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Applying generalizability theory to examine assessments of
subjective cognitive complaints: whose reports should we
rely on — participant versus informant?
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ABSTRACT

Objectives: This study aimed to apply the generalizability theory (G-theory) to investigate dynamic and
enduring patterns of subjective cognitive complaints (SCC), and reliability of two widely used SCC assessment
tools.

Design: G-theory was applied to assessment scales using longitudinal measurement design with five assessments
spanning 10 years of follow-up.

Setting: Community-dwelling older adults aged 70-90 years and their informants, living in Sydney, Australia,
participated in the longitudinal Sydney Memory and Ageing Study.

Participants: The sample included 232 participants aged 70years and older, and 232 associated informants.
Participants were predominantly White Europeans (97.8%). The sample of informants included 76 males (32.8%),
153 females (65.9%), and their age ranged from 27 to 86 years, with a mean age of 61.3 years (SD = 14.38).

Measurements: The Memory Complaint Questionnaire (MAC-Q) and the Informant Questionnaire on
Cognitive Decline in the Elderly IQCODE).

Results: The IQCODE demonstrated strong reliability in measuring enduring patterns of SCC with G = 0.86.
Marginally acceptable reliability of the 6-item MAC-Q (G =0.77-0.80) was optimized by removing one item
resulting in G = 0.80-0.81. Most items of both assessments were measuring enduring SCC with exception of
one dynamic MAC-Q item. The IQCODE significantly predicted global cognition scores and risk of dementia
incident across all occasions, while MAC-Q scores were only significant predictors on some occasions.

Conclusions: While both informants’ IQCODE) and self-reported (MAC-Q) SCC scores were generalizable
across sample population and occasions, self-reported (MAC-Q) scores may be less accurate in predicting
cognitive ability and diagnosis of each individual.
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impairment (MCI) (Petersen, 2016; Winblad
et al., 2004) and may be considered as the earliest
detectable stage of preclinical dementia (Jonker
et al., 2000; Mitchell ez al., 2014). SCC can be
self-reported or reported by informants (e.g. family

Introduction

Older adults often report subjective cognitive com-
plaints (SCC), which relate to an individual’s self-
experience of cognitive deterioration (Hildreth and

Church, 2015). Currently, SCC contribute to the

criteria for a diagnosis of mild cognitive
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member or friend) with the advantage of capturing
daily cognitive and memory changes that standard-
ized neuropsychological tests may not detect
(Brodaty et al., 2002; Jorm ez al., 1991; Numbers
et al., 2020).

Despite the potential benefits of SCC assessments,
it remains questionable as to whether self-reported
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SCC reliably predict objective cognitive performance
and/or dementia incident. A relationship between self-
reported SCC and cognitive impairment ranges from
negligible (e.g. Burmester ez al., 2016) to none (e.g.
Lenehan er al., 2012; Reid and MacLullich, 2006).
One explanation for such inconsistency may be the
influence of mood and certain personality traits on
complaining behaviors (Ponds and Jolles, 1996). It is
well established that subjective impressions of decline
are exacerbated by depression and anxiety as well as
personality traits such as neuroticism and conscien-
tiousness (Reid and MacLullich, 2006). Therefore,
subjective reports of cognitive ability provided by close
informants may present more reliable approximation
of objective cognitive performance (Slavin ez al., 2015)
and future cognitive decline (Caselli er al., 2014).
Furthermore, in the clinical setting, informant-
reported SCC are often increasingly relied upon as
individuals progress through preclinical stages of
dementia and begin losing insight into their cognitive
changes over the debilitating course of dementia
(American Psychiatric Association, 1994). However,
no empirical examination was conducted to date using
an appropriate methodology to investigate whose re-
ports (i.e. participants’ or informants’) are more reli-
able, and at what stage researchers and clinicians
should rely on which reports. As dementia is typically
marked by insidious onset and gradual progression, a
longitudinal design will be ideal in tracking any cogni-
tive change over time (American Psychiatric Associa-
tion, 1994).

