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A previous publication presented normative data on neuropsychological
tests stratified by age, gender, and education based on the Original
Cohort of the Framingham Heart Study. Many contemporary investiga-
tions include subject samples with higher levels of education, a factor
known to affect cognitive performance. Secular change in education
prompted the reexamination of norms in the children of the Original
Cohort. The study population consisted of 853 men and 988 women from
the Offspring Study, free of clinical neurological disease, who underwent
a neuropsychological examination, which included tests given to their
parents in 1974 to 1976 as well as additional newer tests to provide a
more comprehensive battery. The Offspring population overall was more
evenly distributed by gender and better educated. Their performance on
cognitive tests was superior to that of the Original Cohort. Multivariable
analyses revealed that more years of education explained only a part of
the cohort differences. These findings suggest that continued surveillance
of each generation is necessary to document the impact that unique social
and economic variables have on cognitive function. Here, the authors
provide updated normative data.

Aging is a continuous process involving well-documented changes in
cognitive functioning. In addition to age, factors shown to influence
cognitive performance include education and gender (Wiederholt et al.,
1993; Farmer, Kittner, Rae, Bartko, & Regier, 1995; Manly et al.,
1999; Cagney & Lauderdale, 2002). Elias, Elias, D’Agostino, Silbershatz,
and Wolf (1997) published norms for commonly used neuropsychological
tests stratified by age, gender, and education for the population-
based Framingham Original cohort. These data came from assessments
done between 1974 and 1976 and the normative tables remain useful
for evaluating subjects from this generation. However, their utility for
a more contemporary sample involving persons with higher education
is limited.

Higher education has been shown repeatedly to be positively corre-
lated with cognitive test performance (Birren & Morrison, 1961;
Cagney & Lauderdale, 2002; Christensen et al., 1997; Reitan and Wolf-
son, 1995.) Today far greater percentages of the population possess a
high school diploma, and many more go on to complete college than in
previous generations. Hence, norms derived from older subjects, who
have had less formal education (e.g., Elias et al., 1997), may underesti-
mate normal ranges of performance for those who are younger and more
educated.
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The need for new normative data is further underscored by current
research on early detection of Alzheimer’s disease. These studies deal
with the challenge of distinguishing cognitive decline associated with
normal aging from deficit performance indicative of prodromal
dementia. Motivating these studies is the premise that treatment options
for attenuating the rate of progression are seen to be most promising in
the initial states of the disease (Doraiswamy, Steffens, Pitchumoni, &
Tabrizi, 1999; Gauthier, 1999.) Most recent efforts to define mild cogni-
tive impairment (MCI), presumed to be the earliest stages of Alzheimer’s
disease rely, in part, on cognitive measures that fall 1.5 standard devia-
tions below age and education adjusted means on one or more tests
(Petersen et al., 1999; 2001) Thus, identification of early-onset dementia
is dependent on normative data that reflects contemporary levels of
education, lifestyles, recent personal habits, and health education and
utilization trends.

The Framingham Study is unique for its extensive surveillance of
two community-based cohorts. The Framingham Offspring population
is comprised of the progeny of the Original cohort and their spouses.
The educational level of this progeny group differs significantly from
that of their parents, portending distinctive patterns of cognitive
performance.

In addition to the primary goal of providing normative data for a
current generation of individuals, the purpose of this study was to test
the hypothesis that increased levels of educational attainment in the
Offspring Cohort would be related to better performance on neuropsy-
chological tests as compared to the Original Cohort. Expected results
motivate the need for updated descriptive-normative data on tests of
cognition for a new generation of normal aging individuals who more
accurately reflect the impact of secular changes in education on
cognition. The potential value of these data will be to facilitate investiga-
tions of normal aging and disease populations that rely on subjects also
drawn from this era. Further, these data will provide normative
information that is necessary to the definition of various indices of
cognitive deficits, including MCI.

METHODS
Subjects

The Offspring Cohort, recruited in 1971, has undergone seven periodic
physical and medical examinations over a 30-year period to identify risk
factors for cardiovascular and cerebrovascular diseases (Garrison,
Kannel, Stokes, & Castelli, 1987). The key criterion for enrollment in
the Offspring Study was that at least one of their biological parents or
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their spouse’s parents was a member of the Original Cohort. The initial
Offspring Cohort consisted of 5124 men and women; 88% of survivors
(3539 of 4031) participated in Examination 7, the current examination
cycle.

As part of a large ancillary study on brain magnetic resonance imaging
(MRI) and cognitive functioning, Offspring were recruited to take a
neuropsychological test (NP) battery. From March 1999 through Decem-
ber 2000, 2187 subjects agreed to undergo neuropsychological testing, of
which 1889 also had an MRI. We limited our sample to these 1889 subjects
because MR imaging provided data necessary to identify subjects with
preexisting neurological disorders. We eliminated 47 subjects who had a
clinical stroke (n = 28), diagnoses of probable dementia (n = 2), multiple
sclerosis (n = 6), or other neurological illnesses (7 = 11). We determined
if a clinical stroke or probable dementia was present through a consensus
review process described in detail in Sacco, Wolf, Kannel, and McNamara
(1982) and Bachman et al., (1992), respectively. We excluded one subject
who lacked educational attainment information. After all exclusions, our
total study size was 1841; 853 men and 988 women.

Comparison of the study sample (MRI + NP) to subjects who took the
neuropsychological examination and did not have an MRI (NP-only)
found that the NP-only group was older (62.1 years versus 60.6 years
for MRI+ NP, p < .002.), had higher prevalence of disease (% with
hypertension, p < .01; % myocardial infaraction, p < .02; % cardio-
vascular disease [CVD], p = .0001; % coronary heart disease [CHD],
p = .02), and were heavier (body mass index [BMI], p = .002) There were
no differences in educational attainment (p = .33) or gender distribution

(p=.75)

Test Battery

The neuropsychological test battery consists of most of the tests given
to the Original Cohort in 1976 to 1978. Although newer versions of these
tests exist today, we continued to use the original versions because this
strategy would allow parent/offspring comparisons in the future. Five
tests were appended to the Original Cohort battery. They provide a more
comprehensive neuropsychological profile and are known to be sensitive
to subtle changes in cognitive status. The original and additional tests
include the following.

