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Abstract.
Background: Alzheimer’s disease (AD) is the 6th leading cause of death in the United States and has no cure or progression
prevention. The Cognitive Reserve (CR) theory poses that constant brain activity earlier in life later helps to deter pathological
changes in the brain, delaying the onset of disease symptoms.
Objective: To determine the reliability and validity of the Cognitive Reserve Index questionnaire (CRIq) in AD patients.
Methods: Primary data collection was done using the CRIq to quantify CR in 90 participants. Correlations and multivariable
linear regressions were used to assess reliability and validity.
Results: Reliability was tested in 34 participants. A Pearson correlation coefficient of 0.89 (p < 0.001) indicated a strong
positive correlation. Validity was tested in 33 participants. A Pearson correlation coefficient of 0.30 (p = 0.10) indicated an
insignificant weak positive correlation.
Conclusion: The CRIq was found reliable. Gaining a better understanding of how CR tools can be used in various cognitive
populations will help with the establishment of a research tool that is universally accepted as a true CR measure.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative
disorder that results in brain cell death, cognitive
decline, and memory loss [1, 2]. There are three gen-
eral stages that characterize AD progression: mild
AD (early stage), moderate AD (middle stage), and
severe AD (late stage). The average time frame for
mild AD is 2 to 4 years. Moderate AD is typically
the longest stage, lasting 2 to 10 years. The severe
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AD stage is typically the shortest, lasting 1 to 3 years
[3–6]. The progression of AD is often associated with
the presence of other preexisting conditions, such as
a history of chronic diseases, low educational attain-
ment, and having a low socioeconomic status [7–9].
Likewise, studies show that there are several modi-
fiable lifestyle factors that are protective of AD risk
and progressive cognitive decline: constant cognitive
activity, social engagement, regular physical activity,
a healthy diet, and good heart health [1, 2, 7, 10–13].

The brain changes seen with AD may start 20 or
more years before symptoms are detected [7]. It is
hypothesized that some individuals are initially able
to resist AD pathology accumulation due to cognitive
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reserve (CR). The CR theory is a recent develop-
ment in AD research. CR is defined as the ability
to maintain mental functionality despite accumulat-
ing brain pathology. This theory projects that constant
brain activity earlier in life later helps deter patholog-
ical changes in the brain, delaying disease symptom
onset. The CR concept arose from observations that
some patients’ levels of brain pathology did not match
their clinical symptoms. It was hypothesized that
individuals with higher levels of CR can cope more
efficiently with brain damage therefore delaying the
appearance of clinical symptoms [14, 15].

According to Stern, CR represents the brain’s abil-
ity to cope with damage due to the presence of
pre-existing neural networks that use some type of
compensatory behavioral mechanism [16–18]. The
current gold standard measure for CR is an individ-
ual’s intelligence quotient (IQ) [14, 15, 17, 19–21].
CR is also commonly measured using three other
proxies: education, occupation, and leisurely activity
[22–26]. Past studies on CR focus on one proxy as
their primary measure of CR, most commonly educa-
tion or cognitively stimulating activities [20, 27–31].
Only six studies have been identified that used more
than one proxy measure to represent CR [30, 31].

Despite having arrived at a consensus on how
CR is defined, the debate remains about the true
measures of CR [32]. The Cognitive Reserve Index
questionnaire (CRIq) is a content validated and reli-
able tool that quantifies the influence of all three CR
proxies over a life span. It accounts for various
sources of CR using three subcategories for each CR
proxy: education (CRI-Education), working activity
(CRI-WorkingActivity), and leisure time activities
(CRI-LeisureTime). One study has adapted the CRIq
for use in the Greek population. Maiovis and col-
leagues translated the CRIq into Greek and admin-
istered it to healthy Greek participants ranging from
ages 18 to 89. They found that it had satisfactory
internal consistency and was easy to administer to
their population [33]. In their systematic review,
Kartschmit et al. compared the characteristics of
existing CR measurement questionnaires to deter-
mine their accuracy of capturing the CR concept.
They found that the CRIq had content validity and
concluded that further research needs to be done using
it [32].

