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Abstract

Background—The number of individuals who reach extreme age is quickly increasing. Much of 

the current literature focuses on impaired cognition in extreme age, and debate continues regarding 

what constitutes “normal” cognition in extreme age. This study aimed to provide oldest-old 

normative data and to compare cognitive performances of cognitively-intact elderly individuals 

from the Framingham Heart Study.

Methods—1302 individuals ages 65+ years old from the Framingham Heart Study were 

separated into five-year age bands and compared on cognitive tests. Multivariate linear regression 

analyses were conducted, adjusting for gender, the WRAT-III Reading score, and cohort. Analyses 
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also included comparisons between 418 individuals ages 80+ and 884 individuals ages 65–79, and 

comparisons within oldest-old age bands.

Results—Normative data for all participants are presented. Significant differences were found on 

most tests between age groups in the overall analysis between young-old and oldest-old, and 

analysis of oldest-old age bands also revealed select significant differences (all p’s <.05).

Conclusion—As aging increases, significant cognitive differences and increased variability in 

performances are evident. These results support the use of age appropriate normative data for 

oldest-old individuals.

INTRODUCTION

The number of individuals who reach extreme age (85+ years) is quickly increasing, and the 

oldest-old are now the world’s fastest growing population (Kinsella & He, 2008). While 

much biomedical interest is now being turned to this group, a paucity of literature remains in 

the study of cognition in these very elderly, with some research extending the definition to 

include those as young as 80 years old (Katsumata et al., 2012; Lucca et al., 2012). 

Additional study of neuropsychological test performance is needed for further examination 

of several compelling questions in this field, the most pressing of which are: Is cognition 
distinct in the non-demented oldest-old as compared to young-old individuals? and What 
constitutes “normal” cognition in extreme age? Recent literature suggests that some 

cognitive domains, such as episodic memory, attentional capacity and processing speed, 

evidence decline in the oldest-old, while others (e.g., memory strategies, aspects of language 

and executive functions) are preserved (Slavin, Brodaty, & Sachdev, 2013) though disparate 

results have been reported in part due to methodological difficulties such as small sample 

sizes and restricted educational range. The answer to these questions will help to focus 

health care resources and public health policy for this elderly group, including guidelines for 

decision-making capacity, independent living, and driving. Additionally, cognitive measures 

have been shown to better predict mental health than physical measures (Poon et al., 2010), 

pointing toward a need for more accurate characterization of cognition for maximization of 

quality of life.

Much of the current cognitive aging research focuses on dementia (Yaffe et al., 2011), while 

less is known about individuals who reach oldest-old levels without significant cognitive 

impairment. Much of the research on non-demented cognitive aging in the oldest old focuses 

on the extreme end of the aging spectrum, which are the centenarians. Previous estimates 

suggest that anywhere from 11–54% of centenarians exhibit intact cognition (Kravitz, 

Schmeidler, & Beeri, 2012; Slavin et al., 2013). A recent imaging study of adults 18–94 

found that most brain structures do not follow a consistent path life and that different 

structures display a mix of trajectories. The authors suggest that accelerated decline in 

extreme age is not the norm of healthy brain aging (Fjell et al., 2013). Another imaging 

study by Harrison and colleagues (2012) suggested that “Superagers,” defined as individuals 

ages 80+ with memory performances equivalent to normative values for 50–65 year-olds, 

have thicker cerebral cortex than similar-aged peers and do not exhibit atrophy when 

compared to a 50–65 year-old control group. They questioned whether Superagers are born 

with thicker cortex or resist change over time (Harrison, Weintraub, Mesulam, & Rogalski, 
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2012). Cognitive studies including normative studies for this group are limited, and while 

use of normative data from younger samples can result in misclassification of cognitive 

status so can use of centenarian data on oldest old samples below the age of 100.

Some studies have begun to publish normative data on the cognitively intact oldest-old, 

though many are limited by small sample sizes and high levels of education. The widely 

cited Mayo’s Older Americans Normative Studies (MOANS) provided age- and age and IQ-

specific normative data for individuals ages 56–94 in Olmsted County, Minnesota on a 

number of cognitive tests for samples of Caucasian and later, African-American participants 

(Ivnik et al., 1992a, 1992b; Lucas et al., 2005; Steinberg, Bieliauskas, Smith, & Ivnik, 

2005). Participants for the MOANS studies were recruited based on visits to one of the two 

primary care clinics within the Mayo system rather than a truly random sampling from the 

community, and the number of participants ages 80 and above in the MOANS studies was 

typically small across studies. As the MOANS data was collected in the late 1980s and early 

1990s and other studies have provided evidence of differences in cognition between birth 

cohorts (Au et al., 2004; Hulur, Infurna, Ram, & Gerstorf, 2012), use of these data may 

become less relevant as time from data collection passes.

Ravdin et al. published normative data based on age groups of older adults. In this study 

only 35 individuals were over the age of 85 and most were women. While age was 

significant on tests of letter and semantic fluency, education was not (Ravdin, Katzen, 

Agrawal, & Relkin, 2003). Participants were excluded if they scored two standard deviations 

below the mean on any test of a previous neuropsychological evaluation. Educational level 

of excluded participants was not described. This exclusion may not, however, have been 

warranted. One review discussed the increase in within-subjects variability in cognitive 

performance in the oldest-old compared to young-old individuals (Calvert, Hollander-

Rodriguez, Kaye, & Leahy, 2006; Perls, 2004), so eliminating those based solely on poor 

performance may have disqualified individuals who either had low premorbid but intact 

cognitive function or reflect the broad range of normal variability previously demonstrated 

in this age group.

