
� � � � � � � � � � � � 	 � 
 � � � �  � � �
� � � � � � � � � � � � � � � � � � � � � � � � �  � �  � � � � ! " # � $ % & ' � % ( � & ) � % * + & + * * , & ' ( * ( & + (- � � �  " .  � / � ! � . �  � 0 � � . � � ! � . � " � � �  � � 0 � �  1 � � �2 3 4 � & % � & & , , � % * + & + * * , & ' ( * ( & + (� � � " . � � � 1 �  " .  � & $ 5 � ! . " $ % & '6 7 8 9 : ; < 9 = > ? @ A : ; < 9 ? B 8 C 9 D EF � ! � 5 " / � � G H I ! . � J � K . � L � � G M ! . � � .  � H � ! � .  � G K �  1 ! � N ! � . � � � �  1 4 � � � � " K �  � �  �

O � � " . � � � 1 � # �P Q Q R S T T U U U V W X Y Z R [ \ ] ^ _ X Q ^ ` a W V _ ` b c d e f g h i j e k d l mn o p q r s t o u v w q x s y q x z { | } z ~ x s y q } s r � � w p q o t o � }� k k � l � i e d � � g � � � c g � d e k � e h i � � d l � i e h i � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � d � � � � g � l � m � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� j f � c � � � l � i e � m� � � � � � �       � � � � � � � � � � � � � � � � � � � � � ¡ � � � � � � � � � � ¢£ g � � � e l � m � � � � � � �       � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � � � � � � ¢¥ g � � � � � � i e � m
¦ � � � . � - � . � § ¨ 5 � ! & $ G $ % & '3  " .  � N . ! � � © � ! � . �  � 0 J � � � ! 1 ¨ 5 � ! & ) G $ % & '3  " .  � N . ! � � © � ! � . �  � 0 J � � � ! 1ª ª

« ¬  ® ¯ ° ± ² ± ³ ³ ´ µ ´ ¶ ¯ · ¸ ´ ¸ ¹ º » ´ ¼ ½ ¾ ¿ À Á Â Ã Ä À ÅÆ Ç ¼ È É « Ç Ê ¼ Ë Ì È Í º ÎÏ º Ð » ¿ º « Ñ Ê Ñ Ò ½ º Î



Article

Premorbid IQ Influence on Screening
Tests’ Scores in Healthy Patients and
Patients With Cognitive Impairment

Lara Alves, PhD1, Mário R. Simões, PhD2, Cristina Martins, PhD3,

Sandra Freitas, PhD1, and Isabel Santana, PhD4

Abstract

Cognitive screening tests are well-established tools for detecting cognitive impairment, but concerns regarding the influence of

premorbid intelligence on patient’s performance and cognitive status classification remain. Risk of inaccurate assessment

especially affects the elders with high or low premorbid intelligence (who are more likely to be misclassified). The present study
examines the influence of premorbid intelligence assessed by the TeLPI (an irregular words reading test) on 2 cognitive screening

tests, the Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA), in healthy participants and

patients with cognitive impairments (mild cognitive impairment and Alzheimer disease). Results show that premorbid IQ

influences the MMSE and the MoCA scores in both the groups, predicting variance from 8.4% to 33.2%, according to test and

group analyzed. Hence, we propose that whenever the MMSE or the MoCA is used, premorbid IQ evaluation should also be

considered to ensure correct interpretation and classification.
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Introduction

Several studies have demonstrated that performance in screen-

ing tests is influenced by sociodemographic variables such as

age and educational level.1-3 The influence of health variables

such as depression or family history of dementia on perfor-

mance has also been reported in the literature.2 However, few

studies have examined the influence of premorbid ability (or

premorbid IQ) on screening tests.4-6 Premorbid IQ assessment

is considered essential for the clinical diagnosis of dementia

and age-related cognitive decline, since baseline test data refer-

ring to previous premorbid functioning against which an indi-

vidual’s current performance can be compared are necessary

for evaluating the changes in cognition over time.7,8

Both the Mini-Mental State Examination (MMSE)9,10 and

the Montreal Cognitive Assessment (MoCA)11,12 are widely

used as cognitive screening tests. Several studies have con-

cluded that premorbid IQ, along with age and education, is a

major predictor of MMSE scores in healthy adults5,9 as well

as in dementia across a wide range of severity.6 So far, to our

knowledge, no study has been conducted to research the influ-

ence of premorbid IQ on MoCA scores, although the effect of

age and years of education on these scores has been recently

examined.1 Education has been widely reported as a marker for

premorbid IQ.4,13-18 Education level has also been used as a sub-

stitute for cognitive reserve,17,19 and both brain and cognitive

reserve models converge in the assumption that individuals with

a high cognitive reserve show a delay in the appearance of

symptoms and retain a clinical advantage compared to low

reserve patients.4 In the brain reserve capacity model,20,21

clinical or functional impairment will appear only when such

reserve is depleted over a critical threshold, varying among

patients. In the cognitive reserve model hypothesis, the focus

is on the ability to optimize the performance through the differ-

ential recruitment of brain networks that may reflect the use of

alternative cognitive strategies.19 It is hypothesized that a

greater pathological load is needed to produce the same sever-

ity of dementia in those with increased cognitive reserve and
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that dementia severity predicts the rate of subsequent decline.22