The concept of CR applies to all individuals
whether they are healthy or ill. Despite this estab-
lished fact, past research on CR has mainly focused
on healthy populations. Studies have now started
using this construct to explore AD outcomes. The

excessive cognitive decline seen with AD is not a
normal part of aging and can potentially be delayed
via CR because CR is not static. This is important
since CR can be increased at any stage of an indi-
vidual’s life and can therefore influence cognitive
decline. Increasing CR after an AD diagnosis can
potentially slow down symptom progression. Four
studies have looked at the relationship between CR
and AD progression. They found that an association
existed, and CR impacted the clinical progression dif-
ferently at each stage of AD. It was initially protective
of cognitive decline then resulted in a drastic cog-
nitive decline toward the end stage [34–37]. These
studies used AD biomarkers and brain imaging to
represent CR, choosing methodological approaches
that were hard to quantify and make generalizable for
future studies to use. In his systematic reviews, Stern
examined the clinical implications of CR. He posed
the idea that educational, occupational, and leisurely
experiences impart some type of reserve that sup-
presses the appearance of AD pathology [15, 17, 38].
The CRIq was developed to capture all three prox-
ies and has been proven to accurately measure CR
in healthy Italian, Greek, and English adults [21, 30,
33]. The CRIq provides a standardized score of CR,
which is more generalizable, and needs to be used in
cognitively impaired populations to fully explore the
impact of CR. Only two studies have been identified
that used it in a dementia population [39, 40]. The
objective of this study was to determine the reliabil-
ity and validity of the CRIq in United States (US)
AD patients. The use of the CRIq has been proven to
be reliable and valid in healthy adults. Therefore, we
hypothesized that the CRIq would be found reliable
and valid to use for US AD patients as well.

METHODS

Participants

This study was approved by the Saint Louis Uni-
versity Institutional Review Board. Informed consent
was obtained from all participants. Participants did
not receive incentives.

The study sample was recruited from four loca-
tions, which included the Geriatric Psychiatry Clinic
in an academic institution, in addition to three com-
munity-based nursing homes. Individuals were recr-
uited during follow-up visits at the clinic and during
family member visits to nursing homes on week-
ends. Individuals from these locations were also
recruited over the phone. To be eligible for the study,
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Table 1
ICD-10 Codes for Clinical Diagnoses

Variable Name ICD-10 Code

Alzheimer’s disease G30
Alzheimer’s disease With Early Onset G30.0
Alzheimer’s disease With Late Onset G30.1
Alzheimer’s disease, Unspecified G30.9

Unspecified Dementia without F03.90
Behavioral Disturbance

Depression F33.2
Major depressive disorder, F33.9
recurrent, unspecified

Diabetes
Type 2 Diabetes mellitus E11.9
without complications

Hyperlipidemia, unspecified E78.5
Essential (primary) hypertension I10
Obesity E66.9
Past Head Trauma/Injury

Unspecified injury of head S09.90
Traumatic brain injury Z87.820

Parkinson’s disease dementia G20
Lewy body dementia G31.83
Vascular dementia F01.50
Frontotemporal dementia G31.09
Huntington’s disease G10

participants had to be 45 years or older (the earliest
age of AD symptom onset) [1, 2, 12, 41, 42] and have
a diagnosis of either AD or Unspecified Dementia
without Behavioral Disturbance (UDBD) at the time
of data collection. An AD and UDBD diagnosis were
defined as having an ICD-10 code clinical diagnosis
(Table 1). The creators of the CRIq recommended
that if there is any suspicion of cognitive decline a
person who knows the patient well should answer
the CRIq questions on his/her behalf [21]. Due to
the cognitive decline associated with AD and UDBD,
participants needed to have a legally authorized rep-
resentative (LAR) to fill out the CRIq on their behalf.
The LAR had to be a family member, spouse, or care-
giver. To have been eligible as a LAR, the individual
had to have interacted with the patient for at least
the last five years on a regular basis (once a month).
The LAR answered the CRIq questions based on their
knowledge of the patient’s life experiences. The ques-
tion responses were from the LAR alone. Patients did
not provide answers to any of the questions due to
the cognitive impairment associated with their diag-
nosis. The primary exclusion criterion was having
another neurological diagnosis (Parkinson’s disease
dementia, Lewy body dementia, vascular dementia,
frontotemporal dementia, or Huntington’s disease).
This was to ensure that any cognitive decline seen was
attributable to an AD or UDBD diagnosis alone. After
applying exclusion criterion to a total population of

250 people, 193 people were invited to participate. Of
these people, 90 agreed to participate. The response
rate was therefore 46.6%. The final sample size was
influenced by clinic appointment cancellations, non-
response, and lack of interest in participating.