Neuropsychological Protocol: Tests from the Original Cohort

Logical memory—Immediate and delayed recall. The Logical
Memory subtest from the Wechsler Memory Scale (WMS) is one of the
most widely used measures of verbal memory, The administration of
the delayed recall test provides a savings measure for long-term memory.
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Visual reproduction—Immediate recall. Memory for visual infor-
mation relies on different processing/storage mechanisms than for verbal
materials. Gfeller, Meldru, and Jacobi (1995) reported subjects with
constructive impairment performed poorly on the Wechsler Memory
Scale—Revised (WMS-R) Visual Reproduction test compared to
controls, but showed no difference in performance on Logical Memory.
In the Framingham test battery, visual test items come from the WMS
visual reproduction subtest; the test protocol used is the same as the
WMS-R.

Paired associate learning. Inability to learn new information is a
hallmark sign of Alzheimer’s disease (AD) and is particularly effective
in detecting early symptoms of disease in those of higher education and
intelligence. Changes in ability to acquire new information also occur
with normal aging. The Paired Associate Learning subtest from the
WMS is a well-recognized measure of new learning.

Digit span—Forward and backward. Widely used tests for
attention, the difference score between forward and backward spans
allow differentiation between impairment in simple attention versus
working memory. Caffarra et al., (1991) found that the Wechsler Adult
Intelligence Scale (WAIS) score for digit span, the version used in the
Framingham Study, was one of only three subtests that significantly
differentiated AD from other types of dementia.

Similarities. Taken from the WAIS, the Similarities test is one of the
most frequently used measures of abstract reasoning skills. It also repre-
sented one of the other three subtests that Caffara et al., (1991) found to
be significantly effective for differential diagnosis of dementias.

Neuropsychological Protocol: Tests in Addition to Original
Cohort Battery

Visual reproductions—Delayed recall. Given that there are
modality specific findings for immediate and delayed memory recall, it
is important to include the delayed version for visual memory, which
we measure for verbal memory. Frank, Wiederholt, Kritz-Silverstein,
Salmon, and Barrett-Connor (1996) found that the savings score of the
Visual Reproduction test was a sensitive indicator of dementia, and
specifically AD.

Verbal memory and visual reproduction—Recognition. Residual
memory may exist and a variety of cognitive or motor-related factors
may inhibit subjects’ ability to verbalize information. Again, modality-
specific recognition skills necessitate measurement of both verbal and
visual domains. Stroke-related changes in cognitive functioning may
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often result in deficits in one modality while preserving function
in another.

Boston naming test—30 item version. Naming decline associated
with normal aging, dementia and stroke are well-documented. The
Boston Naming Test (BNT) is the primary measure used to assess naming
ability in both normal aging and neurologic populations. Shortened
versions of the original 60-item versions have been tested for equivalency
to the 60-item score. Mack, Freed, Williams, and Henderson (1992)
found that four different 30-item versions were comparable to the 60-item
test. The Consortium to Establish a Registry for AD (CERAD) uses a
15-item version that Mack et al.,, did not find as accurate as the
30- and 60-item tests.

Trail making tests A and B. Commonly used as a test of visual-
motor and attention, Trails A measures simple attention, whereas Trails
B tests cognitive flexibility and a more complex level of attention. The
contribution of each subtest as a valid measure of visuomotor and atten-
tion skills has been most recently supported by Gaudino, Geisler, and
Squires (1995) and Giovagnoli et al., (1996).

Finger tapping test. Frequently used as a measure of motor speed,
the Finger Tapping Test allows assessment of laterality effects in motor
function. Shimoyama, Ninchoji, and Uemura (1990) found finger tapping
in the dominant and nondominant fingers to be sensitive to normal aging
effects. Ruff and Parker (1993) report gender effects as well. In the
neurologic population, the Finger Tapping Test is an effective measure
for detecting motor dysfunction (Arceneaux, Kirkendall, Hill, Dean, &
Anderson, 1997.)

Hooper visual organization test. As a measure of visuoperceptual
skills, the Hooper Visual Organization Test (VOT) is the standard
neuropsychological test, validated by numerous studies (Boyd, 1981;
Gerson, 1974). Lezak (1983) noted that this test is a good tool for detect-
ing right frontal lesions that often result in perceptual fragmentation.

Wide range achievement test—3, reading. The slope of the decline in
cognitive performance is one factor that differentiates normal aging from
the early and middle stages of dementia. Determining the degree and rate
of decline depends on accurate estimates of premorbid intelligence. Read-
ing words accurately is one validated measure of premorbid intelligence
(Filley and Cullum, 1997; Schmand, et al. 1998). It is one of the most widely
used methods because reading words is also one of the few skills preserved
at the moderate-to-severe stages of AD (Bushell and Martin, 1997,
Fleishman et al., 1997; Monti et al., 1997). The Wide Range Achievement
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Test—3 (WRAT-3) reading subtest is often used as an appropriate “hold”
test (Johnstone & Wilhelm, 1996).

Procedure

Subjects were administered a neuropsychological test battery as part of
a larger study establishing baseline measures of brain structure and
cognition in the Offspring Cohort. Standard test administration proto-
cols were used for each test and given by trained examiners. Table 1
provides a list of the ranges of scores for each test. In general, increased
scores reflect higher performance. The exception is the timed measures of
Trails A and B, where lower scores indicate better performance.

TABLE 1 Range of Scores on Neuropsychological Test Battery

Cognitive domain Test measure Range
Verbal memory Logical Memory—Immediate 0-24
Recall (LM-IR)
Logical Memory—Delayed 0-24
Recall (LM-DR)
Logical Memory—% Retained 0—-100
Information (LM-%)
Visual memory Visual Reproductions—Immediate 0-14
Recall (VR-IR)
Visual Reproductions—Delayed 0-14
Recall (VR-DR)
Visual Reproductions—% Retained 0—-100
Information (VR-%)
Learning Paired Associates—Total 0-21
Score (PA-TS)
Attention and Trails A—Time 0-300
concentration
Trails B—Time 0-300
Abstract reasoning Similarities—Total Raw 0-26
Score (Sim)
Language Boston Naming Test—Total Correct 0-36
ithout Cues (BNT)
Visuoperceptual Hooper—Total Score 0-30
organization
Psychomotor speed Finger Tapping—Dominant Hand Mean (FT-D) 0-70+
Premorbid WRAT—Raw Score 0-57

intelligence
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Statistical Analysis

In the first phase of our analysis, we compared the Offspring Cohort
to the Original Cohort with respect to age, gender, and education. Of
primary interest was the difference in educational levels between groups
because of the well-documented impact of education on neuropsycholo-
gical test performance. Organizing the Offspring Cohort into the same
educational groups the Elias et al., study (1997) used in the analysis of
the Original Cohort, we conducted a chi-square test to evaluate cohort
difference in educational attainment.

