally across participants.
Hence task familiarity issues should not bias our results in paper II where a cross-
sectional design was used. As for papers III and IV the returning participants
received the same order of test administration, so if an improvement was present in
the first test occasion, it should be present in the next on the same test for the
individual participant, counterbalancing the potential influence of task familiarity
issues. Moreover, there were no differences in the test order between reverters and
non-reverters. Dodge et al. (2017) reported cohort differences in practice effects on
verbal memory, where later-born cohorts demonstrated a superior capability to learn
from prior testing. This adds an additional dimension to the study of cohort effects
on cognitive performance using longitudinal data, where previous experience of
cognitive testing for different cohorts should be considered.

Other methodological considerations
Using norm scoring to assess cognitive impairment

Norm data used in papers Il and [V may have been confounded with cohort effects,
as we used baseline data collected in 2001-2004 (early born cohorts) to create
normative scores and then applied them to data collected in 2006-2012 and 2012-
2017 (later born cohorts). This might consequently lead to underdiagnoses of MCI
in the later born cohort due to the usage of potentially out-dated norms. There are
however a few reasons as to why not to raise concern. Firstly, results from paper 11
revealed cohort effects for speed of processing tasks only, leaving a very small
impact on MCI diagnosis. Secondly, we applied norm scores corrected for
education, potentially reducing cohort effects. Thirdly, no differences in MCI
prevalence between cohorts were observed.

Deciding which inclusion criteria to apply for norm samples can be tricky as the
healthier the sample, i.e. the stricter the inclusion criteria, the higher the proportion
that will be classified as cognitively impaired. Individuals with MCI were not
excluded from the norm-samples in papers III and IV, probably leading to fewer
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classified as cognitively impaired, compared to the case where MCI individuals
were excluded from norm sample. It is nonetheless debatable whether individuals
with MCI should be part of a normal healthy ageing population.

Issues in comparison of research results

Comparison of research results from different studies is an essential part of research
and a way to try to validate your own results. There are many pitfalls when making
comparisons, and methodological differences can explain a large amount of result
discrepancies. Therefore, caution should be taken when drawing parallels.

Trahan et al. (2014) highlight this problem in the context of cohort effects, where
major differences involve differences in length of time spans between cohorts, the
nature of the samples (e.g. including longitudinal data or not), single vs. aggregated
cognitive measures and, single vs. aggregated birth cohort samples. As long as there
is a fluctuation in study methods, it will be challenging to directly compare results
and comprehend what cognitive domains and which cohorts are temporally
improving.

As for prevalence, incidence, reversion rates and risk factors for MCI, Petersen and
colleagues (2014) describe several dissimilarities between studies. These being: the
source and age of subjects, implementation of definition, retrospective vs.
prospective data collection, algorithmic vs. clinical application of MCI
classification (discussed in the next section), blindness of previous
diagnosis/cognitive status and length of follow-up. Meta-analytic studies of
prevalence and incidence of MCI try to reduce heterogeneity in results through
selecting studies that have similar characteristics, e.g. they use the same definition
and criteria for MCI, same age categories or have similar follow-up lengths. Despite
applying restrictive inclusion criteria, these meta-analytic studies still report
considerable heterogeneity in the occurrence estimates of MCI (Au et al., 2017;
Gillis et al., 2019; Ward et al., 2012). The observed inconsistencies in MCI
outcomes further promotes the need to come to a consensus regarding the definition
and operationalisation of MCI. More studies applying multiple MCI definitions in
relation to predictive power of progression to dementia may untangle which
definition is most suitable as a prodromal stage of dementia.

Algorithm vs. consensus panel in MCI classification

Algorithm vs. consensus panel in MCI classification is one main methodological
variability between studies (Petersen et al., 2014). Algorithmic classification is
typically applied retrospectively on population-based data, whereas the consensus
approach is applied on clinic-based subjects and it closely represents the actual
practice of diagnosis. Algorithm has the advantage of being reproducible and
objective in classifying participants, and its emphasis lies on the neuropsychological
test scores. Consensus has the advantage of incorporating all medical aspects of the
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individual, making this approach more accurate in the identification of true pre-
stages of dementia (Malek-Ahmadi, 2016; Shadish, Cook, & Campbell, 2002). This
approach nevertheless suffers from subjectivity, with inconsistencies in clinical
judgements, much like test administrator influence. The background of the specialist
or the amounted experience of practitioner etc., are aspects that leave an imprint on
the inferences of the participant or patients’ level of cognitive impairment. Petersen
et al. (2014) suggest a type of algorithmic approach taking important medical
aspects into consideration in a standardised manner, with special emphasis on
medical history and temporal changes is the way forward in the diagnostic definition
of MCI. However, the research literature suggests that neuropsychological tests
alone can accurately predict future dementia when using an algorithmic approach.
Therefore, researchers as well as clinicians should not neglect the importance and
the utility of neuropsychological testing.