Study tools

The study design was primary data collection using
a cross-sectional questionnaire, the CRIq. The infor-
mation collected from the CRIq was used to calculate
a CR score. The CRI-Education score was calcu-
lated by adding up total years of education that an
individual had. Any vocational training courses that
occurred for at least six months were also counted.
The CRI-WorkingActivity score was based on a five-
level scale of the intellectual engagement and the
responsibility associated with a job (low skilled man-
ual work, skilled manual work, skilled non-manual,
professional occupation, and highly responsible or
intellectual occupation). The score was calculated
by multiplying the number of years that a person
had spent in a profession and the cognitive level of
the job. The CRI-LeisureTime score was calculated
by summing the total number of years of an activ-
ity for which the individual selected often/always
for the frequency. The total CRIq score was calcu-
lated by averaging the three subscores from each
section. The CRIq score fell into 1 of 5 ordered lev-
els: low (less than 70); medium-low (70–84); medium
(85–114); medium-high (115–130); and high (more
than 130). It is estimated that the CRIq takes 15
minutes to complete [20, 21, 33, 40]. We adapted
the CRIq to fit the cultural differences in wording
and vocabulary that exist between American and
European English. More information about the CRIq
and the computation spreadsheet can be found at
http://www.cognitivereserveindex.org/.

Since IQ is the gold standard measure for CR, we
used the Wechsler Test of Adult Reading (WTAR)
to determine validity. WTAR was developed as a
neuropsychological assessment tool of intellectual
functioning before disease symptom onset. It pro-
vides a premorbid estimate of an individual’s IQ by
looking at verbal and reading skills. WTAR is a word
and reading test that involves the pronunciation of 50
words with irregular spellings. It uses demographic
data plus word reading ability to derive an estimated
intellectual score [43, 44]. The WTAR and CRIq
assessments were not done on the same day. The aver-
age amount of time that passed between the WTAR
and first CRIq scores was 1,302 days. The minimum

http://www.cognitivereserveindex.org/
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amount of time between scores was 66 days, and the
maximum amount of time was 3,387 days.

The Clinical Dementia Rating (CDR) scale is a
validated and reliable tool that is used by clinicians
to determine stage of dementia based on the cog-
nitive and functional capabilities of the patient. It
is usually completed during a semi-structured inter-
view that occurs with the patient and a spouse or
some type of caregiver. It is composed of 6 domains
that evaluate cognitive functioning: memory, ori-
entation, judgment & problem solving, community
affairs, home and hobbies, and personal care. A 5-
point scale is used to determine the patient’s level
of cognitive impairment/dementia: 0 (normal), 0.5
(very mild dementia), 1 (mild dementia), 2 (mod-
erate dementia), and 3 (severe dementia) [45, 46].
Traditionally, the CDR can be scored either using
a global score (CDR-GS) or a sum of boxes score
(CDR-SB). The CDR-GS looks at each domain sep-
arately. The domain that has the highest overall score
after summing it up is used to get the CDR-GS
(ranges from 0 to 3). The recommended cut-off scores
are: 0 (absence of symptoms), 0.5 (questionable), 1
(mild), 2 (moderate), and 3 (severe) [46, 47]. The
CDR-SB is calculated by summing up each of the
domain scores (range from 0 to 18). The recom-
mended cut-off scores are: 0.5 to 4 (questionable),
4.5 to 9 (mild), 9.5 to 15.5 (moderate), and 16 to 18
(severe) [35, 45–49]. We used the CDR-GS scoring
method for the study. More information about the
CDR, scoring rules, and a copy of it can be found at
https://knightadrc.wustl.edu/CDR/CDR.htm.

Reliability data collection

To test reliability, we performed a Test-Retest pro-
cedure. 90 participants were asked to complete the
CRIq twice over the course of two weeks [50, 51].
After participating in the study, LARs were given
another copy of the CRIq to complete again within
two weeks of the first one. A minimum of 30 par-
ticipants were needed based on the validity power
analysis sample size of 65. We obtained a second
CRIq from 34 individuals.

Validity data collection

Content validity has been established for the CRIq
so concurrent validity was assessed [21]. To do this
we compared patients’ first CRIq scores to their
WTAR scores. The minimum number of participants
needed to detect clinically meaningful differences

was 65 based on 80% power, an alpha of 0.05, and a
moderate Pearson’s correlation of 0.7. We recruited
a total of 33 participants for validity.

Covariates

The covariates that we chose to use in our mod-
els were based on the known relationships that they
have with AD risk and progression of dementia symp-
toms [5, 10, 41, 52–58]. The covariates tested in the
models included: a depression, diabetes, hyperlipi-
demia, hypertension, and/or obesity diagnosis; past
head trauma/injury; smoking and alcohol history;
reported physical activity, stress, and diet; gen-
der; marital status; residence type; living situation;
antidepressant drugs taken; and antidementia drugs
taken. A diagnosis of a comorbidity (depression, dia-
betes, hyperlipidemia, hypertension, or obesity) was
defined as having an ICD-10 code clinical diagnosis
(Table 1) [5, 10, 52–55, 57].

