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Abstract

Cognitive reserve explains the differences in the susceptibility to cognitive impairment related to brain aging, pathology,
or insult. Given that cognitive reserve has important implications for the cognitive health of typically and pathologically
aging older adults, research needs to identify valid and reliable instruments for measuring cognitive reserve. However, the
measurement properties of current cognitive reserve instruments used in older adults have not been evaluated according to
the most up-to-date COnsensus-based Standards for the selection of health status Measurement INstruments (COSMIN).
This systematic review aimed to critically appraise, compare, and summarize the quality of the measurement properties of
all existing cognitive reserve instruments for older adults. A systematic literature search was performed to identify relevant
studies published up to December 2021, which was conducted by three of four researchers using 13 electronic databases and
snowballing method. The COSMIN was used to assess the methodological quality of the studies and the quality of meas-
urement properties. Out of the 11,338 retrieved studies, only seven studies that concerned five instruments were eventually
included. The methodological quality of one-fourth of the included studies was doubtful and three-seventh was very good,
while only four measurement properties from two instruments were supported by high-quality evidence. Overall, current
studies and evidence for selecting cognitive reserve instruments suitable for older adults were insufficient. All included
instruments have the potential to be recommended, while none of the identified cognitive reserve instruments for older adults
appears to be generally superior to the others. Therefore, further studies are recommended to validate the measurement
properties of existing cognitive reserve instruments for older adults, especially the content validity as guided by COSMIN.
Systematic Review Registration numbers: CRD42022309399 (PROSPERO).
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Introduction In the absence of the treatment of dementia, efforts

should focus on exploring mechanisms and strategies

Globally, around 50 million people are currently liv-
ing with dementia, and the incidence of dementia is
expected to more than triple by 2050 (Patterson, 2018).
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to slow down the neuropathological changes and cogni-
tive decline. Significantly, some older adults who met a
neuropathologic diagnosis of high or intermediate likeli-
hood of Alzheimer’s dementia (AD) may perform in the
cognitively normal range, based on the Braak score for
neurofibrillary pathology and the Consortium to Estab-
lish a Registry for AD estimate of neuritic plaques as
recommended by the National Institute on AgingReagan
criteria (Bennett et al., 2006). Therefore, there exists
a difference between the number of neuropathological
changes present in the brain and the individual cognitive
function (Morris et al., 1996; Negash et al., 2013).
Cognitive reserve is a property of the brain that allows
for cognitive performance that is better than expected based
on the degree of neuropathology, explaining the tolerance
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and difference in the susceptibility to cognitive impairment
related to brain aging, pathology, or insult (Stern et al.,
2020). Growing empirical evidence has demonstrated that
cognitive reserve and its components were associated with
decreased risk of developing dementia (Almeida-Meza
et al., 2021; Nelson et al., 2021; Valenzuela et al., 2011; Van
Loenhoud et al., 2019; Xu et al., 2019) and slower cognitive
decline in global cognitive function, episodic memory, and
working memory, or visuospatial ability among older adults
(Li et al., 2021; Sumowski et al., 2014). This highlights the
relationship between cognitive reserve and identifying the
risk of developing dementia and underlines the importance
of early interventions associated with cognitive reserve to
delay the onset of cognitive decline in older adults. Given
that cognitive reserve has important implications in attenu-
ating the influence of dementia-related adverse outcomes
on cognition of typically and pathologically aging older
adults (Arenaza-Urquijo & Vemuri, 2018, 2020), it is cru-
cial for research to identify valid and reliable instruments
for assessing cognitive reserve. However, cognitive reserve
is a theoretical and hypothetical construct that is difficult to
assess using direct quantitative measures, the major barrier
to studying cognitive reserve lies in its assessment (Jones
etal., 2011).

Cognitive reserve, in essence, is related to multiple fac-
tors. Traditionally, proxies and convenient indicators such
as education, occupation, verbal IQ, and cognitive activity
were often used, and these proxies have been proven to miti-
gate or moderate between pathology and cognitive decline
(Boyle et al., 2021; Opdebeeck et al., 2016; Sajeev et al.,
2016). In addition to single proxies, measurement models
with composite proxies using combinations of proxies were
operationalized to assess cognitive reserve as well. Nelson
et al. (2021) categorized and summarized two approaches to
quantify cognitive reserve, including the residual variance
approach and the composite proxy approach. The former
model, based on a reflective measurement model for reserve,
operationalized cognitive reserve as the unexplained cogni-
tive residual variance between predicted and actual cognitive
performance considering neuropathology, which described
the relationship between the latent variables (i.e., cognitive
reserve) and explicit indicators. Whereas the latter model
is estimated as a formative measurement model, measur-
ing cognitive reserve by synthesizing various proxies such
as years of education, IQ tests, occupation), which showed
the association between the latent variable (i.e., cognitive
reserve) attributed to a combination of indicators.

In addition, several standardized questionnaires based
on proxy indicators were developed and validated to meas-
ure cognitive reserve specifically. Generic patient-reported
outcome measures (PROMs) include the Cognitive Reserve
Index questionnaire (CRIq) (Nucci et al., 2012), Cognitive
Reserve Questionnaire (CRQ) (Rami et al., 2011), Cognitive
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Reserve Scale (CRS) (Leé6n et al., 2011), Cognitive Reserve
Assessment Scale in Health (CRASH) (Amoretti et al.,
2019), Lifetime of Experiences Questionnaire (LEQ)
(Valenzuela & Sachdev, 2007), Premorbid Cognitive Abili-
ties Scale (PCAS) (Apolinario et al., 2013) and Retrospec-
tive Indigenous Childhood Enrichment (RICE) (Minogue
et al., 2018). These proxy indicators in the PROMs are form-
ative and lead to the development of cognitive reserve (Stern
et al., 2020), and the causal ordering held that accumulation
of these proxy indicators created higher cognitive reserve in
late life (Jones et al., 2011). Thus, the questionnaires were
based on formative measurement models, while the forma-
tive measurement model shows the association between
different latent variables that consist of a combination of
indicators, and the direction of causality is from items to
construct (Coltman et al., 2008; Jarvis et al., 2003).