However, the cognitive reserve model also predicts that higher

functioning individuals will show a more rapid deterioration

over time. In fact, if greater cognitive reserve allows the brain

to cope with a greater amount of damage, when this reserve is

exhausted, a faster rate of decline is also expected.4,19,22

Previous findings on the relationship between education and

Alzheimer disease (AD) progression have been controversial,

with positive association reports,23,24 negative associations,25

and neutral.26However, more recent studies on both preclinical

and incident AD cases show a positive association between

higher education and faster global, memory, and executive

decline.16,17 The cognitive reserve model predicts a faster rate

of cognitive decline when the reserve is overloaded, but slower

progression is expected in very mild cases or normal individu-

als with higher cognitive reserve.27,28

Although this paradigm is yet to be established, a measure of

cognitive reserve is thought to be useful,18 since elders display-

ing high premorbid intelligence are more likely to be misclas-

sified as normal, while those with low premorbid intelligence

are more likely to be misclassified as demented.5 Quantifying

relationships between premorbid IQ and cognitive test results

should allow for more accurate adjustments of premorbid IQ,

when neuropsychological assessment is part of the diagnostic

process,6 and can otherwise contribute to rule out a prior

cerebral disease.29

The development of the irregular words reading test30 for

Portuguese speakers and its validation in mild cognitive

impairment (MCI) and mild-to-moderate AD groups31 afforded

the possibility for the study of this relationship in the Portu-

guese population.

The TeLPI13 is a reading test containing 46 Portuguese

words of decreasing familiarity in similar concept to the

National Adult Reading Test (NART)-Revised.32 Each word

presents at least one case of nonbiunivocal and thus irregular

grapheme—phoneme correspondence. Since correct pronun-

ciation of words presenting irregular letter-sound pairings can-

not be accomplished through the application of grapheme-to-

phoneme conversion rules and guesswork, it has been argued

that performance on irregular words reading tests is most likely

to depend on previous knowledge than on current cognitive

capacity.32,33

The TeLPI scores are correlated with the full-scale intelli-

gence quotient (FSIQ) of the Portuguese version of the Wechs-

ler Adult Intelligence Scale-Third Edition (WAIS-III34), and

the test incorporates demographic variables in regression

formulas that explain 63% of FSIQ variance in accordance with

other reading tests that typically report variances such as 55%

(NART33), 61% (Hopkins adult reading test35), and 65% (Test

of Premorbid Functioning—UK version [TOPF-UK36]). The

TeLPI exhibits very good psychometric properties, since it has

an excellent internal consistency and test—retest reliability,13

also in line with research on other reading tests.35,37

Hence, the aim of this study is to investigate the influence of

premorbid IQ on MMSE and MoCA scores using the TeLPI,

both in healthy patients and patients with cognitive impairment

and eventually to ascertain the indication for an adjustment of

MMSE and MoCA scores according to an expected level of

performance.

Methods

Participants

The total study sample is composed of 208 participants distrib-

uted across 3 groups: (1) the mild cognitive impairment (MCI)

group with 53 patients, (2) the AD group with 51 patients, and

(3) the cognitively healthy group with 104 adults. Patients were

recruited at the Dementia Clinic, Neurology Department of the

Coimbra University Hospital (Coimbra University Hospital,

Coimbra, Portugal). Healthy participants were selected in the

community, matching patients in gender, age, educational

level, and place of residence. The demographic data of the

participants are provided in Table 1.

To implement and confirm the standard clinical criteria, all

patients were submitted to a comprehensive neurological and

neuropsychological evaluation. The neurological evaluation

was performed by a neurologist and included: (1) a detailed

history provided by the patient and by a reliable source, (2) a

neurological examination, and (3) a psychiatric evaluation.

Patients were investigated with routine laboratory examina-

tions/analysis for dementia, structural imaging studies (com-

puted tomography [CT] and/or magnetic resonance imaging),

single-photon emission CT, and apolipoprotein E genotyping

mainly to exclude other dementia diseases or relevant medical

conditions. The PET and cerebrospinal fluid analysis were

carried out more restrictively but always considered in younger

patients (below 60 years of age). The neuropsychological

assessment was performed by trained neuropsychologists and

included a comprehensive neuropsychological assessment

battery with the following instruments:

1. Mini-Mental State Examination9,10

2. Montreal Cognitive Assessment11,12

3. Alzheimer Disease Assessment Scale38,39

4. Clinical Dementia Rating40,41

5. Subjective Memory Complaints scale42,43

6. Geriatric Depression Scale44,45

The diagnosis was established by a multidisciplinary team

consensus, considering the results of the assessment and based

on the international criteria for MCI of the Petersen work-

group46 and for probable AD.47,48 The MCI group included

patients classified as ‘‘amnesic MCI’’ (single or multido-

main49) and with a complementarity-determining region

(CDR) classification of 0.5. On the other hand, the AD group

included patients only with mild-to-moderate severity (classi-

fied with CDR � 2 and MMSE � 12). In addition, the patients

were excluded from the study if any of the following criteria

were met:

1. Birthplace or completion of formal education outside of

Portugal.
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2. Inability to read or understand written Portuguese.