Smoking and alcohol history were coded into
4 categories: never, past, current, or unknown
smoker/drinker. Physical activity was coded into 4
categories: the participant reported no physical activ-
ity at all (no, no), reported no physical activity at the
first visit/assessment then reported physical activity
at the last visit/assessment (no, yes); reported physi-
cal activity both at the first and last visits/assessments
(yes, yes); or reported physical activity at the first
visit/assessment but not at the last visit/assessment
(yes, no). The diet variable was coded into a 4 cate-
gories: the participant did not have a healthy diet at
all (no, no); did not have a healthy diet at the first
visit/assessment then had a healthy diet at the last
visit/assessment (no, yes); had a healthy diet both
at the first and last visits/assessments (yes, yes); or
had a healthy diet at the first visit/assessment but
not at the last visit/assessment (yes, no). The stress
variable was coded into 4 categories: the participant
reported no stress at all (no, no); reported no stress
at the first visit/assessment then reported stress at the
last visit/assessment (no, yes); reported having stress
both at the first and last visits/assessments (yes, yes);
or reported having stress at the first visit/assessment
but not at the last visit/assessment (yes, no).

The depression, diabetes, hyperlipidemia, hyper-
tension, and obesity diagnosis as well as past head
trauma/injury variables were coded dichotomous, yes
or no. Age was treated as a continuous variable, num-
ber of years. For race/ethnicity, the original categories
were White, Black or African American, Asian,
American Indian or Alaska Native, Native Hawaiian

https://knightadrc.wustl.edu/CDR/CDR.htm
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or Other Pacific Islander, and Other. This variable
was collapsed into 3 categories: White, Black, or
Other (Asian, American Indian or Alaska Native, or
Native Hawaiian or Other Pacific Islander). For gen-
der, the categories were male or female. For marital
status, the original categories were single, married,
divorced, and widowed. This variable was collapsed
into 3 categories: married, widowed, or other (single
or divorced). For residence type, the original cate-
gories were home, nursing home, independent living,
assisted living, memory care, and other. This vari-
able was collapsed into 3 categories: home, nursing
home, or other (independent living, assisted living, or
memory care). For living situation, the original cat-
egories were by myself, with a spouse, with family
members, a nursing home, a retirement community,
or other. This variable was collapsed into 3 categories:
spouse, nursing home, or other (self, family members,
or retirement community).

For antidepressant drugs taken, we looked for
either the class of Selective Serotonin Reuptake
Inhibitor (SSRIs) (Escitalopram, Citalopram, and
Sertraline) and/or the following drugs: Trazodone,
Mirtazapine, Duloxetine, Venlafaxine, and Bupro-
pion [59]. Participants that were taking more than
one of these drugs went into the combination ther-
apy category. The antidepressant drug variable was
a 4-category variable (SSRIs, other, combination
therapy, and none). For antidementia drugs taken,
there were 2 classes of drugs that we looked for:
Cholinesterase Inhibitors (Donepezil, Rivastigmine,
and Galantamine) and Memantine [60]. Participants
that were taking more than one of these drugs
went into the combination therapy category. The
antidementia drug variable was a 4-category variable
(Cholinesterase Inhibitors, Memantine, combination
therapy, and none).

Reliability analyses

For the Test-Retest procedure, we ran a Pearson
correlation between the two CRIq scores to eval-
uate the consistency in answers at two different
time points. In addition, we used multivariable linear
regression to determine the strength of the relation-
ship after adjusting for covariates. The first CRIq
score was used to predict the second CRIq score. We
expected that the second CRIq score would be similar
to the first CRIq score, so we chose to predict the sec-
ond CRIq score from the first CRIq score for testing
reliability. We assumed a Pearson correlation coeffi-
cient of 0.7, based on the correlation results found in

Table 2
Pearson’s Correlation Coefficient Boundary Interpretations

Value Interpretation

0.0 to 0.3 (0.0 to – 0.3) weak to negligible
correlation

0.3 to 0.5 (–0.3 to –0.5) weak positive
(negative) correlation

0.5 to 0.7 (–0.5 to –0.7) moderate positive
(negative) correlation

0.7 to 0.9 (–0.7 to –0.9) strong positive
(negative) correlation

0.9 to 1.0 (–0.9 to –1.0) very strong positive
(negative) correlation

the construction of the CRIq [21]. See Table 2 for
interpretations of Pearson’s correlation coefficient.
For this study, a Pearson correlation coefficient of 0.5
and above was considered clinically relevant [61].