Moreover, it is important to differentiate reliably
between dynamic and enduring SCC patterns over
longer time. A reliable trait measure would reflect
enduring changes over time (e.g. alterations in long-
term subjective cognition) and remain unaffected by
individual’s transient changes (e.g. mood or current
stress level). Conversely, a state measure would be
sensitive to dynamic changes, which may confound
assessment of long-term subjective cognition. While
the widely used SCC measures such as the Memory
Complaint Questionnaire (MAC-Q) (Crook et al.,
1992) and the Informant Questionnaire on Cogni-
tive Decline in the Elderly IQCODE) (Jorm, 1994)
have good internal consistency, it does not support
their ability to distinguish between enduring and
dynamic patterns of SCC. Internal consistency coef-
ficients (e.g. Cronbach’s alpha) are not appropriate
to estimate temporal reliability of scales because they
only estimate consistency or inter-correlations
between individual items at one time point. More-
over, test—retest reliability coefficients often used to
distinguish between dynamic and enduring patterns
have limited accuracy because these are merely
correlations between total scale scores at two differ-
ent times (e.g. Time 1 and Time 2). For example, if
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a person improves on one symptom but gets worse
on another, the total score remains the same without
reflecting clinically important changes. Therefore,
these coefficients do not account for variability of
individual items over time and other sources of
measurement error such as the effects of item,
occasion, person, and their interactions (Bloch
and Norman, 2012; Medvedev et al., 2020). For
instance, a response to an item may depend on
assessment occasion rather than changes in indivi-
dual’s performance. A comprehensive estimation of
reliability is therefore required and generalizability
theory (G-theory) was advocated as the most appro-
priate method to investigate dynamic and enduring
patterns in a measure and examine reliability and
generalizability of assessment scores (Medvedev
et al., 2017; Truong et al., 2020).

G-theory is a successor of classical test theory
(CTT) and is particularly well suited to examine
the overall reliability of psychometric instruments
(Brennan, 2010; Shavelson and Webb, 1991). While
CTT postulates that any measurement consists of
true variance and error variance presented as a single
factor, G-theory utilizes ANOVA to estimate all
possible sources of error variance that may affect
the main outcome variable as well as the accuracy
of the measurement itself (Allen and Yen, 2001;
Cronbach ez al., 1963). Furthermore, CTT evaluates
the reliability of a measure at only one aspect (e.g.
internal consistency) at a time or examines the dis-
tinction between dynamic and enduring patterns of a
measure using test-retest reliability coefficients.
G-theory extends CTT and simultaneously examines
all potential sources of error variance that may influ-
ence reliability such as person, scale items, occasion,
and all their interactions (Medvedev et al., 2017;
Shavelson et al., 1989). Many studies have demon-
strated applicability of G-theory as the most appro-
priate method for estimating the overall reliability and
generalizability of assessment scores and distinction
between dynamic and enduring patterns in a measure
(Arterberry et al., 2014; Medvedev et al, 2017;
Paterson ez al., 2018; Truong ez al., 2020). Therefore,
applying G-theory can be useful to examine and
improve the precision of a psychometric instrument
as well as to differentiate between enduring and
dynamic patterns reflected by such measure.

The aim of the current study was to apply
G-theory to examine reliability and distinguish
between dynamic and enduring patterns in the
self-report MAC-Q and informants IQCODE
SCC assessment tools. A longitudinal design was
utilized with participants assessed at five occasions,
separated by 2-4years intervals. Application of
G-theory involved two parts: a generalizability study
(G-study) and a decision study (D-study). The
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purpose of the G-study was to examine the overall
generalizability of the MAC-Q and IQCODE and
evaluate sources of error variance in each measure.
D-study aimed to subsequently evaluate psychomet-
ric properties of individual items of these two scales
and to manipulate measurement design to optimize
the reliability of measurement (Cardinet ez al., 2011;
Shavelson er al., 1989). We also aimed to evaluate
the utility of these scales for predicting incident
dementia and global cognition scores.

Method

Participants

Community-dwelling older adults aged 70-90 years,
living in the Eastern Suburbs of Sydney, Australia,
were selected via the electoral roll and invited to
participate in the Sydney Memory and Ageing Study
(MAS) (Sachdev et al, 2010). Of 8,914 individuals
invited to participate, 1,037 participants were included
in the baseline sample (occasion 1). Inclusion criteria
were the ability to speak and write English sufficiently
well to complete a psychometric assessment and self-
report questionnaires. Exclusion criteria were any
major psychiatric diagnoses, acute psychotic symp-
toms, current diagnosis of multiple sclerosis, motor
neuron disease, developmental disability, progressive
malignancy, and/or dementia. All participants pro-
vided written consent to participate in this study,
which was approved by the University of New South
Wales Human Ethics Review Committee (HC 05037,
09382, 14327). More detailed methods of recruitment
and baseline demographics have been previously
described by Sachdev and colleagues (Sachdev
et al., 2010). Of the 1037 participants included in
the present study, 1,009 (97.3%) had an informant.
Informants were selected by nominations of partici-
pants. Informants answered questions relating to the
participant’s memory, thinking, and daily functioning.
Qualified informants were those who had at least
1 hour of contact with the participant per week; on
average, they had 8.3 hours of weekly contact. All
participants and informants provided written consent
to participate in this study, which was approved by the
University of New South Wales Human Ethics Review
Committee (HC 05037, 09382, 14327).