3. Acute/instable somatic disease.

4. Recent psychiatric comorbidities or therapeutic changes

(6 months prior to the current neuropsychological

evaluation).

5. Significant motor, visual, or auditory deficits that could

influence the neuropsychological assessment results.

The healthy group participants were recruited in the com-

munity and selected for the study according to age (group),

gender, educational level, and area of residence in order to

match patients belonging to both the clinical samples. As a

result, there was an almost perfect match between MCI or axial

diffusion groups and associated healthy participants. Inclusion

criteria for healthy participants were

1. Birthplace and completion of formal education in

Portugal.

2. Ability to read and understand written Portuguese.

3. Absence or correction of motor, speech, audition, or

vision disorder.

4. No past history of head injury with loss of conscious-

ness, major psychiatric, or neurological disorders that

could affect cognitive ability as well as of chronic

unstable systemic disorders with impact on cognition.

5. No symptoms of cognitive impairment including dimin-

ished autonomy in daily activities.

6. No history of alcoholism or substance abuse.

7. Absence of significant depressive complaints and med-

ication with possible impact on cognition (eg, psycho-

tropic or psychoactive drugs).

Procedures

All participants were recruited between June 2009 and January

2012 and completed the assessment in a single session by a

neuropsychologist. Only patients with a complete clinical eva-

luation, fulfilling the inclusion criteria, presenting a stable clin-

ical condition, and a well-established diagnosis, were

considered to be eligible for this study. The healthy condition

of the control group participants was also ascertained by an

interview performed by a neuropsychologist, using a standard

questionnaire that included a complete sociodemographic sur-

vey, an inventory of current clinical health status, the past

habits, and a medical history. This information was also

checked with the general practitioners and/or an informant

(usually an individual who lived with the participant or a close

relative). All instruments were applied strictly following

manual instructions.

The present research complied with the Declaration of

Helsinki ethical guidelines for human experimentation and was

approved by the Ethics board of Coimbra University Hospital,

by the ‘‘Fundação para a Ciência e Tecnologia’’ (Portuguese

Foundation for Science and Technology), and by the Faculty

of Psychology and Educational Sciences Scientific Committee.

All patients gave their informed consent after the aim of the

study was explained to them. For the patients with AD who

were incapable of providing consent, a legal representative

provided it on their behalf.

Statistical analysis was performed with the SPSS (version

19.0; IBM SPSS, Chicago, Illinois). Descriptive statistics and

chi-square were used for the sample’s characterization, and the

2-sample t test, along with the analysis of covariance

(ANCOVA) and regressions (Enter method), allowed for group

comparisons and variables influence.

Neuropsychological Testing and Materials

In the initial clinical interview performed by a neuropsycholo-

gist, the demographic and clinical data were collected though a

complete sociodemographic questionnaire, an inventory of

current and past clinical health status, the habits, and a medical

history. The interview was followed by the administration of

the following materials (in addition to the previously men-

tioned instruments included in the standard battery that was

used for inclusion criteria only): MMSE, MoCA, and TeLPI,

in this fixed order for all patients.

Both the MMSE and the MoCA are in paper-and-pencil for-

mat and are scored out of a possible 30 points, with higher

scores indicating better cognitive performance. The MMSE is

a screening test grouped into 7 categories: (1) orientation, (2) reg-

istration, (3) attention and concentration, (4) recall, (5) language,

(6) repetition, and (7) visual construction. The MoCA screens

milder forms of cognitive impairment through the assessment

of 6 cognitive domains: (1) executive functions, (2) visuospa-

tial abilities, (3) short-term memory, (4) language, (5) atten-

tion, concentration, and working memory, and (6) temporal

and spatial orientation. The MoCA is a 1-page test with an

application time of approximately 10 to 15 minutes and

includes a manual where explicit instructions concerning its

administration and scoring system are provided. The greater

diagnostic accuracy and discriminant validity of the MoCA

as a global cognitive assessment instrument in comparison

with MMSE50 justifies its use in the present study.

The TeLPI is an instrument specially developed for the

Portuguese population that uses valid regression formulas for

estimating premorbid intelligence, which include performance

scores (number of errors in irregular words reading) with socio-

demographic variables (years of education).13 The TeLPI is

easy to apply, short (3-5 minutes to administer), well tolerated,

exhibits excellent concurrent validity, and is, overall, valid for

premorbid intelligence estimation in a normal population, fill-

ing an important gap in the neuropsychological evaluation of

adult Portuguese speakers aged 25 to 86.13 The TeLPI is com-

posed of a card with 46 printed irregular words, a registering

form with the indication of different possibilities for correct

pronunciation (according to linguistic variation in Portugal),

the regression formulas used for the WAIS-III FSIQ, Verbal

Intelligence Quotient and Performance Intelligence Quotient,

a manual with explicit instructions concerning its administra-

tion and scoring system, and a CD recording admissible pro-

nunciations for European Portuguese, as to simplify scoring.