Validity analyses

For concurrent validity, we ran a correlation
between the CRIq and WTAR scores using Pear-
son’s correlation coefficient and multivariable linear
regression to determine the strength of the relation-
ship after adjusting for covariates. The first CRIq
score was used to predict the WTAR score. A Pearson
correlation coefficient of 0.5 and above was consid-
ered acceptable.

Sensitivity analysis

To further examine validity, we tested if time made
a difference in the relationship between a participant’s
first CRIq and WTAR scores. This was done by run-
ning a Pearson’s correlation of the number of days
between the first CRIq and WTAR scores and the
absolute difference in value between the scores.

Statistical procedures

Microsoft Excel 2019 for Windows was used for
de-identification of participant data. We looked at
descriptive statistics for the study population demo-
graphics (age, gender, race, marital status, education,
residence type, and dementia stage) and CR-related
measures by dementia stage. IBM SPSS 26.0 soft-
ware was used for all analyses (IBM Corp. Released
2019. IBM SPSS Statistics for Windows, Version
26.0. Armonk, NY: IBM Corp.). Statistical signifi-
cance was set at an alpha of less than 0.05 (<0.05).
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RESULTS

Study participant demographics

The main descriptive characteristics for the study
population were reported. The mean (SD) age of par-
ticipants was 80 years (10.4). Females made up 66.7%
of the study participants. Whites made up most of
the sample (88.9%). 42.2% of participants were wid-
owed while 41.1% of participants were married. The

Table 3
Population Demographics

Variable Name Overall
N = 90

Age, mean (SD) 80 (10.4)
Gender, n (%)

Female 60 (66.7)
Male 30 (33.3)

Race, n (%)
White 80 (88.9)
Black 9 (10.0)
Other 1 (1.1)

Marital Status, n (%)
Married 37 (41.1)
Widowed 38 (42.2)
Other 15 (16.7)

Education (y), mean (SD) 14 (3.7)
Residence Type, n (%)

Home 40 (44.4)
Nursing Home 43 (47.8)
Other 7 (7.8)

Dementia Stage, n (%)
Mild 31 (34.4)
Moderate 31 (34.4)
Severe 28 (31.2)

SD, standard deviation; WTAR, Wechsler Test of Adult Reading.

mean (SD) years of education was 14 (3.7). A slightly
greater portion of participants lived in a nursing home
(47.8%) compared to the portion that lived at home
(44.4%). Of the 90 participants 31 (34.4%) had mild
dementia, 31 (34.4%) had moderate dementia, and
28 (31.2%) had severe dementia at the time of data
collection (Table 3).

CR measures

The mean CR score for the first CRIq was 126.
Overall, 32.2% of participants had medium CR, and
43.4% of participants had high CR. The first CRIq
mean CR score for mild dementia participants was
131. The first CRIq mean CR score for both moder-
ate and severe dementia participants was 123. Over
50% of mild dementia participants had high CR
(54.8%). For moderate dementia, most participants
had either medium CR (38.7%) or high CR (38.7%).
Most severe dementia participants had either medium
CR (39.3%) or high CR (35.7%). Over half of the
mild dementia participants had a second CRIq score
(51.6%), while most moderate (71.0%) and severe
(67.9%) participants did not have a second CRIq
score. The overall mean CR score for the second CRIq
was 125. The second CRIq mean CR score for mild
dementia participants was 127. Moderate dementia
participants had a mean CR score of 135 for the
second CRIq. The second CRIq mean CR score for
severe dementia participants was 109. A greater por-
tion of mild participants (67.7%) had a WTAR score.
77.4% of moderate participants and 82.1% of severe
participants did not have a WTAR score (Table 4).