Figure 1 presents consort diagram including the
number of MAC-Q and IQCODE reports, and the
number of participants diagnosed with dementia along
with computed their global cognition scores, for each
occasion (wave). Of the 1,009 participants with
informants, 232 (23%) had reports of MAC-Q and
IQCODE at all five occasions and were included in the
G-analyses. We excluded participants’ with informants
(77%) whose MAC-Q and IQCODE were incomplete
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at one or more occasions. The MAC-Q or IQCODE
data were missing at some waves because either the
participant or informant was not contactable or was not
able to do the assessment at that wave. In some
instances, participants were too ill or advanced in
dementia to answer questions in later waves (informant
only), and in others, participants simply did not have an
informant who was willing to complete an interview or
questionnaire on their behalf. The ethnicity of the
extracted sample was predominantly White Europeans
(97.8%); the remaining sample was 0.4% other and
1.7 % unrevealed. Informants from the extracted sam-
ple were 76 males (32.8%), 153 females (65.9%), and
their age ranged from 27 to 86 years, with a mean age of
61.3 years (SD = 14.38). Missing responses per item of
either the MAC-Q or the IQCODE in the extracted
sample comprised less than 0.05% which were negligi-
ble and thus substituted by mean imputation at each
respective wave (Huisman, 2000). This sample size of
232 participants exceeded the required sample size of
84 participants for repeated measures ANOVA over
five occasions needed to accomplish the power (1-p) of
0.95 to detect effect size of 0.15 under p value of 0.05.

Measures

The MAC-Q (Crooker al., 1992) is a well-validated
unidimensional 6-item questionnaire. Internal con-
sistency Cronbach’s alpha of the MAC-Q was
reported in the range from 0.57 to 0.88 with most
studies indicating acceptable values and confirming
unidimensionality of the scale (Buckley ez al., 2013;
Crook et al., 1992; Reid ez al., 2012). The MAC-Q
asked participants to rate themselves compared to
how they previously performed on several everyday
memory tasks (e.g. difficulty remembering names;
see Supplemental Materials for a full list of items).
At occasion 1, participants received the conven-
tional MAC-Q wording “How would you rate your-
self compared to 5years ago,” but for each
subsequent occasion, the wording was changed to
“How would you rate yourself compared to 2 years
ago” to capture the intervening time between assess-
ments. Participants rated themselves for each item
on a scale of 1 to 5; total score range from 5 to 30,
with higher scores indicating greater subjective
memory loss.

The IQCODE (Jorm, 1994) consists of 16 items
that asks informants to report on their perceived
changes of the participant’s cognition and function-
ing. Each item is scored on a 5-point Likert scale
with options ranging from 1 = “much improved” to
5 = “much worse.” The IQCODE is completed by
informants who are well known to the individual
(Harrison et al., 2016) and has been shown to
reliably predict incident dementia (Numbers
et al., 2020). The original IQCODE consists of 26
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Enrolment
n=1037 healthy participants

I

Wave 1/occasion 1
Completed MAC-Q n=1014 (97.8%);
IQCODE n=910 (87.8%)
Diagnose of dementia n=0
Completed cognitive assessment n= 1032

l

Wave 2/occasion 2
Completed MAC-Q n=879 (84.8%);
IQCODE n=754 (72.7%)
Diagnose of dementia n=24
Completed cognitive assessment n= 862

l

‘Wave 3/occasion 3
Completed MAC-Q n=780 (75.2%);
IQCODE n=654 (63.1%)
Diagnosed with dementia n=53
Completed cognitive assessment n= 734

I

Wave 4/occasion 4
Completed MAC-Q n=699 (67.4%);
IQCODE n=562 (54.2%)
Diagnosed with dementia n=82
Completed cognitive assessment n= 634

I

Wave 5
Completed MAC-Q n=0 (0%);
IQCODE n=441 (42.5 %)
Diagnosed with dementia: n=79

l

Wave 6/occasion 5
Completed MAC-Q n=413 (39.8%);
IQCODE n=397 (38.3%)
Diagnosed with dementia: n=124

Excluded
(No MAC-Q data)

)

Figure 1. CONSORT diagram for participants who completed cognitive assessments inclusive of dementia-diagnosed cases at each wave/

occasion.

questions/items. An abbreviated version of the
IQCODE consisting of 16 items has been found
to perform as reliably as the original version (Jorm,
1994, 2004), with a number of studies confirming
high internal consistency (Cronbach’s alpha =0.93
to 0.97) (Harrison ez al., 2015; Phung et al., 2015;
Tang et al., 2004) and a superior ability to predict
incident dementia (Park, 2017; Perroco et al., 2008).