Recording of patients’ sessions is recommended, allowing for
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future consideration in the case of doubts regarding scoring

(procedure that was followed in the present study).

Results

Characteristics of the groups are provided in Table 1, consider-

ing sample size, age, educational level, gender, residence,

MMSE scores, MoCA scores, and 2 TeLPI-related data (num-

ber of errors and FSIQ estimation).

As mentioned earlier, the control participants were selected

as to match patients in the clinical groups and are therefore con-

sidered demographically equivalent. Consequently, no statisti-

cally significant differences were found between control and

clinical groups on age (t(206) ¼ ÿ.81, P > .05), years of educa-

tion (t(206) ¼ÿ.46, P > .05), gender (k2(1)¼ .000, P¼ 1.0), and

area of residence (k2(2) ¼ .000, P ¼ 1.0). When analyzing dif-

ferences between the groups (MCI/control and AD/control) in

more detail, as for age (t(102) ¼ ÿ.92, P > .05), gender (k2(1) ¼

.000, P¼ 1.0), and area of residence (k2(2)¼ .000, P¼ 1.0), the

nonsignificance relation continues to hold, but since educa-

tional levels (1-4/5-9/10-12/>12) were used in defining the

sample, the difference between the groups regarding the vari-

able years of education was found to be significantly different

(t(102) ¼ 2.44, P < .05). The MMSE scores (t(102) ¼ 11.52, P <

.001) and MoCA scores (t(102) ¼ 11.66, P < .001) were also

found to be significantly different. Using an ANCOVA for the

years of education variable control, no statistically significant

differences were observed in number of errors on the TeLPI

between controls, MCI, and probable patients with AD

(F(2,207) ¼ 1.42, P > .05, Zp
2
¼ .014), suggesting that the

diagnosis has a very slight effect in TeLPI results.51 In contrast,

the difference between the scores in the MMSE (F(2,207) ¼

186.4, P < .001, Zp
2
¼ .649) and in the MoCA (F(2,207) ¼

223.6, P < .001, Zp
2
¼ .689) was found to be statistically sig-

nificant between control, MCI, and AD groups, supporting the

sensitivity of these instruments in detecting cognitive dete-

rioration. The results on the MMSE and the MoCA represent

the deterioration along the spectrum of cognitive impairment,

with patients with AD obtaining lower scores than patients with

MCI.

In contrast with the results obtained by screening instru-

ments for cognitive deterioration, no statistically significant

differences were found between the TeLPI scores (t(206) ¼

.06, P > .05) and the FSIQ estimation (t(206) ¼ ÿ.244, P >

.05), confirming that irregular words reading performance is

equivalent between control and clinical groups.

Correlations between the variables are presented in Table 2.

The TeLPI-IQ was found to have a significant correlation with

MMSE and MoCA in all the study groups. The cognitively

healthy group displayed higher correlations than the clinical

group between the TeLPI and the MMSE and the MoCA. It

should be further noted that these correlations were consis-

tently higher between the TeLPI-IQ and the MoCA in all

studied groups. Age was not found to significantly correlate

with the TeLPI-IQ in any of the groups studied. On the other

hand, as expected, the education variable was found to highly

correlate with the TeLPI-IQ in all the groups.

Since previous analyses have shown that TeLPI results are

reliable across healthy and clinical groups and that no signifi-

cant differences were found between them, regression equations

Table 2. Correlations Between MMSE/MoCA and Age, Education and TeLPI’s Premorbid IQ Estimation.a

Group (n) Variables Age Education TeLPI-IQ

Total (208) MMSE ÿ.062 (P > .050) .207 (P < .001) .297 (P < .001)

MoCA ÿ.147 (P ¼ .035) .260 (P < .001) .356 (P < .001)

Age — ÿ.051 (P > .050) .068 (P > .050)
Education — — .886 (P < .001)

CH group (104) MMSE .017 (P > .050) .394 (P < .001) .455 (P < .001)

MoCA ÿ.210 (P ¼ .032) .489 (P < .001) .582 (P < .001)

Age — ÿ.069 (P > .050) ÿ.077 (P > .050)
Education — — .892 (P < .001)

Clinical group (104) MMSE ÿ.059 (P > .050) .266 (P ¼ .006) .391 (P < .001)
MoCA ÿ.114 (P > .050) .322 (P ¼ .001) .455 (P < .001)
Age — ÿ.038 (P > .050) ÿ.061 (P > .050)
Education — — .880 (P < .001)

MCI group (53) MMSE ÿ.176 (P > .050) ÿ.173 (P > .05) .271 (P ¼ .049)

MoCA ÿ.335 (P ¼ .014) .228 (P ¼ .101) .347 (P ¼ .011)

Age — ÿ.046 (P > .050) ÿ.151 (P > .050)
Education — — .907 (P < .001)

AD group (51) MMSE .135 (P > .050) .138 (P > .050) .306 (P ¼ .032)

MoCA .182 (P > .050) .219 (P > .050) .390 (P ¼ .006)

Age — .027 (P > .050) .080 (P > .050)
Education — — .855 (P < .001)

Abbreviations: AD, Alzheimer disease; CH group, cognitively healthy group; clinical group, all patients with MCI and AD; MMSE, Mini-Mental State Examination;
MoCA, Montreal Cognitive Assessment; MCI, mild cognitive impairment.
aEducation is evaluated in years successfully completed at school.
Note: Significant correlation (2-tailed) are marked in bold.
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were computed for all of the 208 patients included in the study.