In the next phase of the analysis, we replicated the analyses done by
Elias et al., (1997), examining the effects of age, educational level, and
gender on the battery of cognitive function tests considered in the
Offspring Study. We assessed the proportion of variance (e.g, R?)
explained by age, educational level, and gender using multiple regression
analysis.

Finally, normative tables follow that describe the distributional
properties of each measure for specific age and educational groups in
men and women; we present the mean, standard deviation, the first
(25%) and third (75%) quartile scores, and the 5th percentiles scores.
The quartile scores reflect performance scores at the 25th and 75th per-
centiles, respectively, within an age, education, and gender group. Simi-
larly, the 5th percentile scores represent performance for the lowest 5%
for specific age, education, and gender categories.

RESULTS
Descriptive Comparison of Original Versus Offspring Cohorts

Age, gender, and education distributions were different in the
Offspring Cohort as compared the Original Cohort. At the time of their
neuropsychological evaluations, the Offspring were younger than their
parents (60.6 years [SD 9.4] versus 67.4 years [SD 7.5], respectively,
p =.0001.) The gender distribution in the Original Cohort was skewed
toward women (58.6%) as compared to men (41.4%). Within the
Offspring Cohort, although women still outnumbered men, the difference
was smaller (i.e., 53.2% versus 46.8%, respectively, p = .0007.)

As seen in Table 2, there has been an upward shift in education
attained among Offspring as compared to the Original Cohort. In fact,
of the 64.1% of Offspring who went beyond high school, 38.4% had a
college degree or higher. The educational levels of the Offspring were
significantly different from those of the Original Cohort (p < .0001). In
the Original Cohort, 21.7% of subjects reported education of less than
9 years and 16.8% had 9 to 11 years of education. In the Offspring,
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TABLE 2 Distribution of Subjects by Education: Original and Offspring Cohorts

Education (grade level)

Cohort Some College

group <9 9-11 12 college graduate >College Total

Original 436 338 593 391 148 100 2006
21.7% 16.8% 29.6% 19.5% 7.4% 5.0%

Offspring 12 56 592 472 356 351 1839

0.6% 3.0%  32.3% 25.7% 19.4% 19.0%

few subjects fell into these low-education categories. Table 3 depicts the
age and education distributions by gender for the Offspring Cohort.

Multiple Regression Analysis of Offspring Data

Unlike findings reported in Elias et al., (1997), we found no significant
interactions between age, gender, and education on cognitive function.
When we examined the proportion of variance accounted for by age
and education, we found similar patterns for all test measures that were

TABLE 3 Age and Education Distributions by Gender: Offspring Cohort

Age at testing

Education 30—54 55—64 65—74 75+
Men
High School graduate or less 47 85 110 35
(21.0%) 27.7%) (42.8%) 47.9%)
Some or college graduate 100 121 80 24
(44.6%) (39.4%) (31.1%) (32.9%)
Postgraduate or more 77 101 67 14
(34.4%) (32.9%) (26.1%) (19.2%)
Women
High School graduate or less 74 129 135 45
(26.7%) (38.9%) 47.7%) (52.3%)
Some or college graduate 108 100 69 20
(39.0%) (30.1%) (24.4%) (23.3%)
Postgraduate or more 95 103 79 21
(34.3%) (31.0%) (27.9%) (24.4%)
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administered to both the Offspring and Original Cohorts (see Table 4).
The one exception was for Logical Memory—Retained Information. In
analysis of the Original Cohort, education was significant, whereas in this
analysis of the Offspring Cohort, we found that education did not explain
a statistically significant amount of variance (R* = .003, p = .0671).

Table 5 shows the proportion of variance accounted for by age,
education, and gender for each test measured in the Offspring Cohort.
With the exception of the Logical Memory—Retained Information and
Visual Reproduction measures, age and education each had a small but
significant impact on test performance. Only age was significant for
Logical Memories—Retained Information. Age and education did
account for a significant amount of variance for Visual Reproductions,
but gender did not.

Comparison of Original and Offspring Test Performance

Using multiple regression analysis, we compared performance on the
subset of neuropsychological tests that were given to both cohorts. Our
initial model included cohort (i.e., Original and Offspring), age, gender,
and education. As shown in Table 6a, the initial model and its compo-
nents were significant for all tests (p < .0001.) Offspring test performance
was significantly better than the Original Cohort for all measures after
adjustment for age, gender, and educational level. Education was the
most significant covariate and the model explained >40% of the differ-
ence in test performance between the Offspring and Original Cohorts.

TABLE 4 Offspring and Original Cohort Comparisons of Zero-Order
Associations for Test Measures

R*—age R>—education

Test measure Offspring Original Offspring Original

Logical Memory— 04+ .06+ .08+ .09+
Immediate Recall

Logical Memory— 05 L08*** 07%** 07
Delayed Recall

Logical Memory— .02+ .04+ .003 .01%*
Retained Information

Visual Reproductions— A3 02%** .08*** Q5%+
Immediate Recall

Paired Associates 07 .06+ .04+ 02+

Similarities .09 07 16+ 18

*p < .01; **p <.001; ***p < .0001.



Downloaded By: [EBSCOHost EJS Content Distribution] At: 21:44 21 February 2008

Framingham Cognitive Norms

343

TABLE 5 Summary of Zero-Order Associations (R?) Between Test Measure
and Age, Education, and Gender

Test measure

R’>—age R>—education R>—gender

Logical Memory—Immediate Recall
Logical Memory—Delayed Recall

Logical Memory—Retained Information
Visual Reproductions—Immediate Recall
Visual Reproductions—Delayed Recall

Visual Reproductions—Retained

Information
Paired Associate
Similarities
Boston Naming
Trails A
Trails B
Hooper

S

Finger Tapping—Dominant Hand

WRAT-Reading

.04+
.02***
13
145
.02***

07+
09***
'12***
.17***
145
A1
.03***

.08***
07
.003
.08***
.08+
.003

.04***
.16***
'06***
027+
.06%**
02+
027+
24

.01***
‘01***
.000
.002
.001
.0004

‘06***
.0003
.005*
.005*
.001
.006*

. 12***
.006**

p < .01; **p < .001; ***p < .0001.