Dementia diagnosis

Clinical diagnoses were performed for all occasions
(10-year follow-up). At occasion 1, and at each 2-year
follow-up, individuals were brought to a consensus
review meeting where at least three clinicians from a
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panel of neuropsychiatrists, psychogeriatricians, and
neuropsychologists discussed all available clinical,
neuropsychological, laboratory, and imaging data to
reach a consensus diagnosis. A diagnosis of dementia
was based on the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) (Amer-
ican Psychology Association, 1994), that is, the devel-
opment of one or more cognitive deficit(s) that
represent a decline from a previous level of perfor-
mance and were sufficiently severe as to cause
impairment in functioning (the Bayer Activities of
Daily Living Scale [B-ADL] score > 3.0). Individuals
who did not receive a dementia diagnosis were classi-
fied as “not dementia” at each occasion, and no
dementia cases were present at occasion 1 as this
was an exclusionary criterion (Sachdev ez al., 2010).
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Objective cognitive performance

Comprehensive cognitive data were available for
occasion 1 to occasion 4 (6-year follow-up), only.
Cognitive performance over these first four occasions
was assessed using a comprehensive neuropsycho-
logical test battery which comprised 10 tests that
measured the domains of attention/processing
speed, language, executive function, visuospatial abil-
ity, and memory (see Supplementary Table S1).
Domain and global cognition composites were
computed as standardized z-scores as follows. First,
raw test scores were converted to z-scores using the
baseline means and standard deviations (SDs) of a
reference group which comprised 732 MAS partici-
pants classified as cognitively healthy at occasion 1
(native English speakers with a Mini-Mental State
Examination score of 24 or above, no evidence of
dementia or current depression, no history of delu-
sions or hallucinations, and no major neurological
disease, significant head injuries, progressive malig-
nancies or central nervous system (CNS) medica-
tions). Of the 732 participants (ages ranged from
70.29 to 90.80years with M =78.57, SD =4.72),
219 (29.9%) completed tertiary qualification, 128
(17.5%) completed high school and/or diploma,
350 (47.8%) were not completed high school/
diploma, 23 (3.2%) were not completed tertiary
qualification, and 12 (1.6%) completed primary
school. Secondly, composite domain scores were
formed by averaging the z-scores of the component
tests (as defined above), apart from the visuospatial
domain which was represented by a single test. Each
domain composite was standardized by transforming,
so that the mean and SD of the baseline cognitively
healthy group were O and 1, respectively. Finally,
global cognition scores for each occasion were calcu-
lated by averaging the domain z-scores and again
transforming these scores so that the means and
SDs for the baseline reference group were 0 and 1,
respectively.

Data analyses

EduG 6.1-e software (Swiss Society for Research in
Education Working Group, 2006) was used to con-
duct generalizability analyses by following the guide-
lines described in Truong er al. (2020). Both
G-study and D-study used two-facet design (person
by item by occasion) which item (I) and occasion
(O) were two facets of interest (instrumentation
facets) and person (P) was the object of measure-
ment (differentiation facet), expressed as PxIx O
(Cardinet et al., 2011; Truong et al., 2020; Vispoel
et al., 2018). The facet of I was fixed because the
same items of assessments were used across all
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participants and all occasions, whereas the P and
O facets were infinite. Besides that, the facet P was
not a source of error and in a study employing
G-theory method, all error variances are counted
as 100% after controlling for person variance (P),
which reflects true differences between persons
(Cardinet er al., 2011). G-theory estimates for the
design of person by item by occasion expressed as
P x I x O were calculated using formulae included in
Supplementary Table S2 (Shavelson ez al., 1989).

