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Background. Tests requiring the pronunciation of irregular words are used to estimate premorbid cognitive ability in
patients with clinical diagnoses, and prior cognitive ability in normal ageing. However, scores on these word-reading
tests correlate with scores on the Mini-Mental State Examination (MMSE), a widely used screening test for possible cog-
nitive pathology. This study aimed to test whether the word-reading tests’ correlations with MMSE scores in healthy
older people are explained by childhood IQ or education.

Method. Wechsler Test of Adult Reading (WTAR), National Adult Reading Test (NART), MMSE scores and information
about education were obtained from 1024 70-year-olds, for whom childhood intelligence test scores were available.

Results. WTAR and NART were positively correlated with the MMSE (r≈ 0.40, p < 0.001). The shared variance of WTAR
and NART with MMSE was significantly attenuated by ∼70% after controlling for childhood intelligence test scores.
Education explained little additional variance in the association between the reading tests and the MMSE.

Conclusions. MMSE, which is often used to index cognitive impairment, is associated with prior cognitive ability.
MMSE score is related to scores on WTAR and NART largely due to their shared association with prior ability.
Obtained MMSE scores should be interpreted in the context of prior ability (or WTAR/NART score as its proxy).

Received 8 September 2015; Revised 11 April 2016; Accepted 21 April 2016

Key words: Mini-Mental State Examination, National Adult Reading Test, premorbid cognitive ability, Wechsler Test of
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Introduction

Estimating a person’s peak prior level of cognitive
functioning is useful in clinical and research settings.
Estimated peak prior cognitive level can provide a
baseline from which to assess the severity of cognitive
impairment following brain trauma, psychiatric or
neurological disorder, or the degree of cognitive decline
associated with non-pathological ageing. Estimating
prior ability using cognitive tests is challenging because
a score on a test is a function of the peak prior trait level
of cognitive functioning and of any decline from that
level. Therefore the same low score might be obtained
by a person with low prior ability level and no decline
and by a person with a higher level of initial ability who
suffered a degree of cognitive decline. Prior ability is

often estimated using tests which tap crystallized cogni-
tive abilities (Horn & Cattell, 1967), which remain rela-
tively unaffected even in the presence of a degree of
cognitive impairment (Nelson & McKenna, 1975). In
an affected individual, the estimated prior ability can
be compared with performance on fluid-type tests that
are sensitive to cognitive impairment. There is evidence
that this estimated prior v. current fluid cognitive ability
provides an approximate but valid estimate of actual
cognitive change in healthy older people (Deary et al.
2004). However, the validity of this method would be
compromised if the premorbid ability tests were sensi-
tive to the degree of cognitive impairment, which has
been mooted in the literature (e.g. O’Carroll et al. 1995;
McFarlane et al. 2006). If this is the case, then premorbid
ability could be underestimated and, consequently, so
would the amount of cognitive impairment that had oc-
curred. In the present study we tested the degree to
which two tests used to estimate premorbid cognitive
ability are associated with a measure of cognitive
impairment.
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The Wechsler Test of Adult Reading (WTAR) and
the National Adult Reading Test (NART) are often
used to estimate premorbid (before a clinical diagnosis
or brain injury) or prior (before the onset of normal
ageing) cognitive ability. Both of these tests utilize
the irregular grapheme-phoneme mappings or stress
patterns in English words, together with the relative
stability of reading ability in the face of cognitive de-
terioration (e.g. Nelson & McKenna, 1975). The reason-
ing behind these tests assumes that (a) irregular words
will tend to be pronounced incorrectly if encountered
for the first time in a written form; (b) the knowledge
of correct pronunciation will remain even in the pres-
ence of a degree of cognitive decline; and (c) people
with higher cognitive ability will have learned a larger
number of less common words. Both the WTAR and
NART require participants to read a list of irregular
words, so in this paper they will sometimes be collect-
ively referred to as the reading tests.