For both the MMSE and the MoCA, the regression equations

revealed significant models (MMSE: b ¼ .297, t(206) ¼

4.470, P < .001; MoCA: b¼ .356, t(206)¼ 5.470, P < .001), and

the TeLPI-IQ yielded a 8.4% prediction on the MMSE variance

(adjusted R2
¼ .084, F(1, 207) ¼ 19.99, P < .001) and a 12.3%

prediction on the MoCA variance (adjusted R2
¼ .084, F(1,

207) ¼ 19.99, P < .001). Furthermore, for the MMSE, we

observed a possible variation from .037 to .095 per IQ point

(B ¼ .066, 95% confidence intervals, P < .001), and for the

MoCA, we observed a variation from .083 to .177 per IQ point

(B ¼ .130, 95% confidence intervals, P < .001).

In a second step analysis, patients were stratified into 2

separate groups (patients and cognitively healthy groups) and

linear regressions were also calculated. As presented in Table 3,

for the cognitively healthy group, the TeLPI-IQ regression

model was found significant for the MMSE (b ¼ .455,

t(102) ¼ 5.164, P < .001), explaining 20% of its score variance

(adjusted R2
¼ .200, F(1, 103) ¼ 26.670, P < .001), ranging from

.022 to .049 per IQ point (B ¼ .036, 95% confidence intervals,

P < .001). Regression equations for the MoCAwere also signif-

icant in the cognitively healthy group (b ¼ .582, t(102) ¼ 7.219,

P < .001), explaining 33.2% of the score variance (adjusted R2

¼ .332, F(1, 103) ¼ 52.11, P < .001), ranging from .083 to .146

per IQ point (B ¼ .114, 95% confidence intervals, P < .001). In

the clinical group, this tendency was also observed, yielding

significant linear regression models for both the MMSE (b ¼

.391, t(102) ¼ 4.293, P < .001) and the MoCA (b ¼ .455,

t(102) ¼ 5.158, P < .001). The TeLPI-IQ explains 14.5% of the

MMSE score variance (adjusted R2
¼ .145, F(1, 103) ¼ 18.430,

P < .001), ranging from .055 to .150 per IQ point (B ¼ .036,

95% confidence intervals, P < .001) and 19.9% of the MoCA

score variance (adjusted R2
¼ .199, F(1, 103) ¼ 26.605, P <

.001), in a range from .096 to .216 per IQ point (B ¼ .156,

95% confidence intervals, P < .001).

In a third analysis, the clinical group was divided according

to MCI or AD diagnoses, and linear regressions were also

calculated. Table 3 presents the regression formula results. The

MCI group presented a significant TeLPI-IQ regression model

for the MMSE (b ¼ .271, t(51) ¼ 2.014, P ¼ .049), explaining

5.5% of its score variance (adjusted R2
¼ .055, F(1, 52) ¼ 4.055,

P ¼ .049), ranging from .000 to .068 per IQ point (B ¼ .034,

95% confidence intervals, P ¼ .049). Regression equations for

the MoCA were also significant in this group (b ¼ .347, t(51) ¼

2.645, P ¼ .011), explaining 10.32% of the score variance

(adjusted R2
¼ .103, F(1, 52) ¼ 6.998, P ¼ .011), ranging from

.020 to .143 per IQ point (B ¼ .081, 95% confidence intervals,

P < .001). In the AD group, this tendency was also observed,

yielding significant linear regression models for both the MMSE

(b¼ .306, t(49)¼ 2.205,P¼ .032) and theMoCA (b¼ .390, t(49)
¼ 2.900, P ¼ .006). The TeLPI-IQ explains 9.4% of the score

variance of the MMSE (adjusted R2
¼ .094, F(1, 50) ¼ 4.862,

P ¼ .032), ranging from .006 to .131 per IQ point (B ¼ .039,

95% confidence intervals, P¼ .032) and 13.4% of the score var-

iance of the MoCA (adjusted R2
¼ .134, F(1, 50) ¼ 8.410, P ¼

.006), in a range from .028 to .153 per IQ point (B ¼ .090,

95% confidence intervals, P¼ .006).

Table 4 is also presented with the correspondence between IQ

points and each MMSE or MoCA point gained in the sample.