Although these statistical adjustments affected mean performance,
comparison with unadjusted means indicates these variables do not fully

explain the differences between the two cohorts (see Table 6b).

To address residual error we added to this model (1) occupation, (2)
two-way interactions of gender and education and gender and occu-
pation, and (3) the three-way interaction of gender, education, and occu-
pation. Neither occupation nor the interactions significantly increased
the R* (Table 6¢).

TABLE 6a Multivariable Analyses: Initial Model

Neuropsychological tests

LM-IR LM-DR VR-IR PA-TS Sim
Model <.0001 <.0001 <.0001 <.0001 <.0001
Cohort <.0001 <.0001 <.0001 .0307 <.0001
Age <.0001 <.0001 <.0001 < .0001 <.0001
Gender .0003 .0286 2862 < .0001 7641
Education <.0001 <.0001 <.0001 < .0001 <.0001
R? 409 447 352 197 480




Downloaded By: [EBSCOHost EJS Content Distribution] At: 21:44 21 February 2008

344 R. Au et al.

TABLE 6b Multivariable Analyses

Neuropsychological tests

LM-IR LM-DR VR-IR PA-TS Sim

Unadjusted means (SD)

Original 6.98 5.68 5.98 1229 11.72
(3.44) (3.51) (G.14)  (346) (572
Offspring 11.36 9.51 9.02 1382 16.75

(3.43) (1.22) (3.20) (3.34) (3.60)
Adjusted means (SE)

Original 7.68 6.10 6.75 1275 12.99
(0.08) (0.06) 0.07)  (0.08)  (0.10)
Offspring 10.40 8.70 8.12 13.01 1475

(0.08) (0.07) 0.08)  (0.08)  (0.11)

TABLE 6¢ Multivariable Analyses: R> for Occupation and Interactions

Neuropsychological tests

LM-IR LM-DR VR-IR PA-TS Sim

Occupation 416 450 .359 201 488
Gender x Education 419 453 364 203 492
Gender x Education x Occupation 431 460 375 212 .502

Age, Education, and Gender Norms

We report below new performance data based on our Offspring
Cohort. The tables include measures that were reported in our earlier
study and additional newer measures. Table 7 contains the number of
subjects, means, standard deviations, upper and lower quartiles, and
5th percentile scores for each measure stratified by specific age group,
educational level, and gender.

DISCUSSION

The demographics profile for the Framingham Offspring Cohort was
different from that of the Original Cohort. In the Offspring, the age range
included a younger age cohort. The Offspring population were more
evenly distributed by gender, and were better educated.
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TABLE 7 Means and S.D. by Education x Gender by Age Group
High school College > College
All Men Women All Men Women All Men Women
30- to 54-year-old age group
LM-IR
N 116 44 72 201 96 105 166 73 93
Mean 10.74 993 11.24 1235 1195 1271 1322 1286 13.49
SD 3.10  3.08 3.04 291 2.80 2.98 318 3.19 3.17
Upper Q 13 12 13 14 14 15 16 15 16
Lower Q 9 8 9 10 10 11 11 11 11
5% 5 5 6 8 8 7 8 7 8
LM-DR
N 115 44 71 201 96 105 166 73 93
Mean 9.74 9.16 10.10 11.61 11.13 12.06 12.51 11.86 13.01
SD 339 355 3.26 320 341 2.95 338 317 3.46
Upper Q 12 11 12 14 14 14 15 14 15
Lower Q 8 7 8 9 9 10 10 10 11
5% 3 3 5 7 6 8 7 6 7
LM-%
N 115 44 71 201 96 105 166 73 93
Mean 91.21 91.85 90.82 9427 9245 9595 9505 92.69 96.91
SD 23.61 23.76  23.68 17.44 18.49 16.33 15.79 13.11 17.45
Upper Q 100 100 100 100 107.42 100 11 100 107.14
Lower Q 81.82 8333 80 83.33 80.63 86.67 84.62 8333 85.71
5% 50 4444 5833  66.67 60 76.92 7143 7143 70
VR-IR
N 116 44 72 201 96 105 166 73 93
Mean 9.46 10.16 9.03 10.71  10.69 10.72 1091 11.19 10.69
SD 279 295 2.61 253 282 2.23 2.51 2.46 2.55
Upper Q 11 13 11 13 13 13 13 13 13
Lower Q 8 8 8 9 9 9 9 9 9
5% 4 5 4 6 6 7 6 7 6
VR-DR
N 115 44 71 201 96 105 166 73 93
Mean 8.74  9.34 8.37 987  9.74 999 1029 10.23  10.33
SD 291 291 2.86 3.06  3.47 2.64 273 296 2.56
Upper Q 11 12 10 13 13 12 12 13 12
Lower Q 6 7 6 8 7 9 8 7 9
5% 4 5 4 5 4 5 5 5 6
VR-%
N 115 44 71 201 96 105 166 73 93
Mean 93.16 93.17 93.15 91.58 90.11 9292 9436 90.49 97.39
SD 17.87 1796 1794 1744 1894 1519 1433 1341 14.36
Upper Q 100 100 100 100 100 100 100 100 100
Lower Q 81.82 81.82 81.82 8333 79.29 84.62 87.5 8571 9091
5% 60 60 62.5 60 50 60 69.23  62.5 72.73