Relatively, although the residual variance approach and
composite proxy approach both exert a strong effect on cog-
nitive decline (Nelson et al., 2021), AD biomarker (e.g.,
hippocampal volume, gray matter volume, CSF total tau,
and Ap-42) and cognitive domains (e.g., attention, verbal
memory, global cognitive performance and an average of
standardized domain-specific tests) quantified differently
in residual variance approach, additionally, proxies quali-
tatively varied in the composite proxy approach including
measures such as vocabulary subtest of the Wechsler Adult
Intelligence Scale-Revised, American National Adult Read-
ing Test, occupation level, and years of education. Thus, they
may often result in inconsistency and heterogeneity, mak-
ing it difficult to compare different research findings. Since
heterogeneity in cognitive reserve measures could indicate
that some of them are not valid or reliable, efforts need to
explore standardized methods to better measure cognitive
reserve in ethnically and racially diverse older adults, which
might make up for the shortcoming of the lack of uniform
cognitive reserve measurement methods. Hence, it is helpful
to use standardized measurement to assess cognitive reserve.
Furthermore, COnsensus-based Standards for the selection
of health Measurement INstruments (COSMIN) provides
the methodology to assess the methodological quality of the
included studies and measurement properties, which could
help the selection of instruments for a given situation in
clinical practice and research.

To our knowledge, only three systematic reviews on cog-
nitive reserve instruments have been published (Kartschmit
et al., 2019; Landenberger et al., 2019; Nogueira et al., 2022)
summarized five instruments in the form of scales and ques-
tionnaires used to measure cognitive reserve, including CRS
(Ledn et al., 2011), CRIq (Nucci et al., 2012), CRQ (Rami
et al., 2011), LEQ (Valenzuela & Sachdev, 2007) and Life-
time Cognitive Activity Scale (LCAS) (Wilson et al., 2003),
but not covering all the existed cognitive reserve scales or
questionnaires. What’s more, Nogueira et al. (2022) focused
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on the frequency of the assessments and identified the quan-
titative assessments of cognitive reserve, which means cog-
nitive reserve questionnaires and scales (for example, CRIq,
CRQ, LEQ) and cognitive tests (for example, National Adult
Reading Test, vocabulary scores of Wechsler Adult Intelli-
gence Scale-Revised) that could generate a total score cor-
responding to the individual level of cognitive reserve. How-
ever, Landenberger et al. (2019) and Nogueira et al. (2022)
differed on the instruments and did not report and analyze
the psychometric properties used for the PROMs, mak-
ing it difficult for clinicians and researchers to identify the
optimal instrument to assess cognitive reserve. In contrast,
Kartschmit et al. (2019) evaluated the psychometric proper-
ties of cognitive reserve questionnaires, nonetheless, they
stated that they evaluated studies published up to 2018 using
the new COSMIN checklist but rated the measurement prop-
erties of each questionnaire as ‘excellent’, ‘good’, ‘fair’, or
‘poor’, which was following the original COSMIN checklist.
The methodology they used contradicted the new COSMIN
as they stated, while Mokkink et al. (2018) recommended
the rating score of ‘very good’, ‘adequate’, ‘doubtful’, or
‘inadequate’ quality for each of the items in the updated
COSMIN checklist, because the older rating labels do not
accurately reflect the judgments given, and do not match the
descriptions used in the new COSMIN checklist. Thus, there
is a need to rate the measurement properties following the
updated COSMIN methodology rigorously and give some
recommendations on the measurement of cognitive reserve
in older adults.

At this point, this systematic review aimed to identify all
cognitive reserve instruments which have been developed,
adapted, or validated among older adults in the literature
and their psychometric properties. Additionally, the meth-
odological quality of the studies on measurement proper-
ties was also evaluated as indicated by the most up-to-date
COSMIN guidelines.

Methods

This systematic review was conducted according to the
COSMIN guidelines (Mokkink et al., 2018; Prinsen et al.,
2018; Terwee et al., 2018), which were used as methodo-
logical guidelines for this systematic review. Three consecu-
tive parts (i.e., Part A, Part B, and Part C) with the ten-step
procedure are recommended as COSMIN methodology
(Prinsen et al., 2018). Firstly, Part A involves performing
the literature search, which includes the first four steps, there
are formulating the aim of the review and eligibility crite-
ria, performing the literature search, and selecting relevant
articles. Secondly, in Part B, three sub-steps were used, con-
sisting of evaluating the methodological quality of content
validity, internal structure, and the remaining measurement

properties by the COSMIN Risk of Bias Checklist (Mokkink
et al., 2018; Prinsen et al., 2018; Terwee et al., 2018), apply-
ing criteria for good measurement properties by using the
updated criteria for good measurement properties (Prinsen
et al., 2018), and summarizing the evidence and grading
the evidence quality by using the Grading of Recommenda-
tions Assessment, Development, and Evaluation (GRADE)
approach (Schiinemann et al., 2013). Thirdly, Part C consists
of the remaining steps, including the evaluation of the inter-
pretability and feasibility of the PROMs, and formulating
and reporting of the systematic review.

Additionally, we followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Page et al., 2021) as reporting guidelines for this
systematic review (Supplementary File 1). This systematic
review was registered on the prospective international regis-
ter of systematic reviews (PROSPERO, CRD42022309399-
https://www.crd.york.ac.uk/prospero/).

Search Strategy

A comprehensive three-step search of published studies was
undertaken. An initial search was first conducted in PubMed
to capture keywords by analyzing the title and abstract and
index terms. Based on the findings of this search, structured
searches were conducted in China National Knowledge
Infrastructure (CNKI), Wanfang Data, China Science and
Technology Journal Database, China Biology Medicine
disc (CBMdisc), PubMed (MEDLINE), Embase (Ovid),
Web of Science (Thomson Scientific), Scopus (Elsevier),
Cumulative Index to Nursing and Allied Health Literature
Plus (CINAHL Plus) (EBSOCO), PsycInfo (EBSOCO),
Cochrane Library (Wiley), ProQuest Dissertations and The-
ses and medRxiv (https://www.medrxiv.org/).