Reading tests and cognitive impairment

Scores on both WTAR and NART have been shown to
be valid estimators of prior (Crawford et al. 2001;
Deary et al. 2004; McGurn et al. 2004; Dykiert &
Deary, 2013) and premorbid (McGurn et al. 2004;
Green et al. 2008) cognitive ability. However, there
have been reports of positive moderate correlations be-
tween scores on the reading tests and on the Mini-
Mental State Examination (MMSE, Folstein et al.
1975), a widely used screening test for potential cogni-
tive impairment [r = 0.56 in AD patients (Patterson et al.
1994); r = 0.51 in a group with dementia of mixed aeti-
ology (McGurn, et al. 2004); and r = 0.49 in healthy
older adults (Starr et al. 1992)].

The positive correlation between the reading tests
and MMSE scores might mean that performance on
the reading tests, which is meant to be stable in cogni-
tive decline, is actually affected in cognitive impair-
ment. Some existing research seems to support this
possibility. For example, differences in both WTAR
and NART scores were reported for patients with
varying dementia severity, who were generally well-
matched and expected to have similar premorbid abil-
ity levels (Stebbins et al. 1990; O’Carroll et al. 1995;
McFarlane et al. 2006). Further, NART performance
appears to improve during recovery from traumatic
brain injury (Riley & Simmonds, 2003). However, the
same was not found for the WTAR (Green et al. 2008).

One study of healthy older people which had rarely
available data on actual premorbid or prior ability
(IQ measured in childhood) provided an alternative ex-
planation for the NART–MMSE association (Crawford
et al. 2001). It suggested that the apparent sensitivity
of the reading tests to the severity of cognitive

impairment (the NART–MMSE correlation) may be
caused by the MMSE’s being associated with prior cog-
nitive ability level. In that study a significant correlation
in older people between NART and MMSE (which
might have indicated NART’s sensitivity to the degree
of cognitive impairment) was abolished after controlling
for actual prior (childhood) mental ability. It suggested
that the relationship between NART and MMSE largely
reflects the variance shared between these measures and
prior cognitive ability, rather than suggesting that
NART scores depend on the degree of cognitive impair-
ment. To our knowledge, no study has investigated
WTAR in this respect.

Aims of the study

The present study aimed to investigate whether the
WTAR is related to MMSE score, independently of ac-
tual prior cognitive ability. We did this by testing
whether the correlation between WTAR and MMSE
in a large sample of healthy older people is substantial-
ly attenuated when childhood IQ is controlled. We also
aimed to replicate the finding of Crawford et al. (2001)
for the NART–MMSE association in our sample.
Moreover, we tested whether education accounts for
some of the association between WTAR–NART and
MMSE.

Method

Participants

Participants were members of the Lothian Birth Cohort
1936 (LBC1936), an ongoing longitudinal study of
healthy ageing. The study has been described in detail
previously (Deary et al. 2007, 2012). In brief, the cohort
was drawn from participants in the Scottish Mental
Survey of 1947 (SCRE, 1949), which administered the
same intelligence test to almost all children born in
1936 and attending Scottish schools on 4 June 1947.
The LBC1936 cohort had adult tests administered for
the first time at a mean age of ∼70 years. Their intelli-
gence test scores at age 11 years were made available.
To date, three waves of testing have been completed, at
mean ages of 70, 73, and 76 years. Each wave comprises
an interview during which demographic and health data
are collected, and a cognitive battery and physical tests
are administered by psychologists and research nurses,
respectively. The main analyses in the present study
use age 11 intelligence test scores and data from wave
1 (mean age = 69.53, S.D. = 0.84 years). Subsequent testing
waves were used for a sensitivity analysis.

At wave 1 there were 1091 participants (548 men/543
women) who took part in the study. Age 11 IQ data
were not available for 63 of them and a further four
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had missing data on the variables of interest (see
below) at wave 1. Excluding them left the working
sample of 1024.