Discussion

The MMSE and MoCA scores were significantly lower in

patients (MCI and AD groups) when compared to healthy

Table 3. TeLPI’s-IQ Explained Variance of the Different Study Groups.a

Group (n)

Total (208) CH Group (104) Clinical Group (104) MCI Group AD Group

MMSE MoCA MMSE MoCA MMSE MoCA MMSE MoCA MMSE MoCA

TeLPI-IQ
adjusted R2

.084 .123 .200 .332 .154 .199 .094 .134 .055 .103

B (CI) .066
(.037-.095)

.130
(.083-.177)

.036
(.022-.049)

.114
(.083-.146)

.103
(.055-.150)

.156
(.096-.216)

.069
(.006-.131)

.090
(.028-.153)

.034
(.000-.068)

.081
(.020-.143)

Abbreviations: AD, Alzheimer disease; CH group, cognitively healthy group; clinical group, all patients with MCI and AD; MMSE, Mini-Mental State Examination;
MoCA, Montreal Cognitive Assessment; B, B coefficient; CI, confidence interval; MCI, mild cognitive impairment.
a95% CI is considered for B.

Table 4. Correspondence Between IQ Points and Each MMSE or MoCA Point Gained in the Sample.

Group (n)

Total (208) CH Group (104) Clinical Group (104) MCI Group (53) AD Group (51)

MMSE 15 29 10 29 14
MoCA 8 9 7 12 11

Abbreviations: AD, Alzheimer disease; CH group, cognitively healthy group; clinical group, all patients with MCI and AD; MMSE, Mini-Mental State Examination;
MoCA, Montreal Cognitive Assessment; MCI, mild cognitive impairment.
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elders. In addition, differences observed between the clinical

groups were also anticipated and considered representative of

the decline along the spectrum of cognitive impairment, with

patients with AD obtaining lower scores than patients with

MCI. In contrast, the TeLPI scores were not statistically differ-

ent between these groups when the variable years of education

was controlled. These results confirm that the capacity for

reading irregular words is preserved in the prodromal and in the

initial stages of dementia, as reported in previous studies with

irregular words reading tests.31,52-56

According to our results, TeLPI-IQ correlated significantly

with both MMSE and MoCA scores as well as with the years

of education variable in all the studied groups. Note that

TeLPI-IQ correlations with years of education are similar in all

the studied samples. The relationships between premorbid IQ,

cognitive screening tests, and education in clinical samples

have been previously explored with equivalent results. For

example, the WTAR37 exhibits a correlation of .34 between the

premorbid functioning and the MMSE in patients with AD that

can be considered similar, although smaller than those found in

our study for both the MMSE (r[104]¼ .391, P < .001) and the

MoCA (r[104] ¼ .455, P < .001).

Previous studies have also reported the strong and positive

relation of education and premorbid IQ on cognitive function-

ing as measured by the MMSE.4,6,14-17 For example, the

fNART,53 another instrument of premorbid intelligence estima-

tion, was also highly related to education level in healthy

participants (r[388] ¼ .57, P < .001).

Age was also found to be significantly correlated with per-

formance on the MMSE and the MoCA in previous studies.6,50

However, in the present study, this was not confirmed for the

MMSE in all the study groups and, in what regard to the

MoCA, there was a significant, yet weak correlation (a higher

correlation exists in MCI group). The absence of a strong cor-

relation between age and the screening tests’ scores in our sam-

ple can be more substantially due to the smaller size and limited

age range of the sample studied (M¼ 72.78, standard deviation

¼ 7.98; min: 50, max: 91), compared to the other community

studies that were conducted with larger samples and partici-

pants distributed along a wide age range. The same tendency

is observed in the absence of significant correlations between

age and TeLPI-IQ scores. Nevertheless, results similar to our

own findings have also been reported,15 sustaining that, if

intelligence is associated with health in old age, its effects are

weakened by the age of 70, thus explaining the lack of corre-

lations between premorbid IQ and age. In fact, age was also

not significant in the models derived from the TeLPI final ver-

sion validation sample,13 in line with other premorbid intelli-

gent instruments such as the WTAR,37 the TOPF-UK,36 and

the NART-SWE54 that reported no correlation between age

and premorbid intelligence when computing the regression

formulas.

Although all correlations between the TeLPI-IQ and the

screening tests are significant, they are consistently higher with

the MoCA. This fact is probably due to MMSE ceiling effects,

and also because the MoCA assesses not only more cognitive

domains than the MMSE does but also those of greater

complexity, such as executive functions, visuospatial abilities,

language, attention, concentration, and working memory.11,12,57

Since the capacity for reading irregular words was found to

be preserved in the prodromal and in the initial stages of

dementia, we first opted to consider our sample as a whole. Our

related data are in line with other studies, confirming that pre-

morbid IQ influences both MMSE and MoCA scores.6 The

TeLPI-IQ explains 8.4% of the MMSE variance and 12.3%

of the MoCA variance. As a consequence, when considering

the sample as a whole (see Table 4), 1 MMSE point is gained

for every added 15 TeLPI-IQ points, and 1 MoCA point is

gained for every added 8 TeLPI-IQ points (other available data

are also presented in Table 4 so that different ponderation val-

ues can be used according to the clinical preferences). Several

misclassification errors can be elicited if this correction is not

considered. For example, a patient with 12 years of education

and with a score of 28 on the MMSE (according to Portuguese

cutoff scores, �27 MMSE score indicates cognitive decline in

this range of education) would be classified as nonimpaired.