Beeri and colleagues published normative data for the Consortium to Establish a Registry for 

Alzheimer’s Disease (CERAD) battery in a group of oldest-old individuals. Beeri and 

coauthors found that age and education were important influencing factors in cognitive 

performance, highlighting the importance of normative data for the oldest-old. Participants 

in this study had an average of 15 years of education, and while the authors fitted regression 

models for hypothetical individuals including those with lower education, this assumes a 

linear trajectory that may not be accurate for such individuals (Beeri et al., 2006).

A population-based study of the oldest-old including 244 centenarians pointed out that at 

extreme age, visual, sensory and motor impairment can limit the types of 

neuropsychological tests individuals are able to complete (Miller et al., 2010). The authors 

noted that their method of assigning scores of 0 to participants who were unable to complete 

the tasks (Mini-mental State Examination (MMSE), Severe Impairment Battery (SIB), and 

Behavioral Dyscontrol Scale (BDS)) due to these impairments may limit the ability to 

generalize their results to studies with other methods of handling this issue. Additionally, 
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screening for dementia was not a part of this study and creating norms by combining 

cognitive performance in individuals with and without dementia is problematic.

Davey and coauthors provided normative data by gender, race, education and residential 

status on additional neuropsychological and physical measures (Finger Tapping Test (FTT), 

WAIS Similarities, MMSE, BDS, Controlled Oral Word Association Test (COWAT), SIB, 

the Global Deterioration Scale, the Field Object Memory Exam (FOME)) and physical 

measures for the same sample as described by Miller and colleagues (Davey et al., 2010). 

They found that cognitive and physical performances were better for men than women, 

whites than African Americans, community than facility residents, and those with more than 

high school education than those with less than high school education. Further analyses 

suggested that the associations with gender and race were likely attributable to differences in 

residential status or education. Davey and coauthors noted that education is not a reliable 

indicator of premorbid status and suggested that reading level may be more valuable, 

particularly when considering race.

Elias and colleagues provided age- and education-based normative data for 397 individuals 

ages 70–98 years old on a number of cognitive measures (WAIS Information, Similarities, 

Digit Span, Block Design subtests, the Trail Making Test, WMS Logical Memory and 

Visual Reproduction subtests, the Auditory Verbal Learning Test, the COWAT, FTT, and 

MMSE (Elias et al., 2011). They also provided normative data by age, education and gender, 

but cautioned against over-interpretation of these data due to small sample sizes. While they 

found that education was significantly related to cognitive performance, this effect was 

inconsistent across tests. The authors cautioned that adjusting for education may mask 

important age-cohort differences due to the inverse relationship between age and education 

in elderly individuals. Only 14 individuals in their study were over the age of 90.

Welsh-Bohmer and coauthors published normative data using a larger sample of oldest-old 

individuals (N=507) for Animal Fluency, the 15-item Boston Naming Test, the MMSE, 

CERAD word list, the Trail Making Test, a praxis test, WMS Logical Memory, the Benton 

Visual Retention Test, the COWAT, the Symbol-Digit Modalities test, and the Shipley 

Institute of Living Scale. Results highlighted visuomotor deficits in the oldest-old regardless 

of educational status, and effects of age and education across most measures (Welsh-Bohmer 

et al., 2009). These authors note that the amount of variance explained by their demographic 

variables was quite limited for some tests and hypothesized that other factors such as “native 

intelligence” and genetics may be more involved. Further studies similar to this are 

necessary to clarify which other variables are related to cognition in the oldest-old.

The goal of this paper extends previous literature by providing normative data on the 

cognitive performance of individuals ages 65–90+ from the community-based Framingham 

Heart Study (FHS) on widely used tests in cognitive research for members of the oldest-old. 

Additionally, we compare cognitive performance of young-old and oldest-old individuals 

defined as at least 80 years of age. While some recent studies of the oldest-old use age 85 or 

90 as the lowest age for this group (Beeri et al., 2006), we have included individuals starting 

at age 80 as has been reported in other studies (Ravdin et al., 2003). Further comparisons of 

cognitive performance among age bands within the oldest old group (80–84, 85–89, 90+) are 
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included allowing for the identification of potential differences within this sample of 

interest.

METHODS

Participants

The FHS began prospective examination of the community-based Original Cohort in 1948 

(Dawber, Meadors, & Moore, 1951). The Offspring Cohort was recruited in 1971 and 

includes the children of Original Cohort members and their spouses. Since 1999, all 

surviving members of the Original and Offspring Cohorts were invited to participate in a 

larger study of brain imaging and cognition. The present investigation includes 1302 

participants from both cohorts who completed a neuropsychological assessment between 

1999 and 2009. Only one assessment per individual (the individual’s initial assessment) was 

used for analysis. Individuals from both cohorts were included to allow for the comparisons 

of a range of young-old (ages 65–79) and oldest-old (ages 80+) individuals. Participants 

with documented clinical stroke, clinical dementia or other neurological disorders were 

excluded (N=243; 159 from the Original Cohort and 84 from the Offspring Cohort) as 

described in previous publications (Seshadri et al., 2006). Additionally, participants whose 

sensory impairment did not allow them to complete a test were excluded. All but eight 

young-old participants (N=876) were from the Offspring Cohort. Within the oldest-old 

group (N= 418), 40 were from the Offspring Cohort and 378 were from the Original Cohort. 

All participants provided written signed consent and the study was approved by the Boston 

University School of Medicine Institutional Review Board.