Cognitive tests, education and dementia diagnosis

Age 11 IQ

A modified version of Moray House Test (MHT) no. 12
(SCRE, 1933) was used to measure IQ at age 11. The
MHT scores have been validated against those on the
Stanford–Binet and on the Terman–Merrill intelligence
tests, with high correlations r≈ 0.8 (SCRE, 1933, 1949).
The MHT is a timed test (45 min) comprising 71 items
of different types, including, following instructions,
same-opposites, word classification, analogies, arith-
metic, spatial, or cypher decoding. The maximum
score is 76. It was group-administered at schools on
one day (4 June) in 1947. To eliminate variance in
MHT scores due to age differences at the time of its ad-
ministration, the raw MHT scores were regressed on
age (in days) on 4 June 1947. The residuals were then
scaled to the mean of 100 and S.D. of 15 to create
IQ-type scores.

Reading tests

Two reading tests were administered that are used to
estimate premorbid/prior cognitive ability: the WTAR
(Psychological Corporation, 2001) and the NART
(Nelson & Willison, 1991). Both tests use a list of 50 ir-
regular words, arranged in order of difficulty, from
simple (again, ache) to difficult (insouciant, syncope).
Participants are required to read these words aloud
and a trained tester assesses the correctness of the pro-
nunciation. We used the number of correct responses
as a score on the WTAR and NART, respectively.

The MMSE

The MMSE (Folstein et al. 1975) was administered to
participants at each wave. It is often used as a screen-
ing test for signs of cognitive impairment. It tests vari-
ous abilities, including attention, memory, language
and comprehension, figure drawing, and basic orienta-
tion. Maximum score is 30 and a score below a cut-off
of 24 is often used to indicate possible dementia
(Tombaugh & McIntyre, 1992).

Education

The principal educational attainment variable was a
self-reported highest educational qualification obtained,
which was coded as follows: 0, no qualification; 1,
O-level or equivalent; 2, A-level or equivalent; 3, semi-
professional/professional qualification; and 4, degree.
Self-reported number of years in full-time education

was also recorded. Main analyses were performed
with highest qualification as an indicator of educational
attainment. They were later repeated with years of edu-
cation entered instead of highest qualification as an al-
ternative indicator.

Dementia diagnosis

Self-reported history of dementia was obtained during
an interview at every wave of testing.

Statistical analysis

Basic analyses were performed in IBM SPSS Statistics,
v. 19 (IBM Corp., USA). Auxiliary analyses were per-
formed in R software v. 3.2.1 (https://cran.r-project.org/
bin/windows/base/old/3.2.1/). Differences between corre-
lations (Steiger, 1980) were tested using r.test command
in package ‘psych’ (Revele, 2015). Sensitivity analyses
using Poisson regressions were implemented using
glm command in ‘stats’ package (R Core Team, 2015).

Ethical standards

The authors assert that all procedures contributing to
this work comply with the ethical standards of the rele-
vant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

Results

Descriptive statistics and correlations between WTAR,
NART, MMSE, and age 11 IQ are shown in Table 1.
The high positive correlation between WTAR and
NART and between the reading tests and age 11 IQ
were reported previously on a subsample of the
LBC1936 who attended two waves of testing (Dykiert
& Deary, 2013) and they are near-identical to the
ones found here.

MMSE correlated moderately with both WTAR (r =
0.42, p < 0.001) and NART (r = 0.41, p < 0.001). We re-
mind the reader that these were all tested in older
age. MMSE in older age was positively correlated
with MHT score at age 11 (r = 0.40, p < 0.001), and
with the highest qualification obtained (r = 0.23, p <
0.001) and the number of years in full-time education
(r = 0.19, p < 0.001). WTAR and NART were both posi-
tively correlated with educational variables, with correl-
ation coefficients between 0.49 and 0.57 (all p < 0.001).

Does prior IQ account for MMSE–WTAR/NART
correlations?