(Continued)
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High school College > College
All Men Women All Men Women All Men Women
PA-TS
N 115 44 71 201 96 105 166 73 93
Mean 1391 1341 1423 15.12 14.71 1550 15.61 15.11 16
SD 3.36 3.16 3.46 3.12 3.22 2.98 2.63 2.62 2.58
Upper Q 16 16 17 18 17 18 18 17 18
Lower Q 12 11.5 12 13 12 14 14 14 14
5% 8 9 8 9 9 10 11 10 11
Trails A
N 115 44 71 201 96 105 166 73 93
Mean 28.43 3043 2720 27.62 27.65 27.59 2620 26.55 2594
SD 8.56 10.13 7.22 8.46 8.53 8.44 6.98 6.97 7.02
Upper Q 32 34 31 32 32 32 30 30 29
Lower Q 23 23.5 22 21 21 22 21 22 21
5% 18 20 18 18 18 17 17 17 17
Trails B
N 115 44 71 200 95 105 165 73 92
Mean 70.31 76.11 66.72 62.61 64.01 61.33 56.37 5567 5692
SD 2537 2594 245 2540 2457 26.18 16.03 1536 16.61
Upper Q 82 91.5 74 72 72 72 66 67 66
Lower Q 53 59 51 48 49 48 44 43 45.5
5% 41 44 37 35 35 35 35 35 33
Sim
N 115 44 71 201 96 105 166 73 93
Mean 16.28 16.39  16.21 18.30 18.44 18.14 1895 19.19 18.75
SD 2.86 3.13 2.69 2.68 2.82 2.55 2.64 2.37 2.83
Upper Q 18 19 18 20 20 20 21 21 21
Lower Q 15 15 15 16 16 17 17 18 17
5% 11 12 11 14 14 14 15 15 13
BNT
N 123 47 76 209 100 109 173 78 95
Mean 27.16 27.87 26.72 2829 28.44 28.15 28.58 28.69 28.48
SD 2.64 1.80 2.97 2.41 1.90 2.80 1.66 1.72 1.62
Upper Q 29.0 29.0 28.0 30.0 30.0 30.0 30.0 30.0 30.0
Lower Q 26.0 27.0 26.0 28.0 27.0 28.0 28.0 28.0 27.0
5% 24.0 26.0 23.0 25.0 24.5 25.0 25.0 25.0 25.0
Hooper
N 116 44 72 200 96 104 166 73 93
Mean 26.02 2649 2573 2642 26.19 26.63 2628 26.33 26.24
SD 2.23 2.14 2.24 1.97 2.22 1.70 2.17 2.46 1.93
Upper Q 27.5 28 27.5 28 28 28 28 28 28
Lower Q 24.5 25 24.5 25.5 24.5 25.5 25 25 25
5% 22 22 21 23 22 23 22.5 21 23

(Continued)
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High school College > College
All Men Women All Men Women All Men Women
FT-D
N 107 38 69 190 89 101 150 65 85
Mean 4797 5205 4572 49 52.81  45.64 49.8 52.14  48.01
SD 7.60  8.03 6.37 739 6.36 6.58 8.13 8.15 7.69
Upper Q 53 56 50 49 58 50 56 58 54
Lower Q 43 50 41 44 49 42 46 48 45
5% 36 35 36 36 42 34 38 38 38
WRAT
N 115 44 71 201 96 105 166 73 93
Mean 46.00 4520 46.48 50.31 49.77 50.81 51.70 52.10 51.40
SD 445 5.38 3.72 4.11 4.38 3.80 4.57 3.56 5.23
Upper Q 49 49 49 53 53 54 55 55 55
Lower Q 43 41 44 48 47 49 50 50 50
5% 37 36 41 42 41 43 45 45 45
55- to 64-year-old age group
LM-IR
N 208 81 127 214 119 95 199 100 99
Mean 10.21 935 1076  11.62 11.37 1194 1257 1196 13.19
SD 3.21 3.26 3.07 3.14  3.10 3.17 312 3.18 2.95
Upper Q 13 12 13 13 13 14 15 14 15
Lower Q 8 7 9 10 9 10 10 10 11
5% 4 4 6 6 6 6 7 7 8
LM-DR
N 208 81 127 214 119 95 199 100 99
Mean 9.45 8.47 10.07 10.63 1037 1096 11.57 11.07 12.07
SD 334 311 3.34 3.17 3.08 3.27 326 321 3.25
Upper Q 12 11 12 13 12 13 14 13.5 15
Lower Q 7 6 8 9 8 9 9 8.5 10
5% 4 3 5 5 5 5 6 6.5 6
LM-%
N 208 81 127 214 119 95 199 100 99
Mean 93.11 9252 9348 9233 9196 9279 92.14 9242 91.87
SD 20.82 2637 1645 18.66 17.68 19.9 17.13  17.54  16.79
Upper Q 100 100 100 100 100 100 100 100 100
Lower Q 81.82 80 8333 81.82 81.82 81.82 8333 84.62 81.82
5% 61.54 61.54 66.67 62.50 61.54 6364 6429 70.71 60
VR-IR
N 208 81 127 214 119 95 199 100 99
Mean 8.41 8.10 8.61 9.71 9.71 9.69 9.71 9.91 9.52
SD 3.18 3.43 3.00 276 273 2.81 3.21 3.33 3.10
Upper Q 11 11 11 12 12 12 12 13 12
Lower Q 6 6 7 8 8 8 8 8 8
5% 3 3 3 5 5 4 4 4.5 4
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High school College > College
All Men Women All Men Women All Men Women
VR-DR
N 208 81 127 214 119 95 199 100 99
Mean 7.39 7.16 7.54 8.82 8.67 9 9.17 9.37 8.97
SD 3.06 3.49 2.75 3.06 2.99 3.16 3.23 3.29 3.18
Upper Q 10 9 10 11 11 11 12 12 11
Lower Q 5 5 6 7 7 7 7 7 7
5% 2 1 3 4 4 3 3 3.5 3
VR-%
N 207 80 127 214 119 95 199 100 99
Mean 90.72 9120 90.42 90.97 89.47 9285 9538 9586 94.89
SD 31.96 36.35 29.00 1886 19.00 18.60 21.27 24.00 18.21
Upper Q 100 100 100 100 100 100 100 100 100
Lower Q 7692 7735 7692 81.82 80 84.62 8571 8571 815
5% 50 46.43 50 55.56 50 60 61.54 60.77 62.5
PA-TS
N 208 81 127 213 119 94 199 100 99
Mean 13.33  11.89 1424 1392 12.69 1548 14.48 13.55 1541
SD 3.31 3.12 3.11 3.37 3.09 3.06 3.25 3.21 3.03
Upper Q 16 14 17 16 15 18 17 16 18
Lower Q 11 9 12 11 10 14 12 11 13
5% 8 8 9 9 8 10 9 8 10
Trails A
N 208 81 127 215 120 95 199 100 99
Mean 32.83 3568 31.02 3093 31.64 30.04 30.75 3220 29.29
SD 15.04  20.70 9.53 10.05 10.88 887 1193 13.34 10.16
Upper Q 36 39 36 36 37.5 35 36 37 34
Lower Q 24.5 26 24 24 24 24 22 23.5 22
5% 20 20 20 19 19 17 18 17 18
Trails B
N 205 79 126 214 119 95 196 97 99
Mean 85.08 92.53 80.41 71.55 75.13 67.06 71.06 70.18 71.93
SD 3498 3696 3298 2551 2723 2252 2835 2932 2749
Upper Q 96 112 91 84 87 79 81.5 80 84
Lower Q 61 62 60 56 58 52 51.5 51 53
5% 46 49 46 37 40 36 39 38 42
Sim
N 208 81 127 215 120 95 199 100 99
Mean 1549 1520 1568 17.63 17.37 1797 18.44 18.48 18.39
SD 3.55 4.20 3.07 3.16 3.25 3.02 2.87 2.52 3.19
Upper Q 18 18 18 20 20 20 20 20 20
Lower Q 14 13 14 16 15 17 16 17 16
5% 9 8 10 12 12 13 13 13.5 13
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TABLE 7 Continued