All studies published up to 22 December 2021 were
included. We developed search strategies using Medical
Subject Headings terms and free text words accordingly for
each database. Search terms usually involve four key ele-
ments of the review aim: (1) construct, (2) population(s), (3)
type of instrument(s), and (4) measurement properties. The
search terms for the population were not used to broaden the
potential hits, thus, the construct (i.e., cognitive reserve) was
combined with the type of instruments and measurement
properties to build the search strategy and ensure that all
relevant literature was included. We developed a compre-
hensive filter provided for measurement properties (Terwee
et al., 2009) in PubMed. These search terms for cognitive
reserve, type of instruments, and measurement properties
were searched respectively, and then they were connected
by the Boolean operator. A summary of the search strategy
used in this study is provided in Supplementary File 2 in
detail. Finally, we manually searched the reference list of
the retrieved articles to identify additional relevant articles.
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Eligibility Criteria

All original studies conducted in any country published in
either English or Chinese were eligible for inclusion in this
study irrespective of the sample size. The following inclu-
sion criteria were used: (1) Type of instruments: original
studies aimed to measure the cognitive reserve; (2) Type
of participants: the study sample or at least 50% of them
should represent the population aged 60 or above, which
means a median participant age of 60 or above; (3) Type
of studies: studies that evaluated at least one of the COS-
MIN psychometric measurement properties, including the
development of a PROM (to rate the content validity), or
criteria necessary for the evaluation and the interpretability
of the PROMSs of interest, such as the distribution of scores
in the study population, the percentage of missing items,
floor and ceiling effects, the availability of scores and change
scores for relevant groups or subgroups, and the minimal
important change or minimal important difference (Griffiths
et al., 2015), were included in this systematic review. The
following exclusion criteria were used: (1) Study types were
conference proceedings, editorials, case reports, commentar-
ies, reviews, abstracts, newsletters, research protocols, edi-
torial letters; (2) Studies that provided indirect evidence of
the measurement properties, or used the instruments only to
measure outcomes (e.g., in randomized controlled trials), or
used the PROM to validate another instrument; (3) Studies
that did not include the full text.

Study Selection

EndNote 20 was used to manage the references. The
abstracts and full-text articles were independently and
respectively selected by two of the three reviewers (WW and
KW, or WW and JS), and any disagreements were resolved
through discussion between the two paired reviewers. A
fourth reviewer (ZL) was consulted if a consensus was still
not reached following discussions.

Data Extraction and Data Analysis

Two of the three reviewers (WW and KW, or WW and JS)
independently and respectively extracted data from the
included papers and appraised the studies. Any discrepan-
cies were resolved through a discussion between the two
reviewers. If the disagreement persisted, a fourth review
(ZL) was consulted.

For all included studies, the characteristics of the included
PROM and the results of the study on measurement prop-
erties were extracted and collected in two standardized
information forms. The data collected regarding the charac-
teristics of the included PROMs included item generation,
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target population, participants (sample size), number of older
adults, mode of administration (self-report, interview-based,
parent or proxy report, etc.), number of items, completion
time, response options, range of scores and the original lan-
guage of the study. The data extracted from the results of
studies on measurement properties included content valid-
ity, structural validity, internal consistency, reliability, and
hypothesis testing for construct validity.

The studies were rated using the three sub-step proce-
dures indicated by the COSMIN as described below.

Sub-Step 1: Evaluating the Methodological Quality
of the Included Studies

The COSMIN Risk of Bias Checklist (Mokkink et al., 2018;
Prinsen et al., 2018; Terwee et al., 2018) was used to evalu-
ate the methodological quality of the included studies. The
checklist is based on the following ten boxes: instrument
development, content validity, structural validity, internal
consistency, cross-cultural validity/measurement invariance,
reliability, measurement error, criterion validity, hypothesis
testing for construct validity, and responsiveness. The stud-
ies were scored using a four-point rating scale, including
‘very good’, ‘adequate’, ‘doubtful’, or ‘inadequate’ qual-
ity for each item in the boxes indicated by the COSMIN
checklist. An overall score was obtained based on the lowest
rating within the criterion called ‘the worst score counts’.
Among the measurement properties, content validity is the
most important measurement property of a PROM, because
it refers to the extent to which the content of the instru-
ment adequately reflects cognitive reserve, which shows
relevance, comprehensiveness, and comprehensibility of
the instrument.

Sub-Step 2: Applying Criteria for Good Measurement Properties

Consensus-based definitions of domains, measurement prop-
erties, and aspects of measurement properties in the COSMIN
checklist are reached by the COSMIN panel (Mokkink et al.,
2010). In terms of criteria for good measurement properties,
the result of the single study was rated against the updated cri-
teria for good measurement properties (Prinsen et al., 2018).
The measurement properties were rated as sufficient (+),
insufficient (—), or indeterminate (?). Definitions and qual-
ity criteria for measurement properties cited from COSMIN
manual (Mokkink et al., 2018; Prinsen et al., 2018; Terwee
et al., 2018) for systematic reviews of PROMs were presented
in Supplementary File 3.

However, the COSMIN can only assess the structural
validity criteria associated with confirmatory factor analy-
sis or item response theory (IRT) and does not provide the
criteria necessary for exploratory factor analysis (EFA). As
COSMIN stated that additional criteria could be used for



Neuropsychology Review (2024) 34:511-529

515

assessing the results of studies, therefore, additional criteria
were used to rate the EFA (Lee et al., 2020), including the
studies were rated as sufficient (+) if the provided factors
explained no less than 50% of the variance, indeterminate (?)
if the explained variance was not reported, and insufficient
(—) if the factors explained less than 50% of the variance.
In addition, for reliability, the criteria on COSMIN (Prinsen
et al., 2018) involved the intraclass correlation coefficient
(ICC) and weighted Kappa but did not mention the criteria
on Pearson’s coefficient. Thus, Lee et al.’s criteria (2020)
were referred to, including Pearson’s r greater or equal to
0.80 indicating sufficient (+), and Pearson’s r below 0.80
was rated as insufficient (—). If Pearson’s coefficient was
not provided, the study was rated as indeterminate (?). Since
there were no quality criteria available to assess feasibility
and interpretability, we described the data in the text.

Sub-Step 3: Summarizing the Evidence and Grading
the Evidence Quality

Since sub-step 1 and sub-step 2 focused on the methodologi-
cal quality of each study and measurement properties of the
PROM, sub-step 3 shed light on the quality of the PROM in its
entirety. At this step, all results per measurement property of a
PROM are quantitatively pooled when the studies are enough
or qualitatively summarized when the studies are limited.