To test whether the correlations between the reading
tests and MMSE reflect their shared sensitivity to
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differences in prior cognitive ability, we computed par-
tial correlations between WTAR and MMSE and be-
tween NART and MMSE, controlling for age 11 IQ.
Partialling out actual prior ability (age 11 IQ from the
MHT test) reduced the correlations of WTAR and
NART with MMSE. The partial correlation between
WTAR and MMSE was pr = 0.23, p < 0.001, reduced
from 0.42. This is a 70% reduction in the shared vari-
ance (R2) between WTAR and MMSE, from 17.6% to
5.3%. The partial correlation between NART and
MMSE was pr = 0.20, p < 0.001, reduced from 0.41.
This is a 76% reduction in the shared variance (R2) be-
tween NART and MMSE, from 16.8% to 4.0%. A for-
mal test for comparing correlations (Steiger, 1980)
confirmed that the WTAR–MMSE and NART–MMSE
correlations were significantly as well as substantially
attenuated by partialling out prior ability (WTAR: z =
9.40, p < 0.001; NART: z = 9.98, p < 0.001).

Does education account for MMSE–WTAR/NART
correlations?

All variables of interest (WTAR, NART, MMSE, age 11
IQ) were significantly related to education (Table 1).
We investigated the role of education in associations
between scores on the reading tests and on the
MMSE. An adjustment for highest qualification
obtained resulted in an attenuation of WTAR–MMSE
and NART–MMSE correlations, but to a lesser degree
than was seen with the before-mentioned childhood
IQ adjustment. Partial correlation coefficients were pr
= 0.36 and pr = 0.34, respectively, down from 0.42 and

0.41. These are 27% and 31% reductions, respectively,
in the shared variance (R2) between WTAR–NART
and MMSE (from 18/17% to 13/12%). Both were signifi-
cant at p < 0.001 and significantly different from their
respective zero-order correlation coefficients (WTAR:
z = 3.97, p < 0.001; NART: z = 4.33, p < 0.001).

To what extend do education and childhood IQ
combined account for MMSE–WTAR/NART
correlations?

Partial correlation coefficients, after controlling for
both highest qualification and prior IQ simultaneously
(WTAR: pr = 0.23; NART: pr = 0.19), were almost identi-
cal to those obtained after controlling for prior IQ alone
(WTAR: pr = 0.23; NART: pr = 0.20). This suggests that
education explained almost no variance in the
WTAR–MMSE and NART–MMSE associations beyond
that explained by age 11 IQ.

Predicting MMSE from WTAR and NART scores

Because MMSE scores are related to childhood IQ, and
because most of the MMSE’s variance that is shared
with childhood IQ is also shared with scores on read-
ing tests, it might be possible to predict the ‘expected’
MMSE scores for a given level of prior or premorbid
cognitive ability from scores obtained on WTAR or
NART (see Crawford et al. 1992, for a similar approach
in predicting verbal fluency performance). The
expected MMSE scores, predicted from regression
equations built on our sample, are presented in

Table 1. Descriptive statistics and inter-correlations of cognitive tests scores and education levels (N = 1024)

Descriptive statistics

Correlations

Mean S.D. Min Max NART MMSE
Age 11
IQ

Education
(years) Qualification

WTAR 41.13 7.04 14 50 0.89 0.42 (0.23) 0.67 0.49 (0.31) 0.55 (0.34)
NART 34.55 8.06 10 50 0.41 (0.20) 0.69 0.52 (0.35) 0.57 (0.37)
MMSE 28.83 1.37 22 30 0.40 0.19 (0.03) 0.23 (0.05)
Age 11 IQ 100.02 15.01 38.48 129.88 0.42 0.49
Education (years) 10.72 1.12 7 14
Qualification 1.66 1.30 0 4
Age at testing in childhood
(years)

10.94 0.28 10.42 11.42

Age at testing in older age
(years)