High school College > College

All Men Women All Men Women All Men Women

BNT
N 216 81 127 215 120 95 199 100 99
Mean 3251 3225 32,69 3396 3383 3414 3429 346 33.97
SD 274 3.02 2.54 .99  2.19 1.70 1.93 1.96 1.86
Upper Q 34 34 34 35 36 35 36 36 35
Lower Q 31 31 32 33 33 33 34 34 33
5% 28 28 28 30 29 31 30 29.5 30
Hooper
N 208 81 127 215 120 95 199 100 99
Mean 25.16 2436  25.67 25.54 2527 2589 26.03 2593 26.13
SD 330 412 2.53 269 284 2.45 2.60 2.57 2.64
Upper Q 27 26.5 27 275 27 27.5 28 28 28
Lower Q 24 23.5 24.5 245 24 24.5 245 245 25
5% 18.5 17.5 20 20.5 19.5 21 21 21.25 21
FT-D
N 202 78 124 195 108 87 190 93 97
Mean 4498 4827 4291 4732 50.07 4390 47.17 5046 44.01
SD 7.71 8.46 6.41 797  6.56 8.26 845  7.88 7.79
Upper Q 50 53 46.5 53 54.5 50 53 56 49
Lower Q 40 44 39 42 46.5 37 42 46 39
5% 32 32 32 34 38 31 32 36 30
WRAT
N 207 80 127 214 119 95 199 100 99
Mean 4580 4388 47.01 49.60 49.13 50.18 51.28 5141 51.14
SD 512 554 4.45 458 484 4.18 376 3.5 3.78
Upper Q 49 47 50 54 54 54 55 54 55
Lower Q 43 41 44 47 46 48 49 49 49
5% 37 34 39 42 41 43 44 44.5 44
65- to 74-year-old age group
LM-IR
N 239 106 133 142 75 67 137 60 77
Mean 10.00 981 10.16 11.25 11.05 1146 1197 1193 12
SD 336 3.24 3.46 3.28 3.18 3.39 3.67 3.66 3.70
Upper Q 12 12 12 14 13 14 15 14.5 15
Lower Q 8 8 8 9 9 9 9 9 9
5% 4 4 4 6 6 4 6 5.5 6
LM-DR
N 239 106 133 142 75 67 137 60 77
Mean 8.77 8.62 889 1041 10.29 1054 10.81 10.52 11.04
SD 3.60  3.35 3.8 354 329 3.82 3.68 3.47 3.84
Upper Q 11 10 11 12 12 13 14 13 14
Lower Q 7 7 7 8 8 8 8 8 8
5% 2 2 2 5 5 1 5 5 4

(Continued)
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TABLE 7 Continued

High school College > College

All Men Women All Men Women All Men Women

LM-%
N 239 106 133 142 75 67 137 60 77
Mean 86.44 87.54 8557 9143 9349 89.11 9043 89.13 9145
SD 2421 23.64 2471 23.13 21.57 2472 15.69 1623 15.29
Upper Q 100 100 100 100 100 100 100 100 100
Lower Q 77.78 77.78 77.78 80 80 80 80 76.92  82.35
5% 50 50 50 66.67 69.23 25 62.5 61.25  66.67
VR-IR
N 240 107 133 142 75 67 137 60 77
Mean 7.11 7.55 6.75 9.01 8.56 9.52 8.44 8.5 8.39
SD 3.09 3.25 2.92 2.79 2.62 29 3.17 3.25 3.13
Upper Q 9 10 9 11 10 12 11 11 11
Lower Q 5 5 5 7 7 7 6 6 6
5% 2 2 2 4 4 5 3 3 3
VR-DR
N 240 107 133 142 75 67 137 60 77
Mean 6.11 6.40 5.87 7.81 7.41 8.25 7.52 7.88 7.23
SD 3.02 3.17 2.89 3.14 2.87 3.39 3.34 3.36 3.31
Upper Q 8 9 8 10 9 11 10 10.5 10
Lower Q 4 4 4 6 6 6 5 6 5
5% 1 1 1 2 2 2 3 2.5 3
VR-%
N 240 107 133 142 75 67 136 59 77
Mean 88.79 86.99 90.24 86.87 87.58 86.08 88.9 9249  86.16
SD 40.30 30.39 46.84 2594 2430 2483 2444 1946 2747
Upper Q 100 100 100 100 100 100 100 100 100
Lower Q 70 66.67 7143 75 75 75 75 75 66.67
5% 36.67 42.86 3333 38.46 40 28.57 50 62.5 40
PA-TS
N 238 106 132 141 75 66 134 59 75
Mean 12.82  12.08 13.42 13.21 1229 1424 1388 13.24 14.39
SD 2.96 2.81 2.96 3.32 3.01 3.38 3.34 3.45 3.19
Upper Q 15 14 16 16 15 17 16 15 17
Lower Q 10 10 11 11 10 12 11 11 12
5% 8 8 9 8 8 9 9 8 9
Trails A
N 240 107 133 142 75 67 137 60 77
Mean 38.24 38.14 38.32 3527 36.81 3354 37.85 39.05 3691
SD 1451 1349 1533 13.18 15.67 949 1543 18.17 1295
Upper Q 435 44 43 40 43 39 45 48 42
Lower Q 29 29 29 28 27 28 28 25.5 29
5% 22 21 22 20 21 19 20 21.5 20

(Continued)