To conclude the quality of the PROM, the consistency
of each measurement property rating between each study
should be considered. If the ratings were consistent between
studies, the results could be pooled and an overall rating
of sufficient or insufficient could be assigned to that meas-
urement property. If the ratings were inconsistent between
studies, further subgroup analysis was performed to evalu-
ate the factors leading to inconsistencies (e.g., different lan-
guages of a PROM); however, if no reasonable explanation
was found to explain the inconsistency, the overall rating of
this measurement property was rated as inconsistent (+).
On the other hand, if there was no information supporting
the rating, an indeterminate (?) overall rating was assigned.

Subsequently, the evidence was summarized and graded
as high, medium, low, or very low according to the modified
GRADE approach (Schiinemann et al., 2013). The quality
of the evidence was graded for each measurement property
and each PROM separately. Four of the five GRADE factors
were adopted in the COSMIN methodology, including (1)
Risk of bias (i.e., the methodological quality of the studies);
(2) Inconsistency (i.e., unexplained inconsistency of results
across studies); (3) Imprecision (i.e., the total sample size of
the available studies), (4) Indirectness (i.e., evidence from
different populations than the population of interest in the
review). It is important to note that the imprecision princi-
ple should not be used to assess content validity, structural

validity, and cross-cultural validity because a sample size
requirement has already been included in the COSMIN Risk
of Bias box for the measurement properties.

In addition, interpretability is the qualitative meaning of
a PROM’s quantitative scores or change scores (Mokkink
et al., 2010), while feasibility is the ease of using a PROM
given constraints such as completion time, ease of adminis-
tration, length of the instrument. Since interpretability and
feasibility are not measurement properties and no quality
criteria for them, we presented and described them in the
text but were not evaluated as they are important aspects of
choosing suitable instruments (Prinsen et al., 2018).

COSMIN recommendations for the most appropriate
PROM, consisting of three categories, are based on the cog-
nitive reserve of older adults (Prinsen et al., 2018). PROMs
are rated as ‘A’, which is trustworthy if they have sufficient
content validity at any quality level and sufficient inter-
nal consistency with evidence that is at least low-quality.
PROMs are categorized as ‘C’ if they have high-quality
evidence with an insufficient measurement property, and
these PROMS are not recommended for clinical use. All
other PROMs that do not fit either ‘A’ or ‘C” would be cat-
egorized as ‘B’, and these PROMS have the potential to be
recommended for use, requiring further validation research
to assess the quality.

Results
Studies Identification

The details of the systematic search and study selection
process are presented in a flow diagram (Fig. 1). The ini-
tial search strategy yielded 11,338 records. After remov-
ing duplicates, 5,795 reports were selected for screening at
the title and abstract levels. A total of 5,753 studies were
excluded as they did not meet the eligibility criteria of this
study. After evaluating the remaining 40 full-text studies,
four studies (Choi et al., 2016; Leon-Estrada et al., 2017,
Leén et al., 2011; Rami et al., 2011) involved four instru-
ments measuring the cognitive reserve in non-Chinese or
non-English languages were identified and were therefore
excluded. Moreover, after screening the full texts of the
included reports, nine studies (Altieri et al., 2018; Amoretti
et al., 2019; Apolinario et al., 2013; Cebi & Kulce, 2021;
Kaur et al., 2021; Leon et al., 2014; Maiovis et al., 2016;
Nucci et al., 2012; Ozakbas et al., 2021) were excluded
because they did not follow the age criteria that at least 50%
of the study sample older than 60 years old. An additional
study (Ourry et al., 2021) was included after snowballing.
Finally, seven studies were included for methodological
quality assessment.
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[ Identification of studies via databases and registers

} [ Identification of studies via other methods }

Records identified from:

Databases (n = 11338)
CNKI (n = 187)
Wanfang (n = 289)

CBMdisc (n = 23)

PubMed (n = 3592)
Embase (n = 2137)

Web of Science (n = 1579)

(n = 5543)

VIP (n =117) »| Records removed before screening:
Duplicate records removed

Records identified from:
Citation searching (n = 1)
medRxiv (n = 0)

Identification

Scopus (n = 1706)
CINAHL Plus (n = 3)
PsycINFO (n = 961)
Cochrane (n = 111)
ProQuest (n = 633)

— l

A4

Reports sought for retrieval 5| Reports not retrieved

Tl m=0)
:

Reports assessed for eligibility

[

Fig.1 PRISMA flow diagram of systematic search and study selection

Characteristics of the Included Studies

Within the seven studies, five different PROMs evalu-
ating the cognitive reserve for older adults were identi-
fied, including the English version of CRIq (E-CRIq)
(Garba et al., 2020), the modified version of CRS (mCRS)
(Relander et al., 2021), LEQ (Ourry et al., 2021; Paplikar
et al., 2020; Valenzuela & Sachdev, 2007), the American
version of LEQ (A-LEQ) (Gonzales, 2012), and RICE
(Minogue et al., 2018).

The characteristics of the included studies are summarized
in Table 1. All studies were published in English between
2007 and 2021. Two of the included studies were conducted
in America (n=2) (Garba et al., 2020; Gonzales, 2012), and
the rest were conducted in Finland (n=1) (Relander et al.,
2021), Australia (n=2) (Minogue et al., 2018; Valenzuela &
Sachdev, 2007), France, Germany, Spain and United King-
dom (rn=1) (Ourry et al., 2021), and India (n=1) (Paplikar
et al., 2020). The items used to generate the instruments were
based on existing instruments, including literature reviews
and interviews. These instruments were all self-reported
(Garba et al., 2020; Gonzales, 2012; Minogue et al., 2018;
Ourry et al., 2021; Paplikar et al., 2020; Relander et al.,
2021; Valenzuela & Sachdev, 2007). The target populations
included older adults attending hospital clinics or residing
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Records screened at title and -
— | Records excluded (n = 5753 -
abstract level (n = 5795) ( ) (n=1)
2
= Reports sought for retrieval | Reports not retrieved (n = 2)
3 (n=42) (n=1)
1}
’ !
A~ Reports excluded:
Reports assessed for eligibility pnot interest population (n = 9)
(n=40) > no measurement properties (n = 9)
no cognitive reserve measure (n = 4)
— conference abstract (n = 8)
— Not in English or Chinese (n = 4)
b
° Studies included in review
= _ <
‘_é (n=7) <