69.53 0.84 67.61 71.30

WTAR, Wechsler Test of Adult Reading; NART, National Adult Reading Test; MMSE, Mini-Mental State Examination.
Values in parentheses show partial correlation coefficients after controlling age 11 IQ.
Education represents number of years in full-time education; Qualification is the highest qualification obtained.
All correlations in bold are significant at p < 0.001.
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Table 2. We compared these predicted MMSE scores
with the actual MMSE scores obtained. Mean discrep-
ancy from the predicted MMSE was 0.08 (S.D. = 1.30) for
the WTAR-predicted MMSE and 0.10 (S.D. = 1.27) for
the NART-predicted MMSE. For both discrepancy
scores calculated using WTAR and NART, a score of
-4 or lower (i.e. an obtained MMSE score that is 54
points below the predicted MMSE score) was obtained
rarely, by only 1.5% of our sample. We suggest that
this level of discrepancy might be used in screening
participants or clients for possible cognitive decline
or impairment.

In practice, an individualized MMSE cut-off may be
obtained by predicting MMSE score from WTAR or
NART, using the conversion table (Table 2), and
deducting 4 points. For example, for a person with a
NART score of 17 (i.e. for a person with an estimated
IQ of approximately 100; Nelson & Willison, 1991)
the predicted MMSE would be 27 and the individua-
lized cut-off, 27 – 4 = 23. Thus, for a person with an
average IQ, the individualized MMSE cut-off would
be 423 (i.e. <24) which corresponds to the one widely
used in current practice. However, for a person with a
NART score of 10 (corresponding to an IQ of 95), the
MMSE cut-off would be lower, 422, and for people
with very high IQs (scoring 49 or 50 on the NART),
it would be 426.

Sensitivity analysis

Partial correlations are easily understood and have been
used to test similar research questions in the past (e.g.
Crawford et al. 2001). However, partial correlations as-
sume that associations between variables are linear
and that there are no interactions. This might not be
the case, especially since we are dealing with MMSE,

whose distribution deviates from normality. Because
errors on the MMSE (i.e. reverse of an MMSE score) ap-
proximate a Poisson distribution, we performed sensi-
tivity analysis, in which MMSE errors were modelled
as a Poisson variate in a generalized linear model. We
then calculated the reduction in deviance due to
WTAR/NART before and after controlling for age 11
IQ. The results were very similar to those obtained
using partial correlations: the reductions in deviance
due to WTAR/NART after controlling for age 11 IQ
were 75% and 78%, respectively. The reductions in devi-
ance due to WTAR/NART after controlling for highest
qualification obtained were 36% and 37%, respectively
(highest qualification was not significantly associated
with MMSE errors when a reading test score was also
included in the model). When both qualification and
age 11 IQ were controlled, the reductions in deviance
due to WTAR/NART were 79% and 81%, respectively.
These were only slightly greater than the reductions
after controlling for age 11 IQ alone and highest qualifi-
cation was not a significant predictor of MMSE in these
models. We also tested interactions between predictors
in each model of MMSE. None was statistically
significant.

We repeated all analyses reported above replacing
highest qualification with years in full-time educa-
tion – an alternative, commonly used, measure of edu-
cational attainment. The pattern of results was the
same.

We preformed another sensitivity analysis to investi-
gate whether the relationships between MMSE,
WTAR/NART and age 11 IQ might be driven by parti-
cipants with greater degree of cognitive impairment.
We excluded all cases with MMSE <24 or a diagnosis
of dementia. To do this, we utilized the longitudinal
data collected on the sample 3 and 6 years after the ini-
tial testing, at mean ages of 72.49 (S.D. = 0.72) and 76.24
(S.D. = 0.68). This way we could identify individuals
whose performance at wave 1 might have been nega-
tively affected by a preclinical cognitive impairment
or dementia. In total, 25 participants were excluded
with low MMSE or dementia diagnosis at baseline or
during the 6-year follow-up (seven participants met
the criteria already at wave 1, and further 18 at
waves 2 and/or 3). The correlations between MMSE
and WTAR/NART/age 11 IQ changed very little, indi-
cating that they were not driven by individuals with
lowest MMSE scores, and possible undiagnosed path-
ology, but operate even in what we defined as the nor-
mal range. The association is presented graphically in
Fig. 1, in which mean scores on WTAR and NART
are plotted against MMSE scores. There is a clear pat-
tern of increasing WTAR and NART scores as a func-
tion of MMSE, which continues throughout the
MMSE range.