Clinical implications

The results from paper I have highlighted the importance of maintaining similar test
settings. Applying these results in a clinical setting could entail that patients should
be examined by the same clinician during cognitive investigation, e.g. the evaluation
of dementia, in order to reach a fair conclusion regarding cognitive level, especially
if cognitive testing is involved. One way of reducing the inevitability of human error
in testing is by using computer-based testing. Some clinicians and clinics have
already started to implement digitalisation of cognitive testing (Germine et al.,
2019), and as our world is becoming more digitally oriented, so will health care.
With regard to cohort effects in clinical settings, environmental factors become
extremely important when using normative cognitive scores to establish cognitive
status for the purpose of dementia diagnosis as the normative scores are susceptible
to secular changes.

Despite the conclusions from the papers in this thesis, namely that MCI is a
heterogeneous condition, with a bidirectional trajectory, I nevertheless argue that
MClI is a useful concept for researchers and clinicians. Many studies using clinical
samples have applied mild cognitive impairment successfully, with low reversion
rates with high sensitivity and specificity for dementia (e.g. Belleville et al., 2017;
Belleville, Gauthier, Lepage, Kergoat, & Gilbert, 2014). What is more, MCI was
first designed as a clinical tool which may explain the number of unsuccessful
attempts to define preclinical stages of dementia in the population-based samples.
The results from papers III and IV can contribute towards the awareness among
clinicians that cognitive impairment is fairly common in the general population and
that it does not always necessarily lead to further cognitive deterioration. This
awareness can provide a more cautious perspective, leading to the prevention of
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overdiagnosis of cognitive disorders, subsequently avoiding the stigma that comes
with being labelled as cognitively impaired (Garand et al., 2009). Awareness of
factors associated with reversion are beneficial for clinicians or home-carers in order
to set appropriate expectations pertaining future cognitive functioning, and
consequently leading to better planning for future care (e.g. level of monitoring or
determining the need for medications). In addition, the findings on reversion factors
can aid participant selection for intervention studies that intend to prevent or delay
onset of dementia.

Conclusions

Knowing what internal validity threats potentially influence cognitive outcome is
an essential aspect of the practice of good research. Often, methodological
practicalities are implemented to reduce these threats, such as changing test versions
or order of test administration. These implementation strategies are sufficient to
satisfy the researcher’s concern of validity issues and therefore further investigation
of potential methodological threats are sometimes neglected. Undeniably, certain
issues are more pronounced and investigated in the literature than others, e.g. retest
effects are well-documented, whereas descriptions of test administrator effects in
ageing research are scarce. The results of paper I and II clearly demonstrate that
instrumentation, practice effects and cohort effects are present in a large population
study of cognitive ageing. Therefore, I argue that bias in results linked to internal
validity should be routinely investigated in ageing studies.

There appears to be an ongoing development of two opposing stances within MCI
research. One stance recognises MCI to be an unstable concept, with a bidirectional
outcome and excessive questions regarding the implementation of the MCI
definition. This leads to diverse reports regarding prevalence, incidence, stability,
trajectories, risk factors, protective factors and factors tied to reversion. The other
stance argues that MCI is a helpful diagnostic entity which can accurately predict
worsening of cognitive status. Our results provide support for both stances. For the
first account, our papers reported high diversity in prevalence and incidence
estimates and high reversion rates as well as an unstable MCI trajectory where more
than half of the MCI participants changed subtype at follow-up. Our data also
provides support for the second notion as the results in paper IV implied that those
who had MCI at baseline were more likely to have MCI at 12-year follow-up
compared to those who never had MCI. This fact makes it difficult to fully advocate
that MCl is a heterogeneous concept with a bidirectional outcome lacking relevance
in predicting future cognitive status.
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In conclusion, correctly assessing cognition in older adults comes with many
methodological considerations, both clinically and in research. The results presented
in this thesis have shown that every aspect in the assessment can play a major role
in the outcome of cognition, be it the decision of what is considered cognitive
impairment, or figuring out when cognitive ageing onsets. All stages of assessment
are relevant, ranging from who collects the cognitive data, to taking the test-taker’s
birth date into consideration, to determining the best criteria for assessing
impairment so as to accurately predict future dementia. My hope is that the research
presented in this thesis can encourage researchers to reflect over methodological
choices and how they can interfere with interpretation of cognitive outcome. This
research also has ambitions to contribute towards finding an optimal way to define
a prodromal stage of dementia.
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Sammanfattning pa svenska

Bakgrund

Med en snabbt vixande &dldre populationsgrupp kommer dven andelen med
kognitiva storningar, som demens, att vdxa. Det dr siledes nddvédndigt med
forskning pé kognition och &ldrande. Denna avhandling, genom fyra delarbeten,
redogdr for testledareffekter vid kognitionsmétningar och hur yngre fodelsekohorter
(generationer) presterar bittre dn dldre pa kognitionstester. Den kommer &dven
forklara prevalens (forekomsten), incidens (uppkomsten) och tillbakagangen
(forbattringen) av lindrig kognitiv stérning (som anses vara ett forstadium till
demens).