in nursing homes (Garba et al., 2020), receiving inpatient
care (Relander et al., 2021), and residing in either inpatient
or community dwellings (Minogue et al., 2018; Ourry et al.,
2021; Paplikar et al., 2020; Valenzuela & Sachdev, 2007), or
independent residential facilities, senior centers or wellness
centers (Gonzales, 2012). Among them, one study included
people below the age of 60, however, since the median age
of the participants in this study was 62 years, it was still
included in the analysis (Relander et al., 2021). The stud-
ies involved older adults who were cognitively normal
(Gonzales, 2012; Minogue et al., 2018; Ourry et al., 2021;
Relander et al., 2021; Valenzuela & Sachdev, 2007), cogni-
tively impaired (Garba et al., 2020), or both of them (Paplikar
et al., 2020).

The instruments were composed of 18 to 42 items, gen-
erally divided into diverse domains. Three instruments
(Gonzales, 2012; Ourry et al., 2021; Paplikar et al., 2020)
were based on the translated version of the LEQ with 42
items (Valenzuela & Sachdev, 2007), one instrument was
based on the modified LEQ instrument (Gonzales, 2012)
with 36 items. The completion time of the cognitive reserve
instruments ranged from 15 to 35 min. The item-response
type included choices with frequency, Likert scales with
five points, free responses, or a mixed combination of the
three-item response types.
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" Lo In terms of content validity, the study by Valenzuela and
g ;éﬁ B Sachdev (2007) was rated as ‘inadequate’ as no information
2 S § was provided on how the content validity was performed.
3 £ é Conversely, the content validity of the Paplikar et al. (2020)
] = .
R > 5] E study was rated as ‘doubtful” as they reported the face valid-
g ity instead. Additionally, the face validity was measured by
g 52 an expert committee using a subjective assessment tool that
2S5 -2 . . ; .
TYEE = 5 did not specify the exact items used for the evaluation. The
(= 17
&8 2= 3= 1s
R > > 5> > > > > |5 2 structural validity of the study by Valenzuela and Sachdev
g % (2007) was scored as ‘doubtful’ because the sample size
% '-%0 (n=179) was lower than seven times the number of items
§ & % 5 and the sample size of 100 was not appropriate, while the
= g .
2 % 55 study by Ourry et al. (2021) used Dual Multiple Factor
Q . . .
hdld E % Analysis that is exploratory factor analysis, so the score
E g § methodological quality of structural validity was rated as
§ g ‘adequate’. The cross-cultural validity of Ourry et al. (2021)
° Z x5 2 ® was ‘inadequate’ because the sample size included in the
= L = = . . .
2|25 %é ‘Zf, analysis was less than 100 subjects per group. The reli-
< =i a1 .
2 ° 5 ability of the Valenzuela and Sachdev (2007) and Paplikar
> £ . . .
g2 lz 885 et al. (2020) studies were judged as ‘doubtful” since the
S ‘.E & % appropriateness of the time interval on the test-retest design
= = . . .
2 2 < A A a < ia) g was not stated, the COSMIN Risk of Bias Checklist stand-
&é _ g % ardized that an appropriate time interval should get rid of
- O .= . o,
& £ g Y ©3g recall bias and ensure that the cognitive reserve of older
< = ] = 2
= |8% 8 g ° 5 adults has not altered.
S |s2 8 E = .
AR ERE S g The A-LEQ (Gonzales, 2012) was evaluated in one study,
] =D . . .
g © = EA — -1 gL in which four measurement properties were scored. The con-
2 Z %] struct validity was based on the comparison with the Mini-
“gﬂ _ E’ L%“ g Mental State Exam (MMSE). However, Gonzales (2012)
= 3 = .
& £ z 5 stated MMSE was an instrument used to assess convergent
D
é E§ > > > > > % % validity; thus, we assessed the association as convergent
= m %’ validity. The methodological quality of the structural validity
g | s E was ‘inadequate’ because of the limited sample size (n=90).
= < q p
<
§ S =X g The reliability was ‘doubtful” as Pearson’s correlation coef-
s = ]
>I1E= A« P T H ficient was used to assess the retest reliability of the LEQ.
Q — . — 1 . .
3 s < The RICE was evaluated in one study (Minogue et al.,
g . Q‘é 2018), in which seven measurement properties were scored.
"§ . b= g The internal consistency and construct validity were
ERE: = § Z deemed as ‘very good’. The PROM development was rated
S = . .
g21lo? — A — A & as ‘doubtful’ because the details of the pilot study were not
bS] - s 8 reported. The relevance and comprehensiveness for profes-
é g % § sionals were not assessed for content validity, so the score
Z % £ g & in the COSMIN checklist was ‘inadequate’. The structural
[
2|25 A A <'é o validity was ‘adequate’ because EFA was performed. The
= o . . .
2|, e measurement invariance based on the different modes of
s | g S Q .. . .
% 2 S 035 administration was scored as ‘inadequate’ because the sam-
E E % gﬁl ple size was smaller than 100 per group.
o | &= o =] — = > o
Z |£ = & 3-8 |0
2|3 § & ¢3&8 5 8|72 Sub-Steps 2 and 3: Results of the Measurement
5| g S T 5SS § I3 Properties and Quality of Evidence of the PROMs
3 = 5 =33 5| .2
= | g .5 5 E%s5 & g|E9
N2 SEg: 5z=9%F8 2|5z Th t of th t ties and th
2% LR EENN N BE|Es e assessment of the measurement properties and the
S A - R R - el quality of evidence are presented in Table 3. Due to limited
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studies using PROMs to measure cognitive reserve in older
adults, it was impossible to perform statistical analysis
on the pooled results. Therefore, instead, we reported the
measurement properties and the best evidence synthesis per
measurement property separately. Furthermore, there was
no formal information on the interpretability of the cogni-
tive reserve instruments in the studies. The completion time,
length of the instrument, type of administration, and avail-
ability in different settings were summarized regarding the
feasibility (Table 1). However, no information was provided
concerning the patients’ or clinicians’ comprehensibility and
the ease of standardization, calculation, and administration
of each instrument.