Table 4
Cognitive Reserve Measures by Dementia Stage

Dementia Stage at CRIq Overall Mild Moderate Severe
Administration N = 90 n = 31 n = 31 n = 28

1st CRIq score, mean (SD) 126 (19.2) 131 (15.0) 123 (22.8) 123 (18.1)
Had a 2nd CRIq score, n (%)

No 56 (62.2) 15 (48.4) 22 (71.0) 19 (67.9)
Yes 34 (37.8) 16 (51.6) 9 (29.0) 9 (32.1)

2nd CRIq score, mean (SD) 125 (19.8) 127 (14.3) 135 (25.8) 109 (12.6)
CR Level for 1st CRIq, n (%)

Medium-low 1 (1.1) 0 (0) 1 (3.2) 0 (0)
Medium 29 (32.2) 6 (19.4) 12 (38.7) 11 (39.3)
Medium-high 21 (23.3) 8 (25.8) 6 (19.4) 7 (25.0)
High 39 (43.4) 17 (54.8) 12 (38.7) 10 (35.7)

Had a WTAR score, n (%)
No 57 (63.3) 10 (32.3) 24 (77.4) 23 (82.1)
Yes 33 (36.7) 21 (67.7) 7 (22.6) 5 (17.9)

WTAR score, mean (SD) 102 (12.2) 104 (11.1) 104 (16.6) 95 (9.1)
Difference in value of CRIq score and WTAR score, mean (SD) 31 (16.3) 29 (15.2) 31 (20.1) 36 (17.4)
Time between WTAR test and CRIq interview (days), mean (SD) 1,302 (796.8) 1,092 (717.4) 1,397 (668.0) 2,055 (938.1)

SD, standard deviation.
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Reliability

For the test-retest analysis, the Pearson Correla-
tion Coefficient was 0.89 (p < 0.001). This showed a
strong positive correlation between the first and sec-
ond CRIq scores, indicating the CRIq was reliable.
After controlling for each covariate separately, the
first CRIq score was found to be a significant pre-
dictor of the second CRIq score (p < 0.001). After
controlling for the first CRIq score, having a diabetes
diagnosis was found to be a significant predictor of
the second CRIq score. Compared to participants who
did not have a diabetes diagnosis, participants with a
diabetes diagnosis had a 7-unit increase in the second
CRIq score (�=7.35, 95% CI: 0.86, 13.84, p = 0.03)
(Table 5). The variables age, gender, race, marital
status, residence type, living situation, depression,
hyperlipidemia, hypertension, and obesity diagnosis
did not significantly predict the second CRIq score.
Similarly, past head trauma/injury, smoking and alco-
hol history, type of antidepressant drug taken, type

of antidementia drug taken, physical activity, stress,
and diet did not significantly predict the second CRIq
score.

Validity

The Pearson Correlation Coefficient for validity
was 0.30 (p = 0.10). This indicated an insignificant
weak positive correlation between the first CRIq
and WTAR scores. Therefore, the CRIq was found
invalid. After controlling for each covariate sepa-
rately, the first CRIq score was not a significant pre-
dictor of the WTAR score. After controlling for the
first CRIq score, race was found to be a significant
predictor of the WTAR score. Compared to White
participants, Black participants had a 27 unit decrease
in WTAR score (�=–26.54, 95% CI: –49.52, –3.55.
p = 0.03) (Table 6). After controlling for first CRIq
score, residence type was found to be a significant
predictor of the WTAR score. Compared to partic-
ipants who lived in a home, participants who lived

Table 5
Diabetes Diagnosis Multivariable Linear Regression Analysis for Predicting 2nd CRIq and WTAR scores

Predictor Variables � S.E. 95% CI of � p

Lower Upper

Reliability
1st CRIq Score 0.82 0.07 0.68 0.96 <0.001∗
Diabetes

No reference reference reference reference reference
Yes 7.35 3.18 0.86 13.84 0.03∗

Validity
1st CRIq Score 0.25 0.14 –0.05 0.54 0.10
Diabetes

No reference reference reference reference reference
Yes 2.02 7.32 –12.93 16.97 0.78

∗Predictors are statistically significant at p < 0.05; S.E., standard error; CI, confidence interval.

Table 6
Race Multivariable Linear Regression Analysis for Predicting 2nd CRIq and WTAR scores

Predictor Variables � S.E. 95% CI of � p

Lower Upper

Reliability
1st CRIq Score 0.82 0.07 0.67 0.97 <0.001∗
Race

White reference reference reference reference reference
Black 4.99 4.83 –4.86 14.83 0.31
Other – – – – –

Validity
1st CRIq Score 0.25 0.13 –0.02 0.52 0.07
Race

White reference reference reference reference reference
Black –26.54 11.26 –49.52 –3.55 0.03∗
Other – – – – –

∗Predictors are statistically significant at p < 0.05; S.E., standard error; CI, confidence interval.
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Table 7
Residence Type Multivariable Linear Regression Analysis for Predicting 2nd CRIq and WTAR scores

Predictor Variables � S.E. 95% CI of � p

Lower Upper

Reliability
1st CRIq Score 0.90 0.08 0.73 1.06 <0.001∗
Residence Type

Home reference reference reference reference reference
Nursing Home 7.32 3.58 –0.004 14.64 0.05
Other 6.09 4.79 –3.70 15.87 0.21