Arbete I och II testledareffekter och kohorteffekter

Kognitiva tester, vilka anvénds for att méta kognitiva storningar, ér kénsliga for
métproblem och kan orsaka att det kognitiva utfallet (t ex. kognitivt testresultat) inte
overensstimmer med verkligheten (t ex. deltagarens kognitiva niva).
Testledareffekter och kohorteffekter ar exempel pa faktorer som kan orsaka
métproblem vid kognitiv testning.

Testledareffekter innebér att personen som administrerar testerna kan paverka hur
deltagaren eller patienten presterar pa ett kognitivt test (med positivt eller negativt
utfall). I stora befolkningsstudier anvdnds ofta multipla testledare, vilket kraftigt
oOkar risken for oonskad variation i deltagarnas testresultat.

Kohorteffekter eller fodelsekohorteffekter innebér generellt en paverkan pa ett utfall
och i detta specifika fall testresultatet pa ett kognitionsinstrument utifran nér
provtagaren dr fodd. Forskningen har visat att yngre fodelsekohorter presterar béttre
pa kognitionstester, i genomsnitt, dn dldre fodelsekohorter. Oftast forklaras denna
skillnad med att yngre fodelsekohorter har hogre utbildningsniva jamfort med dldre
kohorter. Det ar darfor viktigt att ta hdnsyn till ndr deltagaren &r fodd vid
aldersjdmforelser 1 kognitionsniva.
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Fragestillningar

Arbete I: Att utforska om variationen i deltagarnas kognitiva testresultat berodde pa
vilken testledare deltagarna hade tréffat.

Arbete 11: Att utforska kohortskillnader i deltagarnas kognitiva testresultat och om
utbildningsnivan kunde forklara potentiella skillnader.

Urval fran Populationen

For att besvara fragestillningarna i samtliga arbeten anvinde vi data fran
befolkningsstudien Gott Aldrande i Skine (GAS). Deltagare mellan 60 och 100 &r
var slumpmaéssigt utvalda fran folkbokforingsregistret och kom till en av vara fyra
mottagningar runt om Skane. Deltagarna undersoktes av en ldkare, en sjukskoterska
och en psykologisk testledare och fick besvara fragor om livsstil och hédlsa genom
frageformulér.

Metod och resultat

I arbete I (antal deltagare=6686) jamforde vi deltagarnas testresultat fran 21
testledare 1 en flernivas-regressionsanalys. Vi kontrollerade for en rad faktorer som
paverkar prestationen pa kognitiva tester, sdisom deltagarnas utbildning, alder och
testversion. Resultaten fran analyserna visade en signifikant variation i deltagarnas
testresultat (p<0.01), beroende av vilken testledare deltagaren hade tréffat. Denna
variation, som var mellan 1.4%-3.5%, forekom for kognitiva tester som maétte
foljande kognitiva funktioner: episodiskt minne, processhastighet och spatial
formaga.

I arbete II (antal 60 aringar =736, fodda: 1942—43, 194849 eller 1954-55, antal 81
aringar= 431, fodda 1920-21, 192627 eller 1932-33) jaimforde vi deltagarnas
testresultat, vilka var i samma &alder ndr de undersoktes (60 eller 81), men fodda
olika &r, pa kognitionstester som métte en rad olika kognitiva funktioner. Resultaten
fran analyserna visade att de yngre kohorterna presterade battre pa kognitionstester
som maétte processhastighet, episodiskt minne, semantiskt minne och exekutiv
formaga. Utbildningsnivan kunde inte forklara kohortskillnaderna i testresultaten.
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Arbete III och IV lindrig kognitiv storning