Measures

The neuropsychological test battery consisted of tests sampling across several major 

cognitive domains, including premorbid level of cognitive functioning (Wide Range 

Achievement Test-Third Edition (WRAT-III) (Wilkinson, 1993)), verbal memory (Wechsler 

Memory Scale (WMS) Logical Memory Immediate (LMI) and Delay (LMD) conditions 

(Wechsler, 1945)), attention and executive function (Trail Making Test (Reitan, 1958)), 

verbal fluency (Controlled Oral Word Association Test – FAS version (COWAT) 

(Borkowski, Benton, & Spreen, 1967)), visuospatial perception and organization (Hooper 

Visual Organizational Test (HVOT) (Hooper, 1983)), confrontation naming (Boston Naming 

Test – 30 Item Version (even items) (BNT) (Williams, Mack, & Henderson, 1989)), and 

abstract reasoning (WAIS Similarities (Wechsler, 1955)) as described in previous FHS 

publications (Au et al., 2004; Elias, Elias, D’Agostino, Silbershatz, & Wolf, 1997). Table 1 

lists the tests administered and score ranges used. We used the WRAT-III Reading Score as a 

measure of premorbid intelligence and a surrogate for education attainment, as it has been 

suggested to be a more accurate assessment of pre-morbid cognitive functioning than years 

of education (Manly, Jacobs, Touradji, Small, & Stern, 2002; O’Bryant, Schrimsher, & 

O’Jile, 2005). Many oldest-old individuals, particularly women, ended their formal 

education after high school, reflected in the US Census Bureau’s report that as of 2003, 

67.6% of individuals age 75+ completed 12 or fewer years of formal education (He, 

Sengupta, Velkoff, & DeBarros, 2005). FHS continues to utilize test versions that were used 

during the initial phases of the study (e.g., original versions of the WMS and WAIS) for the 
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purposes of longitudinal analysis. Table 2 lists the age, gender, education and WRAT-III 

Reading Scores for all participants in this study.

Procedures

Subjects were administered a neuropsychological test battery using standard test 

administration protocols given by trained technicians. With the exception of the Trail 

Making Tests A and B, both timed tests, higher scores indicate better performance. For the 

two Trails tests, lower scores were considered better. Also Trail Making A (Trails A) was 

subtracted from the raw Trail Making B (Trails B) score to compute an executive function 

score corrected for simple attention, as supported by the literature (Corrigan & Hinkeldey, 

1987; Sanchez-Cubillo et al., 2009). For the normative tables, Trail Making B was included 

as a separate variable for clinical utility.

Statistical analyses

The oldest-old age band from the two cohorts with group size sufficient for analysis (80–84 

year-olds) was compared on demographic (age, gender, education, WRAT-III Reading 

Score) and cognitive variables, as cohort differences in age, education, social and economic 

factors and cognitive functions have been demonstrated in a wider age range of FHS 

participants (Au et al., 2004). Table 3 lists the results. There were significant differences 

between cohorts in age (p<.001), education (p<.05), and on one cognitive measure (HVOT 

p<.05). Despite the fact that all oldest-old individuals grew up in the same era, some cohort 

differences were evident. Therefore, though cohorts were combined for analyses in this 

study, cohort was included as a covariate.

Normative tables show the distribution of test scores for specific age in oldest-old (80–84, 

85–89, 90+) and young-old (65–69, 70–74, 75–79); we present the average score, standard 

deviation, median score, 95th percentile, upper (75%) and lower (25%) quartiles as well as 

the 5th percentile scores. We included for the normative tables only those measures that are 

currently widely used (e.g., omitted original WMS and WAIS scores). Normative data based 

on age and level of education (< high school or > high school) are provided in the 

supplemental materials (Supplemental Table 4.1 and 5.1).

Data on all cognitive tests for all age bands (65–90+ in five-year increments) were compared 

using multivariate linear regression analysis, adjusting for gender, the WRAT-III Reading 

score, and cohort, to determine whether statistical significance exists between age bands. 

WRAT-III Reading scores, HVOT scores, BNT scores, and Trails B scores were log 

transformed to correct for skewness. Results are presented using betas and standard errors, 

which can be interpreted as differences in means. Unstandardized coefficients are provided 

in the supplemental materials (Supplemental Tables 6.1, 7.1 and 8.1).

Data for young-old (65–79) and oldest-old (80+) groups were also compared using 

multivariate linear regression analysis, adjusting for gender, the WRAT-III Reading score, 

and cohort, to determine whether cognitive performance in the oldest-old is distinct from 

that of the young-old. Cognitive performance in the two most aged five-year age bands 

within the oldest-old were compared to the 80–84 age band, again using multivariate linear 
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regression adjusting for gender, WRAT-III Reading score and cohort; post-hoc pair-wise 

comparisons were made among the sub-groups using Tukey’s procedure.

Finally, we examined possible effect modification by gender with tests of interaction, as 

there are purported cognitive differences between men and women at extreme age (Whittle 

et al., 2007). For all analyses, age (group) was used as a categorical variable. Significance 

level was set at 0.05 for all comparisons except for tests for interactions, for which the 

significance levels were set at 0.10. All analyses were performed with SAS 9.3 (SAS 

Institute Inc, Cary, NC).

RESULTS

Age Based Norms

We report performance data based on the Original and Offspring Cohorts combined. Tables 

4 and 5 present norms by age for the oldest-old and young-old, respectively. Normative data 

based on age and level of education (<high school or >high school) are provided in the 

supplemental materials (Supplemental Table 4.1 and 5.1).

Comparison of All Age Bands

For all comparisons, the 65–69 age band was used as a reference and all scores were 

adjusted for gender, the logarithm of WRAT-III Reading score, and cohort. As shown in 

Table 6, there were no significant differences in performance across age bands on COWAT. 