Validity
1st CRIq Score 0.23 0.13 –0.04 0.51 0.09
Residence Type

Home reference reference reference reference reference
Nursing Home – – – – –
Other 11.94 5.44 0.83 23.06 0.04∗

∗Predictors are statistically significant at p < 0.05; S.E., standard error; CI, confidence interval.

in other types of residences had a 12-unit increase
in WTAR score (�=11.94, 95% CI: 0.83, 23.06,
p = 0.04) (Table 7). The variables age, gender, marital
status, living situation, depression, diabetes, hyper-
lipidemia, hypertension, and obesity diagnosis did
not significantly predict the WTAR score. Similarly,
past head trauma/injury, smoking and alcohol history,
type of antidepressant drug taken, type of antidemen-
tia drug taken, physical activity, stress, and diet did
not significantly predict the WTAR score.

Sensitivity analysis

The average amount of time between the WTAR
and first CRIq scores was 1,302 days. The mean dif-
ference in value between the WTAR and first CRIq
scores was 31 units. The Pearson Correlation Coef-
ficient for the number of days between the WTAR
and first CRIq scores and the absolute difference in
value between the WTAR and first CRIq scores was
–0.32 (p = 0.08). This showed an insignificant weak
negative correlation, indicating time did not make a
difference in validity.

DISCUSSION

The CRIq is a validated and reliable CR tool. It
accounts for all sources of CR across a lifespan and
quantifies them into a score. The study objective was
to determine the reliability and validity of the CRIq in
AD and dementia patients. We hypothesized that the
CRIq would be found reliable and valid. Based on our
results, the CRIq was found to be a reliable measure of
CR in the AD and dementia population. In addition,
having a diabetes diagnosis significantly predicted
the second CRIq score. The variables race and resi-

dence were significant predictors of the WTAR score.
Despite being found reliable, the study findings did
not indicate that the CRIq is a valid measure of CR
in the AD and dementia population.

Like previous literature, our results showed that the
CRIq is reliable to use in AD patients [31–33, 40].
Such a finding means that this tool is a consistent
measure of CR in this population and can therefore
be used in other studies assessing CR in a similar
population. The CRIq is a faster and cheaper assess-
ment of CR, and it will provide results like that of
other CR diagnostic tools such as brain biomarkers
and imaging. Furthermore, having a diabetes diag-
nosis was found to be a significant predictor of the
second CRIq score. There have been some inconsis-
tencies found in the literature as to whether or not the
rate of AD progression is overall higher in diabetics
[58, 62, 63]. A finding like this might indicate that
having this AD risk factor makes a difference in how
much of an influence CR has on AD progression. It
might also show that more focus should be placed on
the treatment of this condition in AD patients because
of its influence on this relationship. Therefore, more
research is needed to further explore the contribution
of diabetes to CR and the pathogenesis of AD.

Regarding validity, Blacks had a decrease in
WTAR score compared to Whites. This matches the
literature that has found older Blacks are more likely
to perform worse on cognitive functioning tests than
older Whites [64, 65]. Race being a significant pre-
dictor of the WTAR score shows that racial disparities
exist regarding CR. This might indicate that diff-
erences in access to the resources that promote CR
buildup exist. Therefore, there is a need for more awa-
reness about the importance of engaging in cognitive
activities, especially in minority groups. Further-
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more, type of residence was a significant predictor of
WTAR score. Participants who lived in other types
of residences (independent living, assisted living, or
memory care) had an increase in WTAR score com-
pared to participants who lived in a home. This was
an unexpected result because previous literature has
shown that living at home compared to other types
of long-term care has a more beneficial effect on the
cognitive and functional status of AD patients due
to their comfortability and constant interaction with
family [66, 67]. A finding like this may be due to the
residential distribution of the study sample. Approx-
imately half of the participants lived at home, and
about half of them lived in a nursing home. Only
7.8% of the study sample lived in other types of
residences.