Downloaded By: [EBSCOHost EJS Content Distribution] At: 21:44 21 February 2008

Framingham Cognitive Norms 351
TABLE 7 Continued
High school College > College
All Men Women All Men Women All Men Women
Trails B
N 229 102 127 142 75 67 136 59 77
Mean 102.52 102.12 102.84 90.89 8941 9254 86.46 838.15 85.17
SD 4942 48.00 50.71 4324 37.66 4898 3272 39.14 26.99
Upper Q 118 118 115 103 102 105 98.5 106 95
Lower Q 70 71 69 62 62 60 65 62 68
5% 52 52 52 48 49 48 49 45 54
Sim
N 239 107 132 142 75 67 137 60 77
Mean 1421 14.08 1430 1645 16.12 1682 1728 1795 16.77
SD 3.57 4.06 3.14 3.29 3.45 3.09 3.45 3.44 3.38
Upper Q 17 17 17 19 19 19 20 20.5 19
Lower Q 12 11 13 14 14 15 15 16 15
5% 8 8 9 11 9 12 11 12 11
BNT
N 240 107 133 142 75 67 137 60 77
Mean 31.65 3245 31.02 3342 3355 3328 3297 33.55 32.52
SD 2.99 2.50 3.21 242 221 2.64 272 259 2.76
Upper Q 34 34 33 35 35 35 35 35 35
Lower Q 30 31 29 32 32 32 31 33 31
5% 26 27 25 30 30 30 28 28 28
Hooper
N 238 106 132 142 75 67 137 60 77
Mean 2375 2352 2394 2551 2407 2501 2431 2343 2501
SD 3.34 3.5 3.21 2.76  2.58 2.89 3.71 4.38 2.94
Upper Q 26 26 26.5 26 26 27 27 26.5 27
Lower Q 22 22 22 23.5 23 24.5 23 21.75 24
5% 17.5 17 17.5 18.5 18 19.5 17.5 16.25 19
FT-D
N 224 97 127 132 69 63 126 54 72
Mean 42.17 46.02 3924 4448 47.09 41.62 43,10 48.15 393
SD 8.60 8.11 7.8 8.28 7.95 7.72 8.85 7.28 8.02
Upper Q 48 52 45 50 52 48 49 53 44
Lower Q 37 40 33 39 42 35 37 44 34
5% 28 33 28 29 30 29 29 35 26
WRAT
N 235 104 131 142 75 67 137 60 77
Mean 4472 4355 4566 49.61 48.55 50.81 50.35 5045 50.27
SD 4.65 471 4.41 3.85 3.85 3.52 450  4.67 4.39
Upper Q 48 47 48 53 51 53 54 54 54
Lower Q 42 40 43 47 46 48 47 47.5 47
5% 36 35 38 44 42 45 42 41.5 43
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High school

College

> College

All

Men

Women  All

Men

Women  All Men Women

75+-year-old age group

LM-IR

N

Mean

SD

Upper Q

Lower Q

5%
LM-DR

N

Mean

SD

Upper Q

Lower Q

5%
LM-%

N

Mean

SD

Upper Q

Lower Q

5%
VR-IR

N

Mean

SD

Upper Q

Lower Q

5%
VR-DR

N

Mean

SD

Upper Q

Lower Q

5%
VR-%

N

Mean

SD

Upper Q

Lower Q

5%

117
9.33
3.75

12
7
2

116
8.19
4.07

11
5.5
0

114
84.91
29.96

100
75

0

116
5.97
3.04

115
4.95
3.24
7
2
0

113
79.24
33.61

100
60

0

53
8.66
4.01

12
6
2

52
7.48
4.00

11
5
0

51
83.23
33.95
100
66.67
0

52
6.02
3.22

51
5.12
3.39
7
3
0

49
82.07
31.37
100
66.67
18.18

64 57
9.89  10.53
3.45 3.24

12 13
7.5 8
4 5

64 57
8.77 9.35
4.07 3.38

12 12
6.5 7
1 4

63 57

86.28  88.44

26.50  16.97

100 100

76.92 80

50 53.85

64 57
5.92 7.25
2.90 2.75
8 9
3 5
2 3

64 57
4.81 6.26
3.13 291
7 8
2 4
0 2

64 57

77.08  87.53

3531 29.02

100 100

50 70

0 33.33

27

245
10

27
8.11
2.62

10
6
4

27

89.97

17.23
100

80

62.5

27
7.93
2.92

10
5
4

27
7.22
2.85
9
5
3

27
93.10
24.01
112.5
75
53.85

30 43 17 26
11.9 10.05 9.65 10.31
3.28 3.81 4.43 3.41

14 13 13 13
10 7 5 8

5 4 2 6
30 43 17 26

10.47 8.67 8.00 9.12
3.63 434 457 4.22

13 12 12 13
8 5 4 6
4 1 0 3

30 43 17 26

87.06  82.11 77.72  84.98
16.9 29.74 3755 2371
100 100 100 100
76.92  66.67 66.67 66.67
50 3333 0 37.5

30 43 17 26
6.63 7.05 7.6 6.58
2.47 324 346 3.06

9 9 9 7
4 4 7 4
3 3 1 3

30 43 17 26

5.4 586  6.53 5.42
2.72 3.62  3.86 3.45

7 8 8 8
4 3 4 3
1 1 1 1
30 43 17 26

82.51  80.69 81.56  80.12
3248  30.65 25.63 34.01
100 100 100 100
66.67 57.14 57.14 60
3333 3333 4286 25
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TABLE 7 Continued