The E-CRIq is an English version instrument used to
assess cognitive reserve in people with AD. The instrument
scored low evidence for sufficient reliability and moderate
evidence for insufficient construct validity (Garba et al.,
2020). The study showed an insignificant, weak positive
correlation statistically (r=0.30, p=0.10) between scores
obtained using the WTAR and E-CRIq.

The mCRS is a 20-item scale without the items used to
assess daily living in the original instrument. The quality of
the evidence for this instrument was rated as low for struc-
tural validity and construct validity (Relander et al., 2021).
Moreover, the quality of evidence for structural validity and
construct validity was rated as low, as it included young adults
and due to imprecision caused by the very small sample size
(n<100). Furthermore, in the absence of structural validity,
the quality of the internal consistency remained indeterminate.

The LEQ (Ourry et al., 2021; Paplikar et al., 2020;
Valenzuela & Sachdev, 2007) was developed to measure
the cognitive reserve of older adults. The three studies that
used the LEQ were conducted in Australia, France, Ger-
many, Spain, the United Kingdom, and India. Given the
risk of bias in the methodological quality of studies, the
quality of the evidence regarding sufficient content validity
was low. The structural validity with low-quality evidence
was inconsistent because Valenzuela and Sachdev (2007)
did not report the model fit for IRT. Therefore, internal
consistency was rated as indeterminate, as this study did
not meet the criteria of at least low evidence for sufficient
structural validity. The cross-cultural validity for the LEQ
was rated as sufficient with very low evidence quality, as
the small sample size per group led to an extremely serious
risk of bias.

The A-LEQ was modified from the LEQ, of which the
number of items was reduced from 42 to 36 (Gonzales,
2012). The structural validity score was ‘inadequate’ for the
A-LEQ, and therefore the evidence quality of this instru-
ment was rated as very low. The internal consistency rating
remained indeterminate without at least low-quality structural
validity. Due to the sample size of the study being below 100,
the imprecision rating was downgraded by one level, thus, the

internal consistency and hypotheses testing for the construct
validity showed a moderate quality of evidence. Additionally,
the study had sufficient reliability but was rated as having a
very low quality of evidence due to the high risk of bias and
imprecision caused by the small sample size.

RICE was designed for the Australian aboriginal popu-
lation (Minogue et al., 2018). The content validity for this
instrument was rated as sufficient, and the evidence qual-
ity was rated as very low due to the very serious risk of
bias. The measurement invariance and hypotheses testing
for construct validity were rated as high quality with suf-
ficient ratings.

Discussion

To the best of our knowledge, this is the first systematic
review aimed at evaluating the methodological quality of
studies and the rating of measurement properties on instru-
ments for cognitive reserve in older adults based on the most
up-to-date COSMIN methodology (Mokkink et al., 2018;
Prinsen et al., 2018; Terwee et al., 2018). This systematic lit-
erature review identified five instruments to assess cognitive
reserve in older adults. Nevertheless, their quality should
undergo further validation.

Quality of Measurement Properties

The most frequently evaluated evidence quality properties
were structural validity, internal consistency, reliability, and
hypotheses testing for construct validity. However, more
than half of the measurement properties were not assessed,
and none of the studies assessed the measurement error and
criterion validity. In addition, the methodological quality of
the three-seventh of the included studies was ‘very good’,
while the methodological quality of the studies was rated
as ‘doubtful’ for a quarter of the measurement properties.
The quality of the evidence was rated as low or very low for
about half of the measurement properties and as high in only
four of the measurement properties.

Content validity on cognitive reserve measurement was
scarce in older adults, as none of the PROMs provided
high- or moderate-quality evidence for content validity
in this systematic review. E-CRIq (Garba et al., 2020),
mCRS (Relander et al., 2021), and A-LEQ (Gonzales,
2012) were modified or adapted versions of the original
one without content validity, only LEQ (Ourry et al., 2021;
Paplikar et al., 2020; Valenzuela & Sachdev, 2007) and
RICE (Minogue et al., 2018) provided low evidence of suf-
ficient content validity. While content validity is deemed
the utmost important measurement property as it shows
the relevance, comprehensiveness, and comprehensibility
of the instrument, this lack of direct assessment of content
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validity means that the relevance or comprehensiveness or
comprehensibility of all these PROMs should be further
assessed on cognitive reserve among older adults.

Most of the information regarding the structural validity
and internal consistency in the evaluated studies was either
inconsistent or indeterminate. Since internal structures con-
cerning structural validity (including unidimensionality),
internal consistency, cross-cultural validity, and other forms
of measurement invariance, which refer to how the different
items in a PROM are related, are based on a reflective model
and not a formative model, it is essential to identify the
model used to develop the PROM (Mokkink et al., 2018).
However, the studies did not report the kind of measure-
ment model. According to the COSMIN user manual, if
the measurement model is not reported clearly, an assess-
ment of the internal structures is still recommended. As the
studies (Garba et al., 2020; Gonzales, 2012; Minogue et al.,
2018; Ourry et al., 2021; Paplikar et al., 2020; Relander
et al., 2021; Valenzuela & Sachdev, 2007) did not report
whether the instrument was based on a reflective, a forma-
tive or mixed measurement model, thus, we assessed all the
related measurement properties in this review, but it is still
critical to be cautious about the internal structure evaluated
in this systematic review.

Several reliability tests, including test-retest, inter-rater,
and intra-rater, were used to assess the reliability of the
PROMs. All the PROMs evaluated in this review provided
sufficient reliability indicating that the extent of cognitive
reserve scores for the elderly was the same for repeated
measurement under several conditions over time (De Vet
et al., 2011). However, the evidence for reliability ranged
from moderate (Ourry et al., 2021; Paplikar et al., 2020;
Valenzuela & Sachdev, 2007) to low (Garba et al., 2020) or
very low (Gonzales, 2012; Minogue et al., 2018) due to the
high risk of bias and relatively low sample size. Therefore,
the results of the reliability of cognitive reserve instruments
remain possibly inconclusive. Studies with a larger sample
size are recommended to improve the instrument’s reliabil-
ity. Furthermore, to lower the risk bias of the instrument’s
reliability in terms of study design, future studies should
report the appropriateness of the time interval on the test-
retest. As an aspect of statistical methods, ICC is recom-
mended compared with Pearson or Spearman correlation
coefficient for continuous scores, while weighted Kappa
with a weighting scheme is suitable for ordinal scores, and
Kappa for dichotomous and nominal scores.