There are two reliability coefficients, relative
G-coefficient (G,) and absolute G-coefficient (G,),
for the object of measurement (person) in a generaliz-
ability study. The relative model of measurement is
based on a norm-referenced manner in which a per-
son’s assessment score is compared against the scores of
others (Vispoel ez al., 2018). G, accounts for a relative
error variance (c2) which is related to the I facet (object
of measurement) that may affect a relative measurement
(e.g. interaction between person and occasion — PxQ,
and interaction between person and item — PxI) and
includes divisions by desired sample sizes (Shavelson
and Webb, 1991). Both G coefficients are estimating
reliability of an enduring pattern of a measurement if the
person (P) is differentiation facet. Specifically, G, of
0.80 or higher is determined as good reliability of
assessment score (Cardinet er al, 2011), while Ga
above 0.70 is considered as acceptable reliability
(Arterberry et al., 2014; Truong et al., 2020). Both a
state component index (SCI) and trait component
index (T'CI) were obtained, which represent the vari-
ance proportion attributed to a dynamic (state) and an
enduring (trait) pattern in a measure (Medvedev ez al.,
2017). SCI of 0.60 or higher (TCI< 0.40) would
indicate that variance is reflecting a dynamic pattern.
On the contrary, TCI above 0.60 (SCI < 0.40) would
signify that variance is reflecting an enduring pattern.
In the D-study, variance components were computed
for each individual item, and effects of removing facets
levels were examined to optimize the reliability of the
MAC-Q and the IQCODE.

IBM SPSS Statistics 25 software was used to
compute estimates that related to CTT approaches
and descriptive statistics including means, SD,
Cronbach’s alpha, and intraclass correlation coeffi-
cient (ICC) for the IQCODE and the MAC-Q.
Logistic regression analyses were conducted to
examine how the IQCODE and the MAC-Q were
able to predict the incidence of dementia across
occasions 2-5. Three logistic regression models
were carried out for each occasion. Each logistic
regression model involved the outcome variable of
dementia diagnosed with one predictor of either
MAC-Q scores or IQCODE scores at the same
occasion. Moreover, linear regression analyses
were also used to estimate ability of these measures
to predict global cognition scores across the first four
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occasions. Three independent linear regression
models were conducted at each occasion with the
outcome variable of global cognition scores and
either MAC-Q scores or IQCODE scores as a
predictor. Prior to all regression analyses, assump-
tion tests were conducted to screen for potential
violations.

Results

G-study

The variance components attributed to person (),
item (I), and occasion (O), and their interactions (PxI,
PxO, IxO, and PxIxO) together with generalizability
coefficients and state and trait component indices are
presented in Table 1 for the MAC-Q and the IQ-
CODE. The IQCODE showed better reliability and
generalizability of scores across persons and occasions,
with both relative and absolute G coefficients of 0.86,
95% CI [0.84; 0.88]. Measurement error was pre-
dominantly explained by PxI and PxO interactions for
the IQCODE, which together explained 77.1% of the
total error variance after accounting for the true person
variance. Slightly lower, but still acceptable values
(Gr=0.80, 95% CI [0.77; 0.83]; Ga=0.77, 95%
CI [0.73; 0.81]) were observed for the 6-item
MAC-Q, with the main source of error variance
due to the PxI interaction explaining 35.7% of the
total error variance. Consistent with reliability esti-
mates, T'CI values were 0.96 for the MAC-Q and 0.95
for the IQCODE indicating that both instruments
reliably assess enduring patterns of SCC.

D-study

A series of generalizability analysis were conducted to
obtain variance components for each individual items
of the MAC-Q and IQCODE. The item-level esti-
mates for variance of person, occasion, and person—
occasion interaction, together with computed SCI, are
included in Supplementary Table S3. There was only
one MAC-Q item reflecting high sensitivity for transi-
tory changes in SCC patterns over time; “item-e:
Remembering the item[s] you intended to buy
when you arrive at the supermarket store or phar-
macy?”, which had the highest SCI of 0.66. The other
five items of the MAC-Q revealed an SCI range from
0.15 to 0.45 indicating a lower proportion of variance
associated with dynamic changes in SCC over time.
However, all IQCODE items reflected predominantly
enduring patterns of SCC.

Six additional generalizability analyses were con-
ducted by excluding one item at a time for the
MAC-Q, as we expected that this may result in improv-
ing the reliability of the scale in measuring enduring
patterns of SCC (Supplementary Table S4a). The first
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Table 1. G-study estimates for the MAC-Q and IQCODE
including standard errors of the grand mean (SE),
coefficient G relative (Gr), coefficient G absolute (Ga),
trait component index (TCl), state component index
(sc1), grand mean (GM), variance components (%),
and for the Person (P) x Occasion (0) x Item (1)
design including interactions (n=232)

MAC-Q IQCODE
FACETS c? % o? %
P 0.044 0.019
I 0.000 2.9 0.000 2.2
(o) 0.001 5.5 0.000 2.1
PxI 0.005 35.7 0.001 39.6
PxO 0.002 12.6 0.001 37.5
IxO 0.000 3.5 0.000 1.5
PxIxO 0.005 39.7 0.001 17.1
Grand mean 3.224 3.155
SE 0.042 0.137
Gr 0.80 0.86
Ga 0.77 0.86
TCI 0.96 0.95
SCI 0.04 0.05