There were significant differences between each age band and the referent group on the 

Trails B-A and HVOT (see Figure 1). Additionally, there were significant differences 

between the referent group and all other age bands except the 70–74 year-old age band on 

WMS LMI, WMS LMD, and BNT. Finally, there were significant differences between the 

referent group and all other age bands except the 85–89 year-old age band on the WAIS 

Similarities subtest (see Figure 2).

Comparison of Young-old to Oldest-old

As shown in Table 7, we found differences in cognitive performance between individuals in 

the young-old (aged 65–79) and oldest-old age group (80+) on all cognitive measures 

evaluated except for SIM and COWAT. For all comparisons, the 65–79 age band was used as 

a reference, and all scores were adjusted for gender, the logarithm of WRAT-III Reading 

score, and cohort as above. Performances by oldest-old individuals on LMI, LMD, TMB-

TMA, HVOT, and BNT were significantly worse than young-old performance.

Comparison of Age Bands within the Oldest-old

For all comparisons, the 80–84 age band was used as a reference and all scores were 

adjusted for gender, the logarithm of WRAT-III Reading score, and cohort as above. As 

shown in Table 8, there were significant differences in performance between the 85–89 age 

band and the referent group on COWAT and HVOT. There were significant differences 

between the 90+ age band and the referent group on all tests but COWAT. Post-hoc pairwise 

comparisons using the Tukey procedure revealed a significant difference between the 85–89 

and 90+ age bands for SIM (p<0.05).
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Effect Modification by Gender

There was a significant interaction between gender and age when comparing the young-old 

and oldest-old groups on the LMI; F(1,1209)=3.12, MSE=0.847, p<0.10. Stratified analysis 

by gender revealed a difference between young-old and oldest-old only among women; β
±se: −0.53±0.18 (p<0.01), There was also a significant interaction between gender and age 

when comparing young-old and oldest-old groups on SIM; F(1,1207) = 5.03, MSE=0.666, 

p<0.05 and COWAT F(1,346) = 3.25, MSE = 0.779, p<0.10. Stratified analysis by gender 

revealed no significant differences between young-old and oldest-old among either gender 

for these measures. We did not find significant effect modification by gender on any other 

cognitive measure for the young-old—oldest-old comparison, nor when comparing age age 

bands within the oldest-old.

DISCUSSION

In the present study, normative data were provided and cognitive performance was 

investigated among elderly individuals from the Original and Offspring Cohorts of FHS with 

a particular focus on cognitive performance of oldest-old individuals. Accordingly, 

comparisons between participants ages 65–69 and five-year age bands up to 90+, between 

young-old and oldest-old age groups, and between five-year age bands within the oldest-old 

were examined for potential cognitive differences. Results from the initial analysis reinforce 

previous literature in showing that significant differences exist between elderly individuals 

and that as age increases, variability in test performance increases. The findings that 

cognitive performance in the oldest-old was significantly different from that of young-old 

individuals on five of seven measures compared support previous literature highlighting the 

need for normative data that is specific to oldest-old individuals. Performance on these tests, 

which have been related to activities of daily living for elderly individuals (Reppermund et 

al., 2011; Royall, Palmer, Chiodo, & Polk, 2005), encourage further study to elucidate which 

abilities are most sensitive to change as individuals reach extreme age, with implications for 

daily life function. Continued use of normative data that treat aging as a homogenous group 

(i.e. 75+) may result in inappropriate expectations for cognitive function and 

misclassification of cognitive deficit for oldest-old individuals. Using age bands for 

normative data such as what is presented in the current study will provide much more 

accurate and specific information about the abilities of individuals in extreme age.

Additionally, within the oldest-old age group, there were significant differences between age 

bands, particularly between the youngest (80–84) and oldest (90+) age bands, on tests of 

memory, abstract reasoning, executive functioning, visuospatial perception and 

confrontation naming, but not verbal (phonemic) fluency. Results concerning the 90+ age 

band should be considered cautiously as there were only 57 participants in this age band; 

this information was included despite this limitation because it highlights the range of ages 

within the FHS sample. The number of individuals in this group is likely to grow and will be 

included in future studies; it is of interest that though this data is preliminary, cognition does 

appear to continue to change at this advanced age, which supports recent studies of cognitive 

changes even among centenarians (Davey et al., 2013; Davey et al., 2010; Miller et al., 

2010). These results are generally similar to those reported by Welsh-Bohmer and 
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colleagues and Elias and co-authors (Elias et al., 2011; Welsh-Bohmer et al., 2009). Both 

groups found that oldest-old participants (85+ and 90–98, respectively) performed less well 

than younger participants on most tests of cognitive functioning except phonemic fluency. 

Direct comparisons between normative studies of the oldest-old are difficult due to 

differences across studies in sample (e.g., exclusion criteria for participants), methodology 

(we used WRAT Reading-adjusted scores for analysis – please see rationale for this type of 

analysis later in the Discussion), versions of neuropsychological tests (e.g., FAS verbal 

fluency versus CFL, BNT-15 versus BNT-30), reporting of age bands (e.g., five-year versus 

10-year age bands) and levels of education (two levels versus three levels of education). 

These results provide further evidence that oldest-old individuals are a distinct and 

heterogeneous group.