Criterion validity can be subdivided into concur-
rent validity and predictive validity (De Vet et al., 2011).
Although some studies stated that the criterion validity
(Garba et al., 2020) or concurrent validity (Gonzales, 2012)
of the instrument was assessed, hypotheses testing for con-
vergent validity were performed. Firstly, convergent valid-
ity is based on the hypothesis principle whereby different
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measures of the same construct should correlate highly
with each other (De Vet et al., 2011). Secondly, concur-
rent validity considers both the score for the measurement
and the gold standard simultaneously (De Vet et al., 2011).
Nevertheless, the COSMIN panel concluded that no gold
standard exists for PROMs (Mokkink et al., 2010), the only
exception is when a shortened instrument is compared to the
original long version. Based on this, the criterion validity
of A-LEQ (Gonzales, 2012) should be compared with LEQ
(Valenzuela & Sachdev, 2007). WTAR (Garba et al., 2020)
and MMSE (Gonzales, 2012) were shown as gold standard
measurement tools of cognitive reserve in these two stud-
ies, but IQ and cognitive function were not the reliable gold
standard of cognitive reserve, because cognitive reserve has
rarely been assessed directly, and functional brain process
can be regarded as the closest direct measure (Stern et al.,
2020). Thirdly, predictive validity is used to assess whether
the measurement instrument predicts the gold standard in the
future (De Vet et al., 2011), thus, predictive validity for cog-
nitive reserve may predict less decline than expected given
the degree of brain pathology present in the longitudinal
studies. Given different operational definitions of cognitive
reserve, various standards can be chosen as the closest to
the gold standard but cannot be considered the gold stand-
ard. Therefore, the operational definitions of the cognitive
reserve are very critical, which determines the psychometric
properties.

Tool Recommendations

Evidence-backed summary of measurement properties can
ultimately be used in providing recommendations for select-
ing the most appropriate instruments for cognitive reserve
among older adults. To achieve this, the evidence for select-
ing suitable instruments in the included studies relays on
the evaluation of the measurement properties, interpret-
ability, and feasibility. Overall, we did not find any PROMs
with high-quality evidence for an insufficient measurement
property, and there were no studies with sufficient content
validity at any quality level and sufficient internal consist-
ency with evidence that is at least low-quality. Based on
COSMIN recommendations for the most appropriate PROM,
PROMs in this review are not rated as ‘A’ or ‘C’, therefore,
they could be classified as ‘B’, which means being apt to be
recommended for use, but demanding further research to
assess the quality of these instruments. Furthermore, since
there was not the best evidence for content validity, we can-
not find the one with to be recommended provisionally.

In addition, selecting a suitable PROM depends not only
on assessing the measurement properties but also on inter-
pretability and feasibility. The LEQ (Ourry et al., 2021;
Paplikar et al., 2020; Valenzuela & Sachdev, 2007) and
RICE (Minogue et al., 2018) were specifically developed
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for older adults and have been evaluated extensively. How-
ever, the completion time of LEQ is at least 30 min for older
adults (Ourry et al., 2021; Paplikar et al., 2020; Valenzuela
& Sachdev, 2007), which takes longer than E-CRIq. As a
result, some older adults may need a break halfway to com-
plete the questionnaire, which may increase the cognitive
burden and lead to a long data collection duration (De Vet
et al., 2011). In addition, the computation of the LEQ score
is complex, as three sections of life stages were calculated
at different points respectively, and a cuamulative score for a
specific section was summed and then normalized with the
non-specific subscores, finally, each life stage was weighted
33.3% towards the overall LEQ total score. In contrast, the
CRIq score can be easily calculated using an excel tool,
which computes more conveniently.

Implications for Clinical Practice

From a clinical perspective, high cognitive reserve is a key
factor in achieving cognitively healthy aging (Foley et al.,
2012). The higher cognitive reserve can reduce the risk of
mild cognitive impairment (MCI) and AD (Aguirre-Acevedo
et al., 2016; Soldan et al., 2017; Xu et al., 2019), and affect
the process of AD transformation (Bessi et al., 2018; Han
et al., 2021; Xu et al., 2020). Based on this, an important
consideration is the assessment of cognitive reserve using
instruments among older adults, which is crucial in facili-
tating screening for older adults, especially those who are
susceptible to or resistant to cognitive impairment due to
aging or brain injury.

This systematic review suggests that all the included cog-
nitive reserve instruments have the potential for assessment
of cognitive reserve for older adults, it is helpful to provide
an instrument basis for explaining the existing intervention
mechanism and efficacy or effectiveness. Nowadays, vari-
ous measurements may lead to some confusion about the
choice of appropriate methods. Except for questionnaires,
modeling cognitive reserve as a residual between risk fac-
tors, cognition, and brain status is a common method to
quantify cognitive reserve as well (Bocancea et al., 2021),
whereas the validity of the residual approach is determined
by the variables, and easy to capture unexplained variance.
Hence, valid and reliable questionnaires could facilitate
the clinical assessment of cognitive reserve at a low cost
and convenience to administer, which are standardized for
clinical measurement to ensure comparability and generaliz-
ability between different groups and studies. Furthermore,
these questionnaires method could be used as determinants
of cognitive reserve and enable the computation of residual
methods more objectively.

To hone in on the specific quality of these question-
naires, we used the up-to-date COSMIN to assess the qual-
ity of included cognitive reserve questionnaires among

older adults, and then summarize the quality of measure-
ment properties, interpretability, and feasibility. This study
supports evidence-based recommendations in selecting the
most appropriate PROM for clinical practice, and differ-
ent PROMs may be suitable for various purposes and may
depend on feasibility aspects as well. Therefore, clinicians
and nurses could choose optimal instruments to assess cog-
nitive reserve among older adults considering the quality,
time, and human conditions in a different context. If the time
is not limited, LEQ will be a suitable instrument, conversely,
E-CRIq is appropriate. In addition, the RICE was developed
specifically for the Aboriginal Australian population, poten-
tially more applicable to this population.

