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Abstract

Objective: Valid estimates of premorbid cognitive functioning (PMIQ) are crucial for the assessment of older adults at risk for Alzheimer’s
disease. We investigated the relationship between the NIH Toolbox-Cognition Battery’s (NIHTB-CB) Oral Reading Recognition (ORR)
subtest andWechsler Test of Adult Reading scores (WTAR, convergent validity).We also comparedORR toNIHTB-CB Flanker scores, where
null relationships were expected (discriminant validity).Methods: The WTAR and NIHTB-CB were administered to 130 cognitively normal
(CN) and 113 participants with mild cognitive impairment (MCI). Participants were community-dwelling, older Black andWhite adults, ages
55–88 years. Data analysis used uncorrected standard scores and Bayesian bivariate correlations. Supplemental materials include intraclass
correlations. Results:ORR andWTAR scores were strongly positively associated, while ORR and Flanker scores were unrelated. This pattern
held when restricting analyses to the two cognitive status groups, the two racial groups, and the four race-by-diagnosis subgroups.Conclusion:
The findings demonstrate convergent and discriminant validity and support NIHTB-CB ORR scores as valid estimates of scores on a PMIQ
measure in older Black and White adults with and without MCI.
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Introduction

Alzheimer’s disease (AD) is a rising global concern, with
approximately 50 million people living with dementia (Nichols
et al., 2022). In the United States, AD presents additional social
problems as older Black adults are at twice the risk for being
diagnosed compared to older White adults (Weuve et al., 2018).
Given its degenerative course, significant focus has been placed on
the early detection of dementia and AD. Evidence of cognitive
decline compared to prior functioning is one of the essential
criteria for diagnosing dementia (Hugo & Ganguli, 2014). In the
absence of baseline cognitive testing, which is most often the case,
estimates of premorbid cognitive functioning (PMIQ) help to
determine the presence and magnitude of decline.

Previous work has indicated that reading ability is a better
estimate of cognitive reserve than total years of education within
racially diverse populations, as reading abilitymay reflect the quality
of education received (Manly et al., 2002). Reading tests are also
relatively resistant to the effects of brain injury and cognitive
dysfunction, and as a result, they are often used to estimate PMIQ. A
recent review of PMIQassessments in those withmild andmoderate

dementia highlighted the need for more research demonstrating the
psychometric properties of such assessments (Overman et al., 2021).
This brief report addresses these literature gaps by providing
psychometric evidence for a relatively new measure of PMIQ, Oral
Reading Recognition (ORR) scores from the NIH Toolbox
Cognition Battery (NIHTB-CB), in a diverse sample.

The NIHTB-CB is a recently developed computerized measure,
now adapted to be administered via iPad, that assesses fluid and
crystallized cognition (Weintraub et al., 2014). While iPad
administration facilitates the economic accessibility of the
NIHTB-CB for use with minority and underserved populations,
the validity of test scores in this modality must still be established.
Some evidence suggests the battery has clinical utility in assessing
older adults (Hackett et al., 2018; Scott et al., 2019). Other research
in healthy young and older adults has broadly reported adequate
construct validity for the crystallized composite scores but poor to
acceptable validity for fluid cognition scores (Buckley et al., 2017;
Loring et al., 2019; Ott et al., 2022). While measures of crystallized
cognition are expected to remain relatively stable over time in those
with MCI and measures of fluid cognition are expected to decline
over time, Kairys and colleagues (2022) found a different pattern
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using the NIHTB-CB. In a sample of older Black adults, these
researchers found that crystallized scores were more predictive of
MCI than fluid scores (Kairys et al., 2022). Taken together, the
extant literature generally supports the NIHTB-CB as an adequate
measure of crystallized reasoning with relatively poorer validity as
a measure of fluid reasoning. Notwithstanding, the literature
suggests some further need to investigate the validity and clinical
utility of NIHTB-CB scores in racial minorities.

Performance on the ORR test from the NIHTB-CB may
estimate PMIQ. However, no extant research demonstrates the
validity of the NIHTB-CB ORR scores when administered on the
iPad as measures of PMIQ in a large sample of Black and White
participants with and without MCI. Validating performance on
this instrument as a measure of PMIQ is essential because it may
help to characterize baseline cognitive functioning. Additionally,
valid tests of PMIQ that are easy to administer and economically
accessible may help to alleviate racial disparities in AD as they may
become part of more routine and affordable care.