Comparisons of demographic variables and of specific cognitive tests were investigated for 

the Original and Offspring Cohorts because of previous findings of cohort differences (Au et 

al., 2004; Hulur et al., 2012). The Offspring Cohort was used for young-old to oldest-old 

comparisons because for this period of data collection (1999–2009), just eight individuals 

from the Original Cohort were of young-old age. In the present study, the Original Cohort 

had greater numbers of oldest-old participants than the Offspring Cohort. Importantly, age-

group matched comparisons between the Original and Offspring Cohorts still found 

differences in age, education and in visuospatial perception, suggesting that cohort 

differences should continue to be considered in future, longitudinal studies of cognitive 

aging. As more individuals in the Offspring Cohort reach extreme age, it will be important to 

examine cohort effects in the oldest-old, to see how enhancements in well-being due to 

generational differences affect cognitive functioning.

There was a significant interaction between age and gender on an immediate memory task, 

with stratified analysis by gender displaying a difference between young-old and oldest-old 

only among women, and on abstract reasoning and verbal fluency tasks, though stratified 

analysis by gender for these tasks revealed no differences between young-old and oldest-old 

individuals for either gender. Gender differences in verbal fluency and visuospatial skills 

have been supported previously with women generally outperforming men (fluency) and 

men generally outperforming women (visuospatial skills). While gender differences in 

extreme aging have been suggested in the literature, particularly that men who do reach 

extreme age fare better physically and cognitively than women of the same age (Andersen, 

Sebastiani, Dworkis, Feldman, & Perls, 2012; Xie, Matthews, Jagger, Bond, & Brayne, 

2008) (Davey et al., 2010), multiple studies have found that gender effects may be 

attributable to effects of education and age (Beeri et al., 2006; Davey et al., 2010; Dore, 

Elias, Robbins, Elias, & Brennan, 2007; Elias et al., 2011; Kenny et al., 2013; Welsh-

Bohmer et al., 2009). Indeed, in the current study, there are large educational differences 

between age bands (e.g., 16–43% of individuals in the oldest-old age bands, where the 

proportion of women is higher, with less than high school education compared to 3–10% of 

young-old individuals, where the proportion of women to men is nearly equivalent, with less 

than high school education), although the interaction reported was not a result of educational 

differences. Other studies of cognition in the extremely elderly have not found an effect of 

gender (Coluccia, Gamboz, & Brandimonte, 2011; Davey et al., 2013; Stein et al., 2012). 

The lack of other effect modifications by gender in the present study is consistent with 
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literature suggesting that gender may not be the most significant contributor to cognition 

among the oldest-old, though additional evidence about the specific nature of the interaction 

on these measures is a subject for future study.

The present study provides substantial evidence for the use of normative data distinct to 

cognitively intact oldest-old individuals and encourages a breakdown of scores even within 

this age group. Compared to previous studies of cognition in the oldest-old, the present study 

provides updated information for a longitudinally well-characterized community-based 

sample. We used WRAT-III reading scores as a measure of premorbid intelligence and a 

surrogate for education attainment, and we encourage future studies to consider this variable 

as well, as it has been suggested to be a more accurate assessment of pre-morbid cognitive 

functioning than years of education, particularly for this age range. For example, Ahl and 

coauthors (2013) found that in the Framingham Offspring cohort, MCI as defined by WRAT-

adjusted as compared to education-adjusted norms was more strongly associated with 

incident dementia for all cognitive tests examined (Ahl et al., 2013). Their suggestion of 

using reading level as a more accurate surrogate than years of formal education has been 

supported by other studies of the oldest-old (Davey et al., 2013; Davey et al., 2010; Elias et 

al., 2011). The influence of reading level on cognitive performance has been found in other 

populations as well. Mokri and colleagues (2012) compared Mexican literate and nonliterate 

participants without formal education and found that those with reading and writing skills 

performed significantly better on most tests, and suggested that literacy skills should be 

considered as an influential factor to cognitive performance (Mokri et al., 2012). In a sample 

of HIV+ and HIV− women, Manly and coauthors (2011) found that reading level as defined 

by the WRAT-III had the strongest relationship to cognitive performance, compared to HIV 

status, education, and in some cases, age (Manly et al., 2011). However, the majority of 

studies of cognition in the oldest-old do use education as a marker for premorbid ability and 

it is often found to be a significant predictor of cognitive performance (Beeri et al., 2006; 

Coluccia et al., 2011; Davey et al., 2010; Dore et al., 2007; Kenny et al., 2013; Miller et al., 

2010; Stein et al., 2012; Welsh-Bohmer et al., 2009), though a study of verbal fluency 

performance in elderly individuals found no significant differences based on reading ability 

or education (Ravdin et al., 2003). We do provide age- and education-based normative data 

in the supplementary materials as we know that clinicians more often have access to years of 

education than WRAT Reading performance.

Results from the current study provide a jumping off point from which future investigations 

will be able to further elucidate the complex nature and relations among multiple variables 

in the oldest-old. For example, clinicopathological studies of the oldest-old have found poor 

concordance between functional and pathological brain status, and point out that there are 

likely additional, as yet unknown variables to account for different types of cognitive 

trajectories in this extreme age group (Balasubramanian, Kawas, Peltz, Brookmeyer, & 

Corrada, 2012; Corrada, Berlau, & Kawas, 2012). As the population continues to age, it will 

be important to consider enhancements in variables contributing to quality of life to set 

expectations for cognition in extreme age.