Table 2. Table for converting obtained WTAR and NART scores
into predicted MMSE scores

Obtained
WTAR score

Obtained
NART score

Predicted
MMSE score

Suggested
MMSE cut-off

14–16 25 421
17–20 10–12 26 422
21–26 13–18 27 423
27–35 19–28 28 424
36–50 29–48 29 425

49–50 30 426

WTAR, Wechsler Test of Adult Reading; NART, National
Adult Reading Test; MMSE, Mini-Mental State Examination.
The ranges of WTAR and NART scores presented here

each begin with the lowest score observed in our sample.
No extrapolations are made beyond those lowest scores.
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Discussion

WTAR and NART (which are used to estimate prior
cognitive ability and would ideally not be affected by
mild cognitive decline) were both positively correlated
with MMSE (which is used to estimate cognitive de-
cline and would ideally not be correlated with prior
cognitive ability), with medium effect size, even in a
relatively healthy sample. We tested whether control-
ling for cognitive ability at age 11 significantly attenu-
ated the associations between the reading tests and
MMSE. It did, with ∼70% reduction in the shared vari-
ance between reading test and MMSE association.
Considering that the correlations between childhood
IQ and WTAR/NART are not perfect estimates – there
is error of measurement in the variables – the extent of
this already large attenuation is probably an underesti-
mate. Controlling for education also attenuated the
associations between the reading tests and the MMSE.
However, education had virtually no shared variance
with WTAR/NART and MMSE that was not accounted
for by age 11 IQ. In other words, education did not
make a contribution to the association between
WTAR/NART and MMSE beyond that made by age
11 IQ alone. These results support the hypothesis that
the relationship between the reading tests and MMSE
is driven by the sensitivity of both these types of tests
to prior cognitive ability (Crawford et al. 2001). This
was demonstrated here for the first time for the WTAR.

Of course the fact that age 11 IQ is correlated with
MMSE at age 70 might mean one of two things: either

MMSE scores, which measure cognitive ability in old
age, are related to cognitive ability at age 11 (i.e. less
intelligent children go on to have lower MMSE scores
in old age that do not indicate pathology); or age 11
IQ predicts the likelihood of suffering cognitive im-
pairment in old age (i.e. less intelligent children are
more likely to suffer impairment, which is reflected
in a low MMSE score). It remains to be tested how
the differences in MMSE that are related to childhood
IQ translate into clinical diagnoses.

Implications for research and clinical practice

The remarkable finding from this study might be how
much of MMSE–WTAR/NART association can be
attributed to individual differences in a 45-min
paper-and-pencil test taken at age 11. This requires fur-
ther investigation, as it may have implications for both
research and clinical practice. It suggests that it must
be recognized how much MMSE indicates prior ability
in addition to cognitive decline. This was previously
shown in ‘developmentally delayed’ adults (Myers,
1987). Here, we demonstrated that scores from
MMSE administered in old age are correlated with
childhood cognitive ability estimates, even in a cogni-
tively normal sample (in fact, the LBC1936 sample
used in this study is cognitively higher, on average,
than the population). Practitioners using MMSE
should be aware of the extent to which its scores re-
present prior ability. What follows is that any given

Fig. 1. Average Wechsler Test of Adult Reading (WTAR) and National Adult Reading Test (NART) scores by Mini-Mental
State Examination (MMSE) score. Error bars represent 95% confidence intervals.