Therefore, in a sample of older Black and White adults with and
withoutMCI, we investigatedwhether scores on theNIHTB-CBORR
test were related to performance on the Wechsler Test of Adult
Reading (WTAR), an established word recognition test that estimates
PMIQ (Green et al., 2008). Convergent validity is the extent to which
scores from a measure positively correlate with scores from a similar
measure, whereas discriminant validity is the extent to which scores
from a given measure do not correlate with scores from a dissimilar
measure (Campbell & Fiske, 1959). As evidence for convergent
validity, we hypothesized positive correlations between scores on the
NIHTB-CB ORR scores and WTAR performance. We expected a
null relationship betweenNIHTB-CBORR and Flanker performance
as a confirmation of discriminant validity.

Methods

A total of 243 community-dwelling older adults were recruited across
two sites: the Healthier Black Elders Center (Mitchell et al., 2020) at
the Wayne State University Institute of Gerontology and the
Michigan Alzheimer’s Disease Research Center (MADRC).
Participants were co-enrolled in allied studies, and all recruitment
and baseline measurements occurred between March 2017 and
March 2022. The recruitment period was the same for both sites.
Inclusion and exclusion criteria followed the MCI criteria established
by the 2011 National Institute of Health and Alzheimer’s Association
(Albert et al., 2011). Participants were excluded if they suffered from
significant psychiatric, medical, or neurological deficits other than
MCI that may have impaired cognitive ability. Participants were also
excluded if they had physical limitations that precluded neuro-
psychological assessment. A consensus conference determined MCI
diagnoses following NACC guidelines outlined previously (Rahman-
Filipiak et al., 2018). The MCI diagnostic group included all-cause
MCI. All participants provided informed consent, and the University
of Michigan Medical School and Wayne State University IRBs
approved data collection. All procedures complied with the
Declaration of Helsinki.

Neuropsychological assessments were completed at the
MADRC. All participants received the National Alzheimer’s
Coordinating Center (NACC) Uniform Data Set, Version 3 (UDS-
3) assessments and locally added measures (e.g., the WTAR and
theNIHTB-CB). Only baselinemeasurements were included in the
current study. All testing occurred on the same day, and theWTAR
preceded the NIHTB-CB.

The WTAR is a standardized reading test and may serve as a
measure of PMIQ, as demonstrated by Green et al. (2008). A page
of words with irregular pronunciations is presented, and the
participant is asked to read each word aloud. The word difficulty
increases throughout the list, and the examiner determines the
number of correctly read items (Green et al., 2008).

Similarly, the NIHTB-CB ORR test is a standardized reading
assessment designed to assess crystallized cognition, administered
via iPad. Single, irregularly spelled words appear in the center of
the iPad screen and are read aloud by the participant. Items are
presented sequentially using computer adaptive testing (i.e., item
difficulty is automatically adjusted according to participant
performance). The NIHTB-CB Flanker test is a standardized
assessment of inhibitory control and attention. It consists of trials
in which a central arrow pointing left or right is presented on the
iPad, flanked by arrows in a congruent or incongruent direction.
The participant is asked to indicate the direction of the central
arrow for each trial, and scores are determined by accuracy and
response time (Weintraub et al., 2014).

Bayesian ANOVAs and chi-square tests of independence were
used for demographic analyses. To evaluate the influence of
demographic predictors on bothNIHTB-CB andWTAR equally in
our sample, we used uncorrected standard scores for all
neuropsychological measures. Bayesian bivariate correlations were
used to demonstrate convergent and discriminant validity.
Intraclass correlation coefficients (ICC) were included as supple-
mental analyses. Bayesian analyses yield Bayes Factors (BF10) that
estimate the relative support for the alternative and null
hypotheses. As BF10 values exceed 3, they provide increasing
evidence for rejecting the null hypothesis. When BF10 values fall
below 1/3 and approach 0, they suggest evidence for accepting the
null hypothesis. BF10 values between 1/3 and 3 indicate
indeterminate support for either hypothesis (Kruschke, 2021).
Analyses were done in JASP version 0.16.3 (JASP Team, 2022).
Default priors were used: ANOVAs used the uniform distribution
as the prior; the chi-square prior concentration was set to 1;
correlations used a stretched beta prior width of 1.

Results

Demographics

The sample’s sex and racial compositions were approximately 75%
female and 63% Black. Age ranged from 55 to 88 years, with an
average age of 71.4 (SD= 7.3). Years of education ranged from
eight to 20 years, with a mean of 15.7 years (SD = 2.5). Participants
comprised two diagnostic groups: 130 were CN, and 113 were
diagnosed with MCI. This composition formed four race-by-
diagnosis subgroups: 74 CN Blacks, 79 MCI Blacks, 56 CNWhites,
and 34 MCI Whites.