There are multiple limitations of this study that should be addressed. The population in this 

study is Caucasian, which reflects the oldest-old population in this community setting in 
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1948, the date of initial recruitment. Also, due to the nature of participating in this 

multigenerational study, FHS participants are carefully monitored and may be more highly 

attuned to changes in health and cognitive status. In addition, participants with sensory 

impairments sufficient to preclude completion of any test were excluded. Therefore, 

generalizations to a wider population should be undertaken with caution. Our study was 

cross-sectional; longitudinal studies of cognitively intact aging individuals from a variety of 

ethnic backgrounds will be imperative in order to predict which individuals are likely to 

reach extreme age and what factors, including potentially modifiable factors, increase the 

likelihood of successful aging. Additionally, the use of older versions of some cognitive tests 

(e.g., original WMS and WAIS), while important for longitudinal study that includes use of 

these measures from 1976 to present, is a limitation as most clinicians today use updated 

versions of these tests.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Trail Making Test Data of Age Subgroups for All Participants (65–90+ year-olds)

Miller et al. Page 15

Exp Aging Res. Author manuscript; available in PMC 2017 September 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
WAIS Similarities Data of Age Subgroups for All Participants (65–90+ year-olds)

Miller et al. Page 16

Exp Aging Res. Author manuscript; available in PMC 2017 September 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miller et al. Page 17

Table 1

Neuropsychological battery

Neuropsychological Test Measure Cognitive Domain Range

Wide Range Achievement Test 3 Reading Subtest (WRAT-III Reading) Premorbid Cognitive Functioning 0–57

Hooper Visual Organizational Test (HVOT) Visuospatial Perception and Organization 0–30

WMS – Logical Memory – Immediate Recall (LMI) Verbal Memory 0–24

WMS – Logical Memory –Delayed Recall (LMD) Verbal Memory 0–24

Boston Naming Test – 30 Item Version (Even Items) (BNT) Naming 0–30

Controlled Word Association Test (FAS Version) (COWAT) Verbal Fluency 0–60+

Trail Making Test A completion time (TMA) Attention and Executive Function 0–420

Trail Making Test B completion time (TMB) Executive Function 0–600

Trail Making Test B completion time – Trail Making Test A completion time 
(TMB-TMA)

Executive Function Dependent on 
TMB and TMA

WAIS – Similarities subtest (SIM) Abstract Reasoning 0–26
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Table 2

Distribution of age, gender, education and WRAT-III Reading scores

Age N % women Education levels WRAT-III Reading
(Average ±SD)

65–69 381 207 (54.3%)

No HS: 14 (3.7%)
HS: 128 (33.6%)
SC: 121 (31.7%)
CD: 118 (31%)

41.5±4.9
45.1±4.3
48.2±4.0
51.5±3.9

70–74 321 163 (50.8%)

No HS: 32 (10%)
HS: 116 (36.1%)
SC: 71 (22.1%)
CD: 102 (31.8%)

41.6±4.3
45.7±4.6
48.1±4.3
50.9±3.8

75–79 182 99 (54.4%)

No HS: 12 (6.6%)
HS: 72 (39.5%)
SC: 54 (29.7%)
CD: 44 (24.2%)

39.2±5.5
45.5±4.2
47.9±4.5
50.8±3.9

80–84 252 156 (61.9%)

No HS: 42 (16.7%)
HS: 123 (48.8%)
SC: 49 (19.4%)
CD: 38 (15.1%)

41.6±5.2
46.2±4.7
49.0±3.6
51.4±3.9

85–89 109 69 (63.9%)

No HS: 28 (25.9%)
HS: 40 (37.1%)
SC: 23 (21.3%)
CD: 17 (15.7%)

41.3±6.7
46.1±5.5
48.6±4.5
52.5±2.9

90+ 57 43 (75.4%)

No HS: 25 (43.9%)
HS: 10 (17.5%)
SC: 12 (21.1%)
CD: 10 (17.5%)

41.6±5.0
49.4±5.3
47.7±6.3
52.6±2.5

HS= high school, SC= some college, CD= college degree
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Table 3

Cohort Differences on Demographic and Cognitive Variables

80–84

Original Offspring p-value

N= 216 N= 36

Age 82.7±1.3 81.6±1.4 <0.001

Male, N (%) 80 (37.4%) 16 (44.4%) ns

Education, N (%) <HS: 40(18.5%)
HS: 107(49.5%)
SC: 38(17.6%)
CD: 31(14.4%)

<HS: 2(5.6%)
HS: 16(44.4%)
SC: 11(30.6%)
CD: 7(19.4%)

0.031

WRAT* 48[43,51] 48.5[45,51] ns+

LMI 9.1±3.8 8.9±4.3 ns+

LMD 7.8±4.0 8.2±4.1 ns+

TMB-TMA* 1.6[1.1,3.0] 1.5[0.8,2.2] ns+

SIM 13.3±4.8 14.7±4.1 ns+

COWAT 32.5±13.4 38.4±11.6 ns+

HVOT* 20.5[16.5,23] 23.5[18.5,25] 0.014+

BNT* 25[21,27] 26[22,28] ns+

HS: high school; SC: some college; CD: college degree; LMI: WMS-R Logical Memory Immediate Recall; LMD: WMS-R Logical Memory 
Delayed Recall; TMB-TMA: Trail Making Test B-Trail Making Test A; SIM: WAIS-R Similarities Subtest; COWAT: Controlled Word Association 
Test; HVOT: Hooper Visual Organizational Test; BNT: Boston Naming Test.

All values are mean±SD unless otherwise noted

*
values are Median [Q1, Q3]

+
age-adjusted p-value

Exp Aging Res. Author manuscript; available in PMC 2017 September 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miller et al. Page 20

Ta
b

le
 4

N
or

m
at

iv
e 

da
ta

 b
y 

ag
e 

fo
r 

O
ld

es
t O

ld

H
V

O
T

B
N

T
C

O
W

A
T

T
M

A
T

M
B

T
M

B
-T

M
A

80
–8

4 
   

M
ea

n 
±

 S
D

20
.0

±
4.