Nevertheless, if a premorbid intelligence IQ measure of, for

example, 130 is taken into consideration, 2 points on the

MMSE should be pondered, revealing that, in fact, the patient

has a real MMSE score of 26 and a possible decline outcome

score. In the opposite extreme, if a patient with 9 years of edu-

cation scores 21 on the MMSE (according to Portuguese cutoff

scores, �22 MMSE score indicates cognitive decline in this

range of education), the classification of impairment should

be proposed. However, if a premorbid IQ of 70 is taken into

consideration, 2 points should be added on the MMSE score,

resulting in a corrected MMSE score of 23, which is considered

normal. The amount of TeLPI-IQ explained variance in MMSE

and MoCA may also indicate that TeLPI is not a redundant

instrument but a complementary one in an assessment battery

for cognitive decline.

Although there were no significant differences on the

TeLPI-IQ between clinical and healthy samples, we decided

to develop a more thorough analysis considering the sample

groups separately (healthy group vs clinical group), so that

comparisons with other studies could be drawn. It is also

important to emphasize that, given the lack of studies in analyz-

ing the influence of premorbid IQ on MoCA scores, no com-

parative analysis involving this screening test in the healthy

or in the impaired sample could be conducted.

Differences can be observed when comparing TeLPI’s-IQ

explained variance in the cognitively healthy group and the

clinical group on both the MMSE and the MoCA and between

the 2 screening tests. According to our results, TeLPI-IQ

explained a higher percentage of the variance of the MMSE and

the MoCA scores in the cognitively healthy group than in the

clinical group (Table 3). When considering the results of the

MCI and the AD groups independently, it can be noted that

TeLPI-IQ explains a higher percentage of the variance of the

MoCA scores than that of the MMSE scores, following the ten-

dency of the results presented in the previous analysis of this

study when the whole sample was considered. Despite the
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rigorous selection criteria applied in both the groups, other

health variables may have potentially influenced the perfor-

mance of the clinical group and account for the difference

between explained variance of TeLPI-IQ in the healthy and

clinical sample. This was also found in other studies where

parasite variables associated with physical and functional sta-

tus influenced premorbid IQ estimation in clinical samples,

without a comparably relevant impact on the healthy popula-

tion.15 In these studies, the crucial importance of taking into

account the adaptive ability of an individual within a particular

environment, integrating personal cognitive change with more

absolute social requirements was also pointed out. Another

plausible explanation for these results would include the ceiling

effects of both the MMSE and the MoCA in their relation to

previous intelligence level. Note that, for healthy participants,

30 points on the MMSE or on the MoCA are typically easier to

achieve than for patients in the clinical group, thus originating

less variability of the scores in the healthy group, with possible

effects on explained variance.

In other studies, the results of both healthy and clinical

groups are similar to our own findings. In a clinical group of

patients with mild-to-moderate AD, NART-IQ explained

18% of the MMSE variance,6 whereas in our sample, TeLPI-

IQ explained 15.4% of this variance in the clinical group,

9.4% in the MCI group, and 5.5% in the AD group. Besides, the

same study concluded that 1 MMSE point is gained for every

added 5 IQ points,6 representing an even greater influence of

the premorbid IQ on this screening test when compared to our

own results (see Table 4). Hence, it is possible for patients with

IQs in the superior range to score above cutoff on the MMSE

or, by inference, on the MoCA at an early stage of AD. Chris-

tensen and Jorm,,5 studying healthy elders, also concluded that

patients with high premorbid intelligence are more likely to be

misclassified as normal, while those with low premorbid intel-

ligence are more likely to be misclassified as demented. The

need for premorbid IQ consideration in dementia assessment

is also expressed in normative cognitive aging studies.6,14,15

The main limitation of the present study is the inability to

determine with certainty which variables influence the differ-

ence of the TeLPI’s-IQ explained variance between clinical

and healthy groups, despite the rigorous sample selection that,

on the other hand, does represent one of its major strengths.

Further studies could benefit from a more thorough physical

and functional examination of the samples as to ascertain

possible parasite variables. Another limitation is the fact that

only the amnesic subtype of MCI (single or multidomain) was

considered, restricting the generalization of our results to other

forms of MCI. On the other hand, the rigorous methodology

followed in the present study represents added value: the sam-

ples are well validated, both healthy and clinical groups are

homogeneous with equivalent sample sizes (which reduces the

possible biases of sample sizes in statistical analysis), there is

perfect matching between groups regarding sociodemographic

characteristics, and instruments were rigorously applied with

no interrater variability. The present study is also the first to

examine the relationship between premorbid intelligence and

MoCA. The growing use of the MoCA in everyday practice and

research (in several clinical groups as MCI, AD, frontotem-

poral, and vascular dementia) and its overall superiority in

comparison with the MMSE as a global cognitive assessment

instrument regarding discriminative validity and diagnostic

accuracy50 justifies the importance of our findings.