Note: Numbers in bold signify acceptable reliability/generalizability
coefficients.

analysis involved removing the first item (item-a), with
subsequent analyses removing one item at a time and
examining reliability. Removing the final item (f) of the
MAC-Q “In general, how would you describe your
memory as compared to 10 years ago?” was the only
analysis that resulted in improvement of both relative
and absolute G coefficients above 0.80 benchmark,
suggesting that the 5-item MAC-Q (.e. MAC-Q with-
out item f) has better reliability compared to the 6-item
MAC-Q. Next analyses involved removing one occa-
sion at a time for the MAC-Q (Supplementary Table
S4b) to examine how this affects the reliability of the
scale. Removing any occasion only slightly decreased
both G coefficients, which remained in the acceptable
range.

Additional G-analyses were conducted on the
IQCODE (Supplementary Table S5), which
involved removing items more sensitive to dynamic
SCC with SCI> 0.40 in attempt to optimize reli-
ability. This resulted in lower G-coefficients com-
pared to the original IQCODE. Additionally,
removing one occasion at a time for the IQCODE
only slightly decreased G-coefficients. These find-
ings together support reliability of the IQCODE
with the current measurement design.

CTT analyses

Descriptive statistics for the 5-item MAC-Q, the
6-item MAC-Q, and the IQCODE at five occasions
are presented in Supplementary Table S6. The
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Table 2. Logistic regression model coefficients for the MAC-Q and IQCODE variables across occasions 2—5

predicting the incidence of dementia

PREDICTING DIAGNOSIS MPC 1] SE (B) P Expr(B) [95% CI]
Occasion 2:
MAC-Q (5-item) 97.6 1.21 0.13 0.35 1.13 [0.88, 1.45]
MAC-Q (6-item) 96.9 -0.10 0.11 0.37 0.91 [0.73, 1.13]
IQCODE 98.2 5.73 0.90 <0.001 308.80 [53.24, 1791.26]
Occasion 3
MAC-Q (5-item) 93.9 0.28 0.07 <0.001 1.32 [1.14, 1.53]
MAC-Q (6-item) 94.0 0.30 0.06 <0.001 1.35 [1.19, 1.53]
IQCODE 94.8 4.05 0.53 <0.001 57.13 [20.07,162.66]
Occasion 4
MAC-Q (5-item) 90.8 0.29 0.06 <0.001 1.34 [1.20, 1.50]
MAC-Q (6-item) 90.9 0.25 0.05 <0.001 1.29 [1.17, 1.42]
IQCODE 92.3 3.58 0.39 <0.001 36.01 [16.74, 77.48]
Occasion 5
MAC-Q (5-item) 80.8 0.16 0.07 0.02 1.17 [1.03, 1.33]
MAC-Q (6-item) 78.2 0.05 0.30 0.30 1.05 [0.96, 1.14]
IQCODE 85.3 3.65 0.41 <0.001 38.60 [17.31, 86.108]

Note: MPC: model percentage correct; Exp(f): the exponentiation of the p-coefficient.

internal consistency Cronbach’s alpha of the 6-item
MAC-Q was fair to good over five occasions and
ranged between 0.57 and 0.76, which was consistent
with values reported by other studies (Buckley ez al.,
2013, Crook er al., 1992; Reid et al., 2012). Given
lower Cronbach alpha, we explored a possibility of
multidimensionality that could impact on internal
consistency of the MAC-Q with the current dataset
using full sample at occasion 1 (n = 1011) by applying
exploratory factor analysis. The results showed only
one factor with eigenvalue >1 using Kaiser criterion,
and the scree plot clearly indicated elbow after one
factor with loading on the first principle component
ranging from 0.53 to 0.75 supporting unidimension-
ality of the MAC-Q. Temporal stability was sup-
ported by ICC of 0.84 across all occasions. The
mean scores of the 5-item MAC-Q were only signifi-
cantly different between occasion 1 and 2, while that
of the 6-item MAC-Q were significantly different
between occasion 1 and occasions 2 and 3. The
IQCODE demonstrated higher internal consistency
with Cronbach’s alphas ranging from 0.84 to 0.95,
though the ICC of 0.70 was lower than both MAC-Q
scales. Overall, the MAC-Q and IQCODE scales
showed acceptable to high internal reliability and
acceptable temporal reliability for a measure of
enduring patterns over time, which is consistent
with G-study results.