5
23

.6
±

5.
2

32
.7

±
13

.4
54

.1
±

25
.7

19
8.

5±
14

7.
3

14
5.

2±
13

9.
7

 
95

%
26

.0
30

.0
57

.0
29

.0
67

.0
29

.0

 
75

%
24

.0
27

.0
40

.0
38

.0
10

7.
0

63
.0

M
ed

ia
n

20
.8

25
.0

31
.0

48
.0

14
5.

0
94

.0

 
25

%
17

.0
21

.0
22

.0
63

.0
22

5.
0

17
2.

0

 
5%

12
.0

16
.0

15
.0

10
6.

0
60

0.
0

54
6.

0

85
–8

9

M
ea

n 
±

 S
D

18
.3

±
4.

7
22

.7
±

6.
3

30
.0

±
12

.8
62

.0
±

43
.2

21
7.

1±
16

2.
6

15
9.

6±
14

3.
1

 
95

%
25

.0
29

.0
52

.0
27

.0
69

.0
34

.0

 
75

%
22

.0
27

.0
40

.0
37

.0
11

2.
0

68
.0

M
ed

ia
n

19
.0

25
.0

29
.0

49
.0

14
6.

5
10

4.
0

 
25

%
16

.0
20

.0
21

.0
74

.0
23

9.
0

18
9.

5

 
5%

9.
5

12
.0

13
.0

12
4.

0
60

0.
0

49
9.

0

90
+ 

   

M
ea

n 
±

 S
D

15
.9

±
4.

9
21

.1
±

5.
6

29
.0

±
14

.7
68

.1
±

47
.0

26
4.

4±
17

1.
9

19
6.

3±
15

3.
0

 
95

%
23

.5
27

.0
52

.0
35

.0
99

.0
61

.0

 
75

%
19

.5
25

.0
43

.0
49

.0
12

5.
0

70
.0

M
ed

ia
n

16
.0

22
.0

29
.0

58
.0

18
4.

0
11

8.
0

 
25

%
13

.5
19

.0
18

.0
70

.0
38

2.
0

30
4.

0

 
5%

6.
0

12
.0

8.
0

12
4.

0
60

0.
0

53
0.

0

H
V

O
T

: H
oo

pe
r 

V
is

ua
l O

rg
an

iz
at

io
na

l T
es

t; 
B

N
T

: B
os

to
n 

N
am

in
g 

Te
st

; C
O

W
A

T
: C

on
tr

ol
le

d 
W

or
d 

A
ss

oc
ia

tio
n 

Te
st

; T
M

A
: T

ra
il 

M
ak

in
g 

Te
st

 A
; T

M
B

: T
ra

il 
M

ak
in

g 
Te

st
 B

; T
M

B
-T

M
A

: T
ra

il 
M

ak
in

g 
Te

st
 

B
-T

ra
il 

M
ak

in
g 

Te
st

 A
.

Exp Aging Res. Author manuscript; available in PMC 2017 September 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miller et al. Page 21

Ta
b

le
 5

N
or

m
at

iv
e 

da
ta

 b
y 

ag
e 

fo
r 

Y
ou

ng
-O

ld

H
V

O
T

B
N

T
C

O
W

A
T

T
M

A
T

M
B

T
M

B
-T

M
A

65
–6

9 
   

M
ea

n 
±

 S
D

24
.6

±
2.

9
26

.8
±

2.
6

33
.2

±
10

.2
34

.6
±

12
.1

87
.1

±
43

.8
52

.8
±

41
.8

 
95

%
28

.5
30

.0
52

.0
20

.0
48

.0
16

.0

 
75

%
26

.5
29

.0
40

.0
26

.0
62

.0
31

.0

M
ed

ia
n

25
.0

27
.0

35
.0

32
.0

77
.0

43
.5

 
25

%
23

.0
25

.0
26

.0
40

.0
10

0.
0

64
.0

 
5%

19
.0

22
.0

13
.0

54
.0

15
5.

0
12

0.
0

70
–7

4 
   

M
ea

n 
±

 S
D

23
.7

±
3.

3
26

.6
±

2.
9

30
.2

±
15

.4
39

.3
±

15
.2

11
1.

0±
81

.0
71

.7
±

77
.4

 
95

%
28

.0
30

.0
60

.0
21

.5
50

.0
20

.0

 
75

%
26

.0
29

.0
40

.0
29

.0
70

.0
36

.0

M
ed

ia
n

24
.5

27
.0

26
.0

36
.0

93
.0

54
.0

 
25

%
22

.0
25

.0
21

.0
46

.0
12

2.
0

81
.0

 
5%

17
.3

21
.0

7.
0

68
.0

20
4.

0
15

5.
0

75
–7

9 
   

M
ea

n 
±

 S
D

22
.1

±
3.

9
25

.4
±

4.
6

33
.4

±
11

.0
44

.0
±

23
.0

13
5.

0±
10

7.
1

91
.6

±
10

2.
3

 
95

%
27

.0
30

.0
48

.0
24

.0
56

.0
19

.0

 
75

%
25

.0
28

.0
43

.0
31

.0
79

.0
42

.0

M
ed

ia
n

23
.0

26
.0

34
.0

37
.0

98
.0

59
.5

 
25

%
20

.0
24

.0
25

.0
51

.0
14

8.
0

97
.0

 
5%

14
.5

19
.0

16
.0

77
.0

32
4.