High school College > College

All Men Women All Men Women All Men Women

PA-TS
N 116 52 64 56 27 29 43 17 26
Mean 11.36 10.5 12.06 12.02 10.63 13.31 12.02 11.65 12.27
SD 3.24 3.12 3.18 3.04 2.27 3.13 3.09 3.04 3.16
Upper Q 14 13 14.5 14 12 16 14 14 13
Lower Q 9 8 10 10 9 11 10 10 10
5% 7 6 7 8 8 8 7 7 8
Trails A
N 112 49 63 56 27 29 43 17 26
Mean 48.03 53.71 436 3996 39.81 40.1 46.53 49.94 4431
SD 22.02 2552 17.84 1348 13.38 13.81 31.06 4528 172
Upper Q 54.5 63 51 48 48 48 54 47 57
Lower Q 34 34 33 29.5 30 29 31 30 33
5% 25 27 24 23 23 24 24 22 24
Trails B
N 106 48 58 54 27 27 41 17 24
Mean 139.66 161.90 121.26 112.07 107.6  116.56 110.27 108 111.88
SD 73.12 89.83 4935 53.08 4325 619 56.46 61.9 53.59
Upper Q 160.00 198 139 135 134 146 124 123 126
Lower Q 92 92 89 79 79 77 74 66 84.5
5% 64 68 57 46 59 43 57 54 67
Sim
N 116 52 64 57 27 30 43 17 26
Mean 13.30 12.87 13.66 1633 16.30 1637 1621 17.29 15.50
SD 3.76 3.78 3.73 3.19 3.53 2.92 3.71 3.80 3.54
Upper Q 16 16 16 18 20 18 20 20 18
Lower Q 11 10.5 11.5 15 14 15 13 15 13
5% 6 6 7 9 11 9 11 8 11
BNT
N 115 51 64 57 27 30 42 17 25
Mean 30.59 3090 30.34 32.14 32,15 32,13 315 3282  30.6
SD 4.11 4.57 3.71 3.08 2.88 3.31 3.72 3.26 3.80
Upper Q 34 34 33 34 34 35 35 35 33
Lower Q 28 29 28 31 31 31 29 31 28
5% 23 25 23 25 25 25 25 26 24
Hooper
N 112 50 62 57 27 30 42 17 25
Mean 21.02 20.25 21.64 2239 2243 2237 2271 2332 223
SD 4.35 4.85 3.84 3.40 3.69 3.17 3.31 3.15 3.41
Upper Q 24.5 24.5 25 25 25.5 25 25 25 25
Lower Q 1825 18 19 20 20. 20 20.5 22 20
5% 13.5 11 15 17.5 18.5 17.5 15.5 15 15.5
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TABLE 7 Continued

High school College > College

All Men Women All Men Women All Men Women

FT-D
N 105 47 58 49 25 24 36 15 21
Mean 3827 404 3653 4127 434 39.04 4053 438  38.19
SD 978 995 936 852 908 743 695 5.1 7.26
Upper Q 45 47 44 47 50 45 46 47 43
Lower Q 32 34 29 34 39 33 365 40 33
5% 2 24 18 26 25 26 26 36 26

WRAT
N 112 51 61 57 27 30 42 16 26
Mean 4557 4478 4623  49.65 48.04 5110 48.69 50.19 47.77
SD 478 458 487 429 452 357 472 564  3.89
Upper Q 49 48 50 53 51 54 53 55 50
Lower Q 42 42 43 47 46 49 45 45 45
5% 38 37 39 39 39 43 2 @ 41

The association between cognitive performance in the Offspring, with
respect to age, education, and gender appeared remarkably similar to
that reported in the Original Cohort by Elias et al., (1997). Increased
age was associated with lower performance; higher education with better
performance.

The Elias et al., (1997) study of the Original Cohort reported one
significant three-way interaction; that is, the oldest men in the lowest
education group scored significantly lower compared to all other groups.
We did not find any significant three-way interaction effects in the
Offspring. Our inability to replicate this finding, however, does not neces-
sarily reflect a conflict in findings with our earlier study. Rather, we were
unable to conduct a comparable analysis in this age/education group
with the Offspring Cohort because we only had two subjects who fit
the lowest educational category used in our Original Cohort study. The
uniqueness of the Framingham Study is its use of a community-based
sample, and in this case, our Offspring Cohort, when compared to our
Original Cohort, represents the secular changes in educational attain-
ment. Level of educational attainment is known to be positively corre-
lated with performance on cognitive tests, and our results on the
amount of variance explained by education provide additional confir-
mation of this phenomenon (see Table 5). Thus it follows that as the
education level of a population rises, average scores on cognitive
measures also increase.

Increased years of educational attainment, however, does not
fully account for higher test performance. Our multivariable analysis
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comparing the Offspring and Original Cohorts revealed that Offspring
test performance was consistently higher than that of the Original Co-
hort. Although as expected, age and education were statistically signifi-
cant, they did not fully explain the difference in performance between
cohorts. One possible explanation is that the education obtained by the
Offspring is qualitatively different from that of their parents. It may be
that qualitative changes in academic instruction as well as enhanced edu-
cational opportunities provided by television, radio, the internet, and
other sources are not captured by years of education.

Higher economic status in the Offspring Cohort coupled with signifi-
cant advances in public health and medical care may be two of a num-
ber of factors that are altering the impact of the aging process on
cognitive functioning. Both of these societal developments lead to bet-
ter nutrition, healthier lifestyles, use of preventive medical services, and
advanced treatments for illnesses, which, in turn, attenuate the aging
process depicted by the Original Cohort’s generation. Although we
have no direct evidence that this was the case in the present study, it
is reasonable to speculate that these factors, in addition to education,
influenced our findings. Although the Framingham Original Cohort
and the Offspring Cohort studies provide a rich source of information
on cardiovascular risk factors, it is difficult to compare the cohorts
with respect to health status because a higher proportion of individuals
displaying cardiovascular risk may well represent better detection
methods rather than an increase in disease prevalence. Thus, we
considered an evaluation of the role of health factors in the differences
between the Original and the Offspring Cohorts beyond the scope of
this study.

Although a fully definitive explanation is not possible, our finding that
the Offspring Cohort performed significantly better on cognitive tests
than their parents supports our contention that new norms are needed
based on data from contemporary samples. The inability to control for
factors associated with generational changes is further highlighted by
the limitations associated with cross-sectional methodology. It is well-ac-
cepted that differences in age cohorts may be exaggerated or an incidental
finding linked to factors unique to each age group.

Although this Offspring Study updates results from the Original
Cohort, it too must be considered in light of its own limitations.
Education continues to be a significant factor associated with cognitive
performance, and we recognize that the lower education range is under-
represented in our population. Also, our subjects may be somewhat more
health conscious than average because of their family’s long-term
involvement with the Framingham Study. Finally, we do not provide
data that reflects the multiethnicity of the general population.

Despite these limitations, our study provides important insight into
age-cohort differences in neuropsychological test performance. The
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immediate impact of our Offspring Study is to provide new information
suggesting that normative data obtained from previous generations may
not be representative of the postdepression generation. The long-term
implication of our research is that if these trends continue, data reported
in this study may be less applicable to generations subsequent to our
Offspring Cohort. It is clear that we must continue surveillance of each
generation, documenting the impact that unique educational, social,
and economic variables have on their cognitive function. It is our hope
that our normative data, based on a large community-based sample, will
encourage other investigators to publish contemporary normative data
that will be useful in constructing indices of cognitive deficit, including
the various definitions of MCI now reported in the literature.
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