6 D. Dykiert et al.



MMSE score does not indicate the same amount of cog-
nitive pathology for people who have different prior
cognitive ability. Depending on whether the aim is to
determine the level of cognitive functioning, in abso-
lute terms, or to infer a possible negative change
from one’s pre-existing level, an adjustment to the
MMSE score might be advisable. The latter is often pre-
ferred in clinical contexts because it is the within-
person decline that indicates a potential pathology
and it is the subjective change, specific to each individ-
ual that will negatively affect their well-being, level of
functioning, etc. To that end, our results suggest that
MMSE cut-offs should be adapted, based on the indivi-
dual’s initial ability. Because they are rarely available,
WTAR or NART scores might be an acceptable, rela-
tively easily obtainable proxy for the actual pre-
existing ability level. Our data indicate that an
MMSE score of 22 or 23, below the commonly used
cut-off (<24) might be expected from cognitively
healthy older people with below average IQ. On the
other hand, a score as high as 26 among people with
high IQ may already be indicative of cognitive deteri-
oration. Our cut-off for high NART scorers is in agree-
ment with a cut-off for dementia screening among
highly educated individuals, suggested elsewhere
(O’Bryant et al. 2008)

A second finding with a potential clinical relevance
and requiring further investigation is the small remain-
ing correlation between the premorbid ability tests and
the MMSE after adjustment for prior ability. This
might mean that the reading tests are somewhat sensi-
tive to cognitive impairment. However, the more likely
explanation is that the degree of attenuation of the re-
lationship between MMSE and the reading tests by
controlling for prior ability is an underestimate. For ex-
ample, whatever the MMSE and WTAR/NART share
with respect to prior ability may not be fully captured
by the MHT, because the crystallized ability captured
by the NART/WTAR peaks in adulthood, a consider-
able time after the MHT was administered. We expect
that if we had a measure of prior ability that was taken
in early or middle adulthood and based on a more ex-
tensive set of tests, the attenuation might be higher or
even near-to-complete. Studies with a premorbid/prior
ability estimate from middle age, close to reaching
their maximum crystallized ability but before any
age-related cognitive decline is expected, might make
a valuable contribution.

Strengths and limitations

The principal strength of the study is the availability of
a large sample of older adults, from a single
year-of-birth cohort, for whom cognitive ability was
tested in childhood as well as in older age. The

association of WTAR/NART, education and MMSE
might vary as a function of age, both because more
neurodegenerative problems become apparent with
ageing, and because of cohort differences in education.
The narrow-age cohort used in our study provides a
natural control for these potential effects. The availabil-
ity of validated IQ-type test results from age 11
enabled us to test which associations found in later
life stem from individual differences in cognitive abil-
ity in childhood. This was also an ideal time for the
IQ test, because it is at the end of universal primary
Scottish education, prior to differences in subjects
being taken by different individuals in secondary edu-
cation. Finally, a 6-year follow-up enabled a sensitivity
analysis, excluding participants who, after the initial
testing occasion, developed cognitive impairment indi-
cative of a possible pathology.

The sample used in this study is of above-average in-
telligence. Our results might not generalize to people
with very little education or lower cognitive ability.
Given this limitation, we did not extrapolate predicted
MMSE scores beyond the lowest WTAR and NART
scores observed in the sample. Another limitation is
the lack of prior ability measures from early to mid-
adulthood. The cohort was not tested between ages
11 and 70 and so, we could only approximate their
maximal prior ability from a short cognitive ability
test at age 11 and from the reading tests administered
at age 70. It would be useful to investigate the associa-
tions addressed in this study on a sample for whom
cognitive ability data from mid-life is available.

Conclusions

In this study, we demonstrated that a large proportion
of WTAR’s and NART’s correlations with MMSE is
explained by childhood IQ and that education does
not make an additional contribution to that associ-
ation, beyond that of childhood cognitive ability. This
was demonstrated for the first time for the WTAR.
Scores on the MMSE administered at age 70 were mod-
erately positively correlated with cognitive abilities in
childhood, suggesting that the same MMSE score
might indicate different amount of cognitive pathology
depending on prior cognitive ability. Where MMSE is
intended as a screening tool for possible dementia or
other cognitive disorder, it might be advisable to con-
sider the obtained score in the context of prior ability,
or WTAR/NART score, which can be used as its proxy.
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