Our main conclusion is that a single MMSE or MoCA score

should not be used to classify a patient as impaired, unless

interpreted in the light of original IQ. This perspective may

have important implications for clinical practice and the early

detection of dementia preventing misclassification errors, and

the risk of healthy participants being considered impaired or

impaired participants being assessed as cognitively normal.

Even if premorbid IQ is taken into consideration in dementia

evaluation, borderline cases will still be difficult to assess,

because depending on their adaptive cognitive processes,

patients may move across the dementia threshold, modulated

by factors such as intercurrent physical illness, changed envi-

ronment, and so forth.6,58 Therefore, if the MMSE and the

MoCA are to be used as screening tests for cognitive impair-

ment, our data indicate that premorbid IQ scores should also

be considered to ensure correct interpretation of results from

patients with known or suspected cognitive impairment and for

a more rigorous classification and intervention.
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Cognitive Assessment, MoCA: a brief screening tool for mild

cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-699.

12. Simões MR, Freitas S, Santana I, et al. Montreal Cognitive

Assessment (MoCA): Versão final portuguesa [Montreal Cogni-

tive Assessment (MoCA): Final Portuguese version]. Coimbra,

Portugal: Serviço de Avaliação Psicológica, Faculdade de Psico-

logia e de Ciências da Educação o da Universidade de Coimbra;

2008.

13. Alves L, Simões MR, Martins C. The estimation of premorbid

intelligence levels among Portuguese speakers: the Irregular

Word Reading Test (TeLPI). Arch Clin Neuropsychol. 2012;

27(1):58-68.

14. Brayne C, Beardsall L. Estimation of verbal intelligence in the

elderly community: an epidemiological study using NART. Br

J Clin Psychol. 1990;29(pt 2):217-223.

15. Starr JM, Whalley LJ, Inch S, Shering PA. The quantification of

the relative effects of age and NART-predicted IQ on cognitive

function in healthy old people. Int J Geriatr Psychiatry. 1992;

7(3):153-157.

16. Amieva H, Jacqmin-Gadda H, Orgogozo JM, et al. The 9 year cog-

nitive decline before dementia of the Alzheimer type: a prospective

population-based study. Brain. 2005;128(pt 5):1093-1101.

17. Scarmeas N, Albert SM, Manly JJ, Stern Y. Education and rates of

cognitive decline in incident Alzheimer’s disease. J Neurol

Neurosurg Psychiatry. 2006;77(3):308-316.

18. Star JM, Lonie J. Estimated pre-morbid IQ effects on cognitive

and functional outcomes in Alzheimer disease: a longitudinal

study in a treated cohort. BMC Psychiatry. 2008;8:27.

19. Stern Y. What is cognitive reserve? Theory and research applica-

tion of the reserve concept. J Int Neuropsychol Soc. 2002;8(3):

448-460.

20. Katzman R. Education and the prevalence of dementia and

Alzheimer’s disease. Neurology. 1993;43(1):13-20.

21. Satz P. Brain reserve capacity on symptom onset after brain

injury: a formulation and review of evidence for the threshold the-

ory. Neuropsychology. 1993;7(3):237-295.

22. Stern Y. Cognitive reserve and Alzheimer disease. Alzheimer Dis

Assoc Disord. 2006;20(2):112-117.

23. Rasmusson DX, Carson KA, Brookmeyer R, Kawas C, Brandt J.

Predicting rate of cognitive decline in probable Alzheimer’s

disease. Brain Cogn. 1996;31(2):133-147.

24. Unverzagt FW, Hui SL, Farlow MR, Hall KS, Hendrie HC.

Cognitive decline and education in mild dementia. Neurology.

1998;50(1):181-185.

25. Fritsch T, McClendon MJ, Smyth KA, Ogrocki PK. Effects of

educational attainment and occupational status on cognitive and

functional decline in persons with Alzheimer-type dementia. Int

Psychogeriatr. 2002;14(4):347-363.

26. Haxby JV, Raffaele K, Gillette J, Schapiro MB, Rapoport SI. Indi-

vidual trajectories of cognitive decline in patients with dementia

of the Alzheimer’s type. J Clin Exp Neuropsychol. 1992;14(4):

575-592.

27. Mortimer JA. Brain reserve and the clinical expression of Alzhei-

mer’s disease. Geriatrics. 1977;52(suppl 2):S50-S53.

28. Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA,

Markesbery WR. Brain infarction and the clinical expression of

Alzheimer’s disease. The Nun Study. JAMA. 1997;277(10):

813-817.

29. Lindeboom J, Launer LJ, Schmand BA, Hooyer C, Jonker C.

Effects of adjustment on the case-finding potential of cognitive

tests. J Clin Epidemiol. 1996;49(6):691-695.

30. Alves L, Martins C, Simões MR. Avaliação da Inteligência Pré-
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