2 × 2 Bayesian ANOVAs were conducted to determine whether
there were any differences in age or years of education, respectively,
depending on cognitive status (CN and MCI) and race (Black and
White). Results indicated that age did not differ depending on an
interaction effect between race and cognitive status (BFM= 0.11)
nor did age differ by race alone (BFM= 0.05). Unsurprisingly, there
was a main effect indicating age differed across cognitive status
(BFM= 12.20). A post hoc Bayesian t-test showed that the MCI
group was 2.7 years older than the CN group, corresponding to a
small effect size (BF10= 9.03, Median δ = 0.37, 95% CI
[0.12, 0.62]).

Similarly, years of education did not differ depending on an
interaction effect of race and cognitive status (BFM= 0.58).
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Evidence for differences in years of education between racial
groups (BFM= 1.05) and cognitive status groups (BFM= 1.42) was
inconclusive. Lastly, Bayesian chi-square tests of independence
revealed no conclusive evidence that the proportion of MCI status
was related to race (BF10= 2.02).

Validity coefficients

Bayesian bivariate correlations in the entire sample of participants
indicated that ORR scores were strongly positively associated with
WTAR scores (r= .90, BF10= 5.94 × 1085, 95% CI [.87, .92]). ORR
scores were not conclusively associated with Flanker test scores
(r= .11, BF10= 0.39, 95% CI [−.01, .24]). WTAR scores and
Flanker test scores were also not conclusively correlated (r= .14,
BF10= 0.76, 95% CI [.01, .26]). ICCs were included as supple-
mental analyses and showed this same pattern of results (see
Supplemental Material). Further correlational analyses showed
that years of education were moderately positively correlated with
performance on the WTAR (r= .47, BF10= 5.38 × 1011, 95% CI
[.36, .56]) and the ORR test (r= .44, BF10= 6.47× 109, 95%CI [.33,
.53]). However, age was not associated withWTAR scores (r= .10,
BF10= 0.25, 95% CI [−.03, .22]) or with ORR test scores (r= .07,
BF10= 0.15, 95% CI [−.05, .20]). The null relations between age
and WTAR scores and age and ORR scores remained for all
subgroup analyses except when restricting the sample to White
participants only, where weak relations emerged (r= .27,
BF10= 3.69, 95% CI [.07, .45] and r= .28, BF10= 4.87, 95% CI
[.08, .46]).

Restricting analyses to cognitive status, racial, and race-by-
diagnosis groups

The same Bayesian bivariate correlations were used when
restricting the sample to each cognitive status group (CN and
MCI), the racial groups (Black orWhite participants only), and the
four race-by-diagnosis subgroups. Results are summarized in

Table 1. These analyses were consistent with the validity
coefficients found in the whole sample. The correlations between
the neuropsychological assessment scores and demographic
covariates are found in Table 2.

Group differences

Bayesian correlation coefficients estimate the correlation param-
eter value and the 95% most credible values for that parameter.
Therefore, comparisons across the subgroups of the data are
possible, as nonoverlapping 95% CIs indicate different correlation
parameters.

Comparing the correlation parameter estimates for the
relationship between WTAR scores and the ORR scores revealed
that the 95% CIs for the whole sample overlapped with those of the
two diagnostic groups and the four race-by-diagnosis subgroups.
Thus, the relationship between WTAR performance and ORR
scores is consistent across cognitive status, race, and race-by-
diagnosis subgroups, suggesting convergent psychometric validity
(see Table 1). Further, this pattern of overlapping 95%CIs also held
across the correlation estimates between ORR scores and Flanker
scores when restricting the sample to diagnostic and race-by-
diagnosis groups. These results provide evidence of construct
validity for the NIHTB-CB ORR as a measure of PMIQ in older
Black and White adults with and without MCI.

Discussion

In support of our hypotheses, the present study indicated that in a
sample of older Black and White adults who were either CN or
diagnosed with MCI, scores on the NIHTB-CB ORR test were
strongly positively correlated to an established neuropsychological
measure of PMIQ and unrelated to Flanker test scores. These
results provide evidence of psychometric convergent and
discriminant validity, respectively, of the ORR scores as a measure
of PMIQ in this population. The validity coefficients remained

Table 1. Bayesian correlation comparisons

Whole Sample
(N= 243)

CN
(n = 130)

MCI
(n= 113)

Black
(n= 153)

White
(n= 90)

Black CN
(n= 74)

White CN
(n = 56)

Black MCI
(n= 79)

White MCI
(n= 34)

ORR þ
WTAR

r = .90***
[.87, .92]

r = .91***
[.87, .93]

r= .89***
[.83, .92]

r = .86***
[.81, .90]

r= .90***
[.84, .93]

r= .88***
[.82, .92]

r = .89***
[.80, .93]

r= .82***
[.72, .88]

r = .91***
[.81, .95]