0
25

8.
0

H
V

O
T

: H
oo

pe
r 

V
is

ua
l O

rg
an

iz
at

io
na

l T
es

t; 
B

N
T

: B
os

to
n 

N
am

in
g 

Te
st

; C
O

W
A

T
: C

on
tr

ol
le

d 
W

or
d 

A
ss

oc
ia

tio
n 

Te
st

; T
M

A
: T

ra
il 

M
ak

in
g 

Te
st

 A
; T

M
B

: T
ra

il 
M

ak
in

g 
Te

st
 B

; T
M

B
-T

M
A

: T
ra

il 
M

ak
in

g 
Te

st
 

B
-T

ra
il 

M
ak

in
g 

Te
st

 A
.

Exp Aging Res. Author manuscript; available in PMC 2017 September 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miller et al. Page 22

Ta
b

le
 6

C
om

pa
ri

so
n 

of
 C

og
ni

tiv
e 

D
at

a 
of

 A
ge

 B
an

ds
 C

om
pa

re
d 

to
 R

ef
er

en
t G

ro
up

 (
65

–6
9 

ye
ar

-o
ld

s;
 n

=
38

1)

A
ge

 B
an

d
70

–7
4

75
–7

9
80

–8
4

85
–8

9
90

+

N
32

1
18

2
25

2
10

9
57

L
og

ic
al

 M
em

or
y 

Im
m

ed
ia

te
−

0.
11

±
0.

07
−

0.
22

±
0.

08
**

−
0.

57
±

0.
15

**
*

−
0.

71
±

0.
18

**
*

−
1.

06
±

0.
21

**
*

L
og

ic
al

 M
em

or
y 

D
el

ay
ed

−
0.

03
±

0.
07

−
0.

23
±

0.
08

**
−

0.
45

±
0.

15
**

−
0.

59
±

0.
18

**
*

−
0.

82
±

0.
21

**
*

T
ra

il 
M

ak
in

g 
Te

st
s 

(B
–A

)†
−

0.
21

±
0.

07
**

*
−

0.
39

±
0.

08
**

*
−

0.
58

±
0.

14
**

*
−

0.
70

±
0.

17
**

*
−

1.
05

±
0.

21
**

*

Si
m

ila
ri

tie
s

−
0.

14
±

0.
06

*
−

0.
23

±
0.

07
**

−
0.

28
±

0.
13

*
−

0.
24

±
0.

16
−

0.
75

±
0.

19
**

*

C
on

tr
ol

le
d 

W
or

d 
A

ss
oc

ia
tio

n 
Te

st
−

0.
06

±
0.

29
0.

07
±

0.
29

0.
39

±
0.

33
0.

10
±

0.
35

0.
11

±
0.

37

H
oo

pe
r 

V
is

ua
l O

rg
an

iz
at

io
na

l T
es

t†
−

0.
23

±
0.

06
**

*
−

0.
59

±
0.

08
**

*
−

0.
76

±
0.

13
**

*
−

1.
02

±
0.

16
**

*
−

1.
34

±
0.

20
**

*

B
os

to
n 

N
am

in
g 

Te
st

†
−

0.
01

±
0.

06
−

0.
20

±
0.

07
**

−
0.

31
±

0.
13

*
−

0.
37

±
0.

15
*

−
0.

71
±

0.
19

**
*

† N
at

ur
al

 lo
g 

tr
an

sf
or

m
ed

R
es

ul
ts

 a
re

 β
±

SE
 [

in
 s

ta
nd

ar
d 

de
vi

at
io

n 
un

its
 b

as
ed

 o
n 

th
e 

en
tir

e 
sa

m
pl

e 
(6

5–
90

+
)]

.

M
od

el
s 

ad
ju

st
ed

 f
or

 g
en

de
r, 

na
tu

ra
l l

og
 o

f 
W

R
A

T
 a

nd
 th

e 
co

ho
rt

 e
ff

ec
t

* p<
.0

5;

**
p≤

.0
1,

**
* p≤

.0
01

Exp Aging Res. Author manuscript; available in PMC 2017 September 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miller et al. Page 23

Table 7

Comparison of Oldest-Old (80+) Cognitive Data to Young-Old (65–79; n = 884)

N 418

Logical Memory Immediate −0.49 ± 0.14***

Logical Memory Delayed −0.40 ± 0.14**

Trail Making Tests (B–A)† −0.41 ± 0.13**

Similarities −0.17 ± 0.12

Controlled Word Association Test 0.29 ± 0.26

Hooper Visual Organizational Test† −0.54±0.13***

Boston Naming Test† −0.26±0.12*

†
Natural log transformed

Results are β±SE [in standard deviation units based on the entire sample (65–90+)].

Models adjusted for gender, natural log of WRAT and the cohort effect

*
p<.05,

**
p≤.01,

***
p≤.001
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Table 8

Comparison of Cognitive Data of Three Oldest-Old Age Bands Compared to Referent Group (80–84 year-

olds; n=252)

Age Band 85–89 90+

N 109 57

Logical Memory Immediate −0.14 ± 0.12 −0.49 ± 0.17**

Logical Memory Delayed −0.15 ± 0.12 −0.38 ± 0.17*

Trail Making Tests (B–A)† −0.16 ± 0.15 −0.50 ± 0.21*

Similarities 0.03 ± 0.12 −0.49 ± 0.17 **

Controlled Word Association Test −0.28 ± 0.12* −0.28 ± 0.16

Hooper Visual Organizational Test† −0.26 ± 0.10** −0.58 ± 0.14***

Boston Naming Test† −0.05 ± 0.10 −0.40 ± 0.14**

†
Natural log transformed

Results are β±SE [in standard deviation units based on the entire sample (65–95+)].

Models adjusted for gender, natural log of WRAT and the cohort effect

*
p<.05;

**
p≤.01,

***
p≤.001
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