The overall finding of invalidity shows that the
CRIq might not be fully measuring CR based on the
gold standard of IQ. Previous literature has found the
CRIq valid to use in the AD and dementia popula-
tions [31, 32, 40]. Invalidity of the CRIq might be
due to one of several factors. A minimum of 65 par-
ticipants with a WTAR score were needed to detect
significance. It was only clinic AD patients that had
an IQ test result, and they made up 52% of the total
study sample that was recruited. Another potential
explanation for invalidity is that IQ is not the true
gold standard measure of CR in this population. IQ
is the gold standard measure in healthy individuals,
but there is still no gold standard measure specifically
for the AD population [14–16, 18, 19, 21, 68]. AD is
associated with a decline in functional and intellec-
tual capabilities over time. Therefore, an individual’s
IQ declines as dementia symptoms progress [19, 43,
69]. Other studies have found that education, one of
the CR proxies, and IQ are highly correlated in AD
patients [19, 70]. We therefore expected to see a pos-
itive correlation for the validity sensitivity analysis
[69]. The results showed that time did not make a dif-
ference. Time might not have played a role in validity
for this population because there was a wide range in
the amount of time that passed between WTAR and
first CRIq scores. All these observations indicate that
using IQ as a gold standard measure for CR might
not be appropriate for this population.

There are a few study limitations that must be
acknowledged. The main sources of study partici-
pants were from one clinic and four nursing homes
in the St. Louis, MO area. Limited access to the
AD population also resulted in a negligible racial
distribution in the study sample. Due to the unantic-
ipated and unprecedented circumstances that arose

because of the novel Coronavirus disease (COVID-
19) pandemic, patient and resident recruitment was
terminated. Nursing homes stopped permitting vis-
itors into their facilities, and the City of St. Louis
issued a “Stay at Home” order. This contributed to
the final study sample size of 90 participants. Fur-
thermore, potential recall bias might have influenced
the results since LARs had to estimate the number of
years patients participated in various adulthood activ-
ities. However, we are confident that there was little to
no recall bias for two main reasons. The construction
of the CRIq accounted for this by calculating a CR
measure that has been standardized and does not rely
on any type of performance or cognitive level [21].
We also applied LAR eligibility criteria for partici-
pants. Due to the sample size of 90 participants, we
had to individually test the effect of each covariate on
CR in separate regression models. This is because the
accepted minimum limit of participants per covariate
or level of covariate is 10 in order to avoid overfit-
ting the model and decreasing predictive power for
future participants [71, 72]. We therefore were not
able to control simultaneously for the effect of mul-
tiple risk factors. This might have resulted in slight
residual confounding. On the other hand, we were
still able to account for the main risk factors of AD
that are associated with symptom progression, pos-
sibly reducing the effect of residual confounding on
our results. Since we used WTAR as a retrospective
IQ measure in our study, we could not determine
the exact stage of dementia that the patient was in
when the test was administered. This potentially con-
founded our results. Unfortunately, we did not have
the data and resources available to us to administer
both the CRIq and WTAR on the same day. We instead
tested for the impact of time on CR in order to con-
trol for the potential confounding effect of the time
interval differences on the results.

This study has several strengths. Collecting our
own data on CR allowed us to quantify a latent con-
struct. We collected CR information directly from the
study population ensuring better accuracy and qual-
ity of this measure. To our knowledge, we are the
first US study to attempt to validate the CRIq [21,
33, 39, 73]. By doing this, we have introduced a new
CR tool for future US studies to explore. Past studies
focused primarily on one proxy measure to represent
CR, which did not account for all the factors that pro-
mote CR [20, 28–31]. The CRIq captures all three
CR proxies as well as other sources that contribute to
lifetime CR development, providing a more accurate
and generalizable measure of CR. No study to date
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has proven that the CRIq is reliable to use in the US
AD population, and our study results showed this.

Interventions that focus on promoting CR buildup
from an early age onwards are needed. This is because
CR has the potential to delay both AD symptom onset
and progression. Implementing activities that pro-
mote the increase of CR into daily living can serve
as a primary prevention intervention for reducing AD
risk later in life. Also, engaging in cognitively stim-
ulating activities after an AD diagnosis can increase
CR and positively impact the progression of disease.
The CRIq is a less invasive and cheaper alternative
method for measuring CR compared to the diag-
nostic methodologies (brain imaging, biomarkers,
and pathology aggregation) that were used in past
studies. It provides a standardized measure of CR
that accounts for the lifetime cognitive, social, and
cultural characteristics of an individual. The CRIq
quantifies the three CR proxies, providing a gener-
alizable CR measure that future studies can use to
explore the relationship between CR and AD progres-
sion. Therefore, more studies are needed to explore
the validity of the CRIq. This study attempted to do
so but could not due to sample size. Future studies
should use a larger sample size and also try using
other types of IQ tests for gold standard measures of
CR. Gaining a better understanding of how CR tools
like the CRIq can be used in different cultural and
cognitive populations will help with the establish-
ment of a research tool that is universally accepted as
an accurate CR measure.
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