Lindrig kognitiv stérning (Eng. Mild Cognitive Impairment: MCI) ar ett
diagnostiskt begrepp som innebér att individen har en latt kognitiv stérning, men att
storningen inte paverkar utférandet av vardagliga funktioner, sdsom att handla mat
eller klé pé sig. MCI beskrivs som ett forstadium till demens. Prevalens, incidens
och antal som har en tillbakagaing av MCI (som inte ldngre anses mota MCI
klassificeringen vid uppf6ljningen) varierar beroende pa hur man definierar MCL
Just nu rader det ingen specifik konsensus kring vilka kriterier som ska ingé i MCI
definitionen. De réddande prevalens- och incidenstalen 1 befolkningsstudier for
individer over 60 ar ligger pa 18.9% och 47.9 per 1000 person-ar (Petersen et al.,
2014; Ward et al., 2012). En nyutkommen meta-analys (Petersen et al., 2018)
rapporterade att drygt en fjardedel (26.4%) av deltagarna, som anses ha MCI, i
befolkningsstudier inte langre moter MCI kriterierna vid
uppfoljningsundersdkningen. Anméarkningsvért nog s& varierar dessa siffror med
skillnader utifrdn studiernas design, populationsurvalet och MCI definitionen. Om
MCI ska vara anvidndbart som ett diagnostiskt verktyg, for att identifiera individer
som kommer att utveckla demens, bor inte en stor andel visa pa tillbakagéng av
MCI. For att kunna predicera vilka individer med MCI som har en god forutséttning
att bli kognitivt béttre, bor forskningen fokusera pa vilka faktorer som ér associerade
med tillbakagang. For tillfdllet &r denna forskning knapphindig.

Fragestillning

Arbete I11: Att rapportera prevalens och incidens av MCI, stratifierat for alder, kon
och subtyper, samt utforska om MCI estimaten varierade vid olika tillimpningar av
MCI kriteriet for objektivt nedsatt kognition.

Arbete 1V: Att rapportera tillbakagang av MCI efter 6ar och undersoka de
associerande faktorerna.

Metod och resultat

I bade arbete III och IV anvindes den expanderade Mayo Clinic definitionen av
MCI: 1) subjektivt eller objektivt rapporterad misstanke om nedsatt kognition. 2)
ingen nedsatt formaga i vardagliga aktiviteter. 3) minst ett nedsatt testresultat pa
foljande kognitiva matt: episodiskt minne, processhastighet, spatial formaga och
verbalt flode. 4) ingen demens (Petersen et al., 2014).

I arbete III (antal deltagare for prevalens=3752, antal deltagare for incidens=1451)
rapporterades prevalens och incidens av MCI, uppdelat utifrén subtyper av MCI,
kon och alder. Vi anvénde tva olika kriterier for MCI: ett lindrigt och ett strikt. For
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att klassificeras som lindrigt MCI skulle deltagaren ha minst ett nedsatt testresultat
pa nagot av de kognitiva testerna och for det strikta kriteriet skulle deltagaren ha
minst tva i samma kognitiv domén. Vi foljde friska deltagare (utan MCI) fran deras
forsta undersokning i ca 6ar. Prevalensen for det lindriga kriteriet for MCI var
21.4% respektive 6.6% for det strikta kriteriet. De rapporterade incidenstalen var
22.6 och 8.87 per 1000 person-ar for det lindriga kriteriet respektive det strikta
kriteriet. Det fanns inga konsskillnader i prevalens eller incidens, men ddremot en
aldersskillnad i prevalens, dir de yngsta och dldsta hade lagst respektive hogst
prevalens.

Larbete IV (antal deltagare = 331) undersoktes antalet med tillbakagiang av MCI och
vilka faktorer som var associerade med tillbakaging vid 6-arsuppfoljningen. 58%
av de deltagare som klassificerades som MCI vid forsta undersdokningen ansags
friska, dvs. moétte inte kriterierna for MCI, vid 6-arsuppfoljningen. Den logistiska
regressionsmodellen upptidckte att ligre alder (p<0.05), battre global kognitiv
forméga (p<0.02), god koncentration (p<0.05) och nedsatt kognitiv forméga i endast
en kognitiv domin (p<0.001) (jidmfort med flera kognitiva domédner) kunde
predicera tillbakagéng av MCI.

Sammanfattning och slutsats av samtliga arbeten

Sammantaget har den hir avhandlingen fort fram bevis for testledareffekter och
kohorteffekter pad olika kognitiva testresultat. Den framhéller dven att lindrig
kognitiv storning, i ett urval av den dldre befolkningen, &r relativt vanligt och att
prevalens och incidens varierar med alder och med MCI kriteriet man applicerar.
Vidare har det presenterats att over hidlften av deltagarna med MCI vid forsta
undersdkningen inte ldngre ansags mota MCI kriterierna vid 6-arsundersékningen.

Denna avhandling visar pa en betydelse av metodologiska aspekter vid utformandet
och insamlandet av kognitiva data i den dldre befolkningen. Metodologiska beslut
avseende pa vilket sitt, var (hemma eller pd mottagningen), vem (vilken testledare)
och vilka alderskohorter som ska undersokas kan paverka det kognitiva utfallet.
Avhandlingen pavisar ocksa att begreppet MCI maste fortydligas och definitionen
preciseras, for att vara ett anvindbart diagnostiskt verktyg att predicera framtida
demens med, i synnerhet vid applicerandet i befolkningsstudier.
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