Implications for Research

Efforts to explore cognitive reserve have been hindered by
measurement difficulties, some research gaps are worthy of
further exploration. This systematic review of PROMs can
identify certain pitfalls and gaps in previous studies about
the measurement properties of the PROMs and offer more
guidance about how future efforts to develop, validate, or
adapt for cognitive reserve should be approached.

Future studies, digging into the validation of the question-
naires on older adults deeply, are needed. The exclusion of nine
studies (Altieri et al., 2018; Amoretti et al., 2019; Apolinario
et al., 2013; Cebi & Kulce, 2021; Kaur et al., 2021; Leon et al.,
2014; Maiovis et al., 2016; Nucci et al., 2012; Ozakbas et al.,
2021) that some of them were not designed for older adults, or
did not measure cognitive reserve in the population of older
adults, or did not validate questionnaires in older adults. Fur-
thermore, the studies included in this review mainly focused on
older adults without cognitive impairment. Only Garba et al.
(2020) collected data from AD adults, and Ourry et al. (2021)
included adults suffering from subjective cognitive decline.
Since the significance of cognitive reserve for older adults, and
the higher cognitive reserve was associated with a faster cog-
nitive decline for older adults with MCI or AD (Soldan et al.,
2017), thus, it would be valuable to design, adapt or validate
instruments to assess cognitive reserve among the older popu-
lation, including those with cognitive impairment.

Furthermore, the operational definition of the cogni-
tive reserve was various, for example, there existed studies
that showed the most complete paradigm of the cognitive
reserve should include life experience information, cognitive
tests, and magnetic resonance imaging analysis (Nogueira
et al., 2022), thus, the construct validity of cognitive reserve
hinges upon its ability to moderate the influence of brain
pathology on cognition, and any assessment of a CR ques-
tionnaire’s construct validity must involve testing the brain
pathology and CR interaction effect on cognitive outcomes.
While Stern et al. (2020) stated functional brain process,
which was the operational definition in this review, is closer
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to direct measures, such as functional magnetic resonance
imaging. Cognitive reserve as the measurement character-
istics must be defined clearly to reduce the risk of affecting
the quality of the study design, which is a central issue to
the measurement properties of cognitive reserve and should
be made more explicit in future studies.

Content validity is the most vital measurement prop-
erty that all other properties are hinged. However, content
validity was lacking in the included studies. Therefore,
for future studies, we recommend using the COSMIN to
assess the content validity of the cognitive reserve instru-
ment (Mokkink et al., 2019). For example, this aspect of
development, validation, and adaptation of instruments
needs to be improved by asking professionals about the
relevance and comprehensiveness of a cognitive interview
or focus group approach.

Formative and reflective measurements are easily ignored,
which causes a persistent problem in neuropsychological
measurement research. The items used to measure cognitive
reserve were typically based on proxy indicators that con-
tributed to cognitive reserve (Garba et al., 2020; Gonzales,
2012; Minogue et al., 2018; Ourry et al., 2021; Paplikar et al.,
2020; Relander et al., 2021; Valenzuela & Sachdev, 2007).
Therefore, cognitive reserve instruments were more likely to
be based on a formative model or formative second-ordered
mixed model. Hence, less correlation between the measure-
ment items can be explained and understood. Furthermore,
from the basis of the establishment of the scale, it is forma-
tive. But discuss it in depth, cognitive reserve and the proxies
may exert to reverse causation (Stern et al., 2020). Therefore,
we recommend that the development and testing of reserve
theories regarding cognitive reserve require further research
to clarify the measurement model choices (Jones et al., 2011).
In addition, researchers should pay more attention to the dif-
ference between the reflective and formative models to avoid
assessing unnecessary measurement properties and missing
important measurement properties.

At the same time, more well-designed and rigorously con-
ducted studies are required to assess cognitive reserve. On
one hand, researchers might consider investigating instru-
ments of cognitive reserve longitudinally, as the cognitive
reserve is one of the predictors of cognitive trajectory in
the elderly (Sardella et al., 2021; Vallet et al., 2020). Based
on this, future research should continue to further validate
the predictive validity in the elderly population, to further
determine the clinical predictive value. Furthermore, lon-
gitudinal or experimental designs with larger sample sizes
are warranted to undertake help validate cognitive reserve
instruments guided by COSMIN methodology for PROMs
(Mokkink et al., 2018; Prinsen et al., 2018; Terwee et al.,
2018) and COSMIN Study Design checklist for PROM
instruments (Mokkink et al., 2019).
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Limitations

This review was subject to several limitations that should be
noted. First, only English and Chinese studies were included.
Therefore, potentially good instruments written in other
languages were not included. For example, the CRQ (Rami
et al., 2011) was developed in 2011 to assess cognitive
reserve in healthy adults and validated in people with AD.
This questionnaire can be completed within two minutes.
However, it is only available in Spanish and Portuguese ver-
sions now. Although excluding these studies relatively lim-
ited our sample size, we chose to focus solely on cognitive
reserve among older adults. Second, conference proceed-
ings were also excluded, and therefore relevant new findings
might be missing. Finally, it was not possible to pool the
results in a quantitative meta-analysis due to the methodo-
logical heterogeneity of the limited available studies.

Conclusions

Validated instruments for assessing cognitive reserve in
older adults are essential to facilitate screening and prevent
or slow down the progression of cognitive decline. This
systematic review has identified five instruments used to
assess cognitive reserve in older adults, whereas the meas-
urement error and criterion validity of the instruments were
not evaluated in any of the studies. Additionally, most of
the information regarding the measurement properties was
incomplete. In summary, based on the current evidence for
all measurement properties, all PROMs identified in this
review have the potential to be used to measure cognitive
reserve for older adults but lack a thorough validation of the
content validity or appropriate interpretability and feasibil-
ity. Therefore, further studies are recommended to validate
the measurement properties of existing cognitive reserve
instruments for older adults according to the COSMIN
methodology for PROMs (Mokkink et al., 2018; Prinsen
et al., 2018; Terwee et al., 2018) and COSMIN Study Design
checklist for PROM instruments (Mokkink et al., 2019).
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