ORRþ Flanker r = .11
[−.01, .24]

r = .01
[−.16, .18]

r= .11
[−.07, .29]

r = .08
[−.08, .23]

r=−.08
[−.28, .12]

r=−.08
[−.30, .15]

r =−.08
[−.33, .18]

r= .13
[−.09, .34]

r =−.15
[−.44, .19]

WTARþ Flanker r = .14
[.01, .26]

r = .08
[−.09, .24]

r= .08
[−.11, .25]

r = .10
[−.06, .25]

r=−.07
[−.27, .14]

r= .00
[−.22, .22]

r =−.03
[−.28, .23]

r= .07
[−.15, .28]

r =−.16
[−.46, .18]

*BF10> 10, ** BF10> 30, *** BF10 > 100.

Table 2. Bayesian correlations of PMIQ scores and demographics

Whole Sample
(N= 243)

CN
(n = 130)

MCI
(n= 113)

Black
(n= 153)

White
(n= 90)

Black CN
(n= 74)

White CN
(n = 56)

Black MCI
(n= 79)

White MCI
(n = 34)

WTAR þ
Education

r= .47***
[.36, .56]

r= .44***
[.28, .56]

r= .48***
[.32, .60]

r = .51***
[.38, .61]

r= .42***
[.23, .57]

r = .50***
[.30, .65]

r = .51***
[.28, .67]

r= .46***
[.25, .61]

r = .34
[.00, .59]

WTAR þ
Age

r= .10
[−.03, .22]

r= .14
[−.03, .30]

r= .16
[−.02, .33]

r = .03
[−.13, .18]

r= .27†
[.07, .45]

r = .07
[−.16, .29]

r = .30
[.04, .51]

r= .10
[−.12, .31]

r = .31
[−.04, .57]

ORRþ Education r= .44***
[.33, .53]

r= .41***
[.25, .54]

r= .44***
[.27, .57]

r = .46***
[.32, .57]

r= .38***
[.18, .54]

r = .48***
[.28, .63]

r = .40*
[.15, .59]

r= .38**
[.17, .55]

r = .37
[.04, .61]

ORR þ
Age

r= .07
[−.05, .20]

r= .11
[−.07, .27]

r= .13
[−.05, .31]

r =−.03
[−.19, .13]

r= .28†
[.08, .46]

r = .00
[−.23, .22]

r = .27
[.00, .49]

r= .02
[−.20, .24]

r = .36
[.02, .61]

†BF10> 3, * BF10> 10, ** BF10> 30, *** BF10> 100.
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consistent even when restricting the whole sample to individual
cognitive status groups, racial groups, and race-by-diagnosis
subgroups.

Age was uncorrelated with scores on theWTAR or the ORR test
in this group of older participants over 55 years, except when
restricting the sample to White participants only where weak
correlations were found. Expectedly, years of education was
moderately correlated with both WTAR scores and NIHTB-CB
ORR test performance. The current findings are consistent with
previous research on reading ability as a better predictor of
neuropsychological functioning than years of education (Manly
et al., 2005). The present findings also extend the previous research
that suggested adequate construct validity for the NIHTB-CB
crystallized measures by using an established language functioning
measure and expanding the sample to a clinical context (Buckley
et al., 2017; Ott et al., 2022).

To our knowledge, this study is the first to have validated
NIHTB-CB ORR test scores as a measure of PMIQ in a racially
diverse sample of CN older adults and older adults with MCI. The
current findings show that NIHTB-CB ORR test scores are valid
for estimating the WTAR scores of healthy aging adults and those
with MCI. Importantly, these findings demonstrate that the
NIHTB-CB ORR test performance functions equally well across
racial and race-by-diagnosis subgroups, likely tapping into the
same cognitive domain. Given Black Americans’ disproportionate
risk of developing AD (Weuve et al., 2018), validating accessible
and practical neuropsychological assessments is an essential step
forward for early AD detection. The present findings address these
concerns and demonstrate that performance on the iPad NIHTB-
CB may be used to estimate baseline cognitive functioning in the
context of age-related cognitive decline in older, community-
dwelling adults.

This study had several limitations. Sampling bias may play a
role in interpreting the results, given that our sample was more
female than the general population. Including another paper-and-
pencil measure would have bolstered the evidence of discriminant
validity. MCI participants were all-cause type, which could
obfuscate differences in the relationship between ORR and
WTAR scores across MCI subtypes. Nevertheless, the present
study establishes robust validity coefficients (in the .80–.90 range),
demonstrating the ability of NIHTB-CB ORR scores to
estimate PMIQ.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1355617723000425
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