To evaluate predictive validity of the original
MAC-Q (6-item), the shortened MAC-Q (5-item),
and the IQCODE, a series of binary logistic regression
analyses were conducted to predict risk of incident
dementia. Table 2 presents coefficients for the models’
predictors as well as model percentage correct, for the
three SCC measures across the four follow-up
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occasions (occasion 1 was excluded because all parti-
cipants were initially healthy). Prior to the analyses,
assumption testing was conducted for all the models
and did not indicate any violations. The Hosmoer and
Lemeshow tests indicated good fit for these logistic
regression models (all p’s > 0.05). Accuracy of all mod-
els across occasions were ranging from 78.2% to 98.2%
in their predictions of incidence of dementia. The
IQCODE significantly predicted incident dementia
at all examined occasions, with all p’s < 0.001. Whereas,
the two versions of the MAC-Q (i.e. 5-item vs. 6-item)
were only significant predictors of dementia incident on
occasions 3 and 4 with p’s < 0.02 but not at occasions 2
and 5 (p’s > 0.30).

Table 3 presents a series of linear regression
analyses conducted to determine the relationship
between predictors such as the two MAC-Q scales
and the IQCODE, and the outcome measured as
participants’ global cognition scores at the first four
occasions. Several assumptions were evaluated for
these linear regression models prior to the interpre-
tation of the results. The data were distributed close
to normal with skewness values for all variables in
the models ranging from — 1.03 (dementia diagnose
at occasion 4) to 2.12 (5-item MAC-Q scores at
occasion 5). Inspection of normal probability plots
of regression standardized residuals also indicated
that these variables were normally distributed. The
scatterplots of standardized residuals were com-
pared against standardized predicted values and
also revealed that these variables met the assump-
tions of linearity and homoscedasticity of residuals
and were free from univariate outliers. Finally, there
were no multicollinearity issue because only one
predictor was independently tested for each model.
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Table 3. Linear regression model coefficients for the MAC-Q and IQCODE variables across occasions 1-4

predicting the global cognition scores

PREDICTING COGNITION R? g SE (B) P STANDARDIZED f [95% CI]
Occasion 1
MAC-Q (5-item) 0.002 —-0.04 0.03 0.13 —-0.05 [-0.11, 0.01]
MAC-Q (6-item) 0.004 -0.04 0.02 0.06 —0.06 [0.10, 1.16]
IQCODE 0.030 -1.02 0.19 <0.001 —-0.17 [-0.24, —0.11]
Occasion 2
MAC-Q (5-item) 0.022 -0.14 0.03 <0.001 -0.15 [-0.22, —0.08]
MAC-Q (6-item) 0.012 —-0.08 0.03 <0.01 —0.11 [-0.18, —0.04]
IQCODE 0.055 -1.31 0.20 <0.001 —-0.24 [-0.31, —0.17]
Occasion 3
MAC-Q (5-item) 0.011 -0.10 0.04 <0.01 —0.11 [-0.18, —0.03]
MAC-Q (6-item) 0.014 —-0.09 0.03 0.00 —0.12 [-0.18, —0.05]
IQCODE 0.040 —-0.94 0.19 <0.001 —0.20 [—-0.28, —0.12]
Occasion 4
MAC-Q (5-item) 0.050 -0.21 0.04 <0.001 -0.23 [-0.31, —0.15]
MAC-Q (6-item) 0.047 -0.16 0.03 0.00 —-0.22 [-0.29, —0.14]
IQCODE 0.085 -1.12 0.16 <0.001 —-0.29 [-0.37, —0.21]

Note: SE (B): standard error of the B-coefficient.

The IQCODE significantly predicted global cogni-
tion scores for all four occasions, with all p’s < 0.01,
while both MAC-Q versions were not significantly
associated with global cognition at the first occa-
sion (p’s > 0.05).”

Discussion

The aim of the current study was to evaluate and
optimize reliability and distinguish between
dynamic and enduring patterns in the MAC-Q
(self-report) and IQCODE (informants) SCC mea-
sures using G-theory. The results showed that the
optimized 5-item MAC-Q and the IQCODE were
reliable in measuring enduring pattern of SCC with
G-coefficients of 0.80 and higher, and index of trait
(T'CI) above 0.94, suggesting that their scores are
generalizable across sample population and occa-
sions. In line with previous research (Slavin ez al.,
2015), we found that the IQCODE SCC scores
significantly predicted risk of dementia incident
and global cognition across all occasions, while
the MAC-Q scores were only significant predictors
on some occasions. However, these results should
be interpreted with caution due to differences in
length and format between the IQCODE and the
MAC-Q. Together our findings suggest that the
MAC-Q reliably measures individual levels of
SCC, but these self-reported SCC may be less
accurate in reflecting cognitive abilities and diagno-
sis of each individual. It is possible that the MAC-Q
tends to reflect individual tendencies to report com-
plaints (e.g. about their self-perceived memory
errors) rather than their actual cognitive capacities.
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In other words, some people may have stronger
tendency to ruminate on everyday memory errors
or lean toward complaining behavior, which may not
necessary reflect their actual cognitive abilities. Con-
sistent with the recent clinical literature, SCC may
be related to anxiety and stress in individuals with
normal cognition (Chin ez al., 2019). The outcome
of our study has clinical implications, which under-
score the importance for clinicians to seek corrobo-
ratory evidence from knowledgeable informants in
their follow-up of aging patients. This, in turn, could
help in detection of MCI, which is the preclinical
stage of the trajectory of cognitive decline, and
would assist in ongoing clinical management and
planning, as once dementia is diagnosed, it runs a
debilitating course (Langa and Levine, 2014).

A D-study was conducted to examine psychometric
properties of individual items of the MAC-Q and
IQCODE in an effort to optimize reliability of the
measurement. Results showed that most individual
items of the IQCODE and MAC-Q measured endur-
ing patterns of SCC, except item-e¢ of the MAC-Q
(item-e: “Remembering the item([s] you intended to
buy when you arrive at the supermarket store or
pharmacy”). However, removing this item did not
improve the reliability of the MAC-Q in measuring
enduring pattern of SCC. Similar results were found
when removing each item of the MAC-Q one at a
time, with the exception of the last item (item-f: “In
general, how would you describe your memory as
compared to 10years ago?”). Removing this last
item boosted the marginally acceptable reliability of
the 6-item MAC-Q (G=0.77-0.80) up to G=0.80-
0.81 in the optimized 5-item MAC-Q. No reliability
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improvements were achieved by manipulating mea-
surement design of the IQCODE, suggesting optimal
reliability of the scale in the current measurement
design.

Strengths and limitations

The main strength of the study was to apply the
comprehensive methodology of G-theory to a rela-
tively large sample in a longitudinal study spanning
over 10years. However, limitations need to be
acknowledged. The study was conducted with parti-
cipants recruited from a relatively small catchment
area in Sydney, Australia. Moreover, the participants
belonged to a predominantly White (European) ethnic
group, and the generalizability to other ethnicities is
questionable. Recent research suggests that cultural
variations contribute to vulnerabilities and resilience
across a range of health issues (Choo ez al., 2017). As
such, it would be beneficial to replicate these analyses
on samples comprising other ethnicities, including
culturally and linguistically diverse groups. This study
aimed to analyze data from five occasions with equal
intervals of 2 years; however, the interval between
occasion 4 and occasion 5 was 4 years, as MAC-Q
data were missing for wave 5 (8-year follow-up) assess-
ments. Future studies should endeavor to replicate
these analyses using equal intervals between occasions.

The findings of this study added evidence sup-
porting the benefits of using the informant SCC
report. However, due to differences between the
IQCODE and the MAC-Q format, more accurate
comparison between informants’ reports measured
by the IQCODE and self-reports could be achieved
using the self-report version of the IQCODE - the
Informant Questionnaire on Cognitive Decline-
Self-report (IQCODE-SR) (Jansen et al., 2008).
Therefore, further studies are warranted to compare
the IQCODE with the IQCODE-SR.

In addition, this study did not control for demo-
graphic variables (e.g. age, sex, socioeconomic, and
education status), mood, or personality in both sets
of regression analyses. Nevertheless, the results of
G-analyses indicated that the IQCODE and both
versions of MAC-Q were measuring enduring pat-
tern of SCC and were less affected by dynamic and
transient conditions such as mood. Notably, less
than 20% of variance was explained by error due to
temporal factor and interactions (G = 0.80-0.86).

Conclusion

The findings of this study indicated that the IQCODE
and MAC-Q assessment scores were generalizable
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across sample population and occasions and captured
enduring patterns of SCC over 10 years. The opti-
mized 5-item MAC-Q was superior to the original
6-item scale when assessing SCC over time. While
clinicians and researchers could rely on both partici-
pants and informants’ SCC reports of the IQCODE
and the MAC-Q, self-reported (MAC-Q) scores may
be less accurate in predicting cognitive ability and
diagnosis of each individual.
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