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A higher prevalence of Alzheimer’s disease (AD) and 
dementia among elders with low levels of education has 
been found in several countries.1-3 Higher incidence of 
dementia among those with low levels of education has 
been demonstrated in several studies.4-7 Cognitive decline 
appears to be faster8-10 and associated with increased risk 
of mortality11 among highly educated minorities with AD, 
which suggests that the level of brain abnormality is 
greater by the time well-educated persons show the signs 
of dementia. There is also evidence for a role of education 
in age-related cognitive decline. Several studies of normal 
aging have reported more rapid cognitive and functional 
decline among persons with lower educational attain-
ment.12-18 These studies suggest that the same education-
related factors that delay the onset of dementia also allow 
individuals to cope more effectively with changes encoun-
tered in normal aging.

In a prior study,19 we wanted to determine whether 
reading level was a stronger predictor of memory decline 
(and thus a more sensitive indicator of reserve) than years 
of education or racial/ethnic classification, although each 
of these variables were expected to influence baseline 
scores. Reading level was used (as opposed to other mea-
sures used to estimate premorbid functioning) because of 
its stability in early dementia, its ease of measurement, 
and the suggestion in prior studies that it would be an 
accurate indicator of quality of education among ethnic 
minorities.20 We focused our analyses on immediate and 
delayed recall measures from a verbal word list learning 
task, because these measures are sensitive to age-related 
memory decline and the earliest signs of AD. Among 136 
participants, we found that elders with both high and low 
reading levels declined in immediate and delayed memory 
over time; however, the decline was more rapid among 
elders with a low reading level. There were no interactions 
between time and either years of education or ethnicity, 
suggesting that in this diverse population of normal elders, 
reading level was the most sensitive predictor of memory 
decline. Unlike many prior studies that examined the 
relationship of education to dementia or normal aging, we 
did not find that low education (less than 12 years) was a 
risk factor for cognitive decline. This finding may be 
related to the fact that because of our interest in normal 
aging, we required that participants maintain normal 
everyday functioning at each visit. The current study was 
conducted to address this issue and to determine whether 
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reading level was a significant predictor of cognitive 
decline among an ethnically diverse cohort of elders who 
were normal at baseline but were not selected to remain 
normal over time. In addition, we sought to determine 
whether decline occurred in other cognitive domains 
besides memory, specifically executive function and lan-
guage skills. We hypothesized that after accounting for 
covariates such as age, gender, race/ethnicity, and years 
of education, elders with low literacy will experience more 
rapid decline in memory and executive functioning over 
time, but change in language skill would not differ between 
the groups.

METHOD

Sample
The participants for our research described below were 
selected from the Washington Heights Inwood Columbia 
Aging Project (WHICAP), a community-based, epidemio-
logical study of dementia in the ethnically diverse neigh-
borhoods of Northern Manhattan, New York. The WHICAP 
study follows a random sample of elderly Medicare recipi-
ents older than 65 years residing in selected census tracts 
of Washington Heights, Hamilton Heights, and Inwood. 
The population from which participants were drawn com-
prises persons from several different countries of origin 
and represents 3 broadly defined ethnic categories (ie, 
Hispanic, African American, and non-Hispanic white). The 
cohort represents a combination of continuing members 
of a cohort originally recruited in 1992 and members of a 
new cohort recruited between 1999 and 2001. Recruitment 
of all participants was initially achieved by contacting a 
stratified random sample of 50% of all persons older than 

65 years obtained from the Health Care Finance Admin-
istration (CMS: Center for Medicare Services). Data on 
literacy began to be collected in 1997, during the third 
follow-up of the 1992 cohort. At that time, 904 elderly 
participants were available; this evaluation wave is con-
sidered their baseline visit for the current study. Literacy 
was collected during the initial visit of the 1999 cohort (n = 
2183). Thus, the baseline visit of the current study includes 
3087 potentially eligible elders. The study was approved 

by our institution’s internal review board, and written 

informed consent was obtained from all participants.

Inclusion/Exclusion Criteria
Potential participants in the current study were included 
only if English was their primary language; they self-
identified as Hispanic, African American, or non-Hispanic 
white; and if they had at least 1 follow-up evaluation. 
Participants were excluded from the current study if they 
had a history of stroke or Parkinson’s disease and if at 
baseline they were diagnosed with cognitive or functional 
deficit of any type at a consensus conference of neuropsy-
chologists and physicians, who reviewed all data and used 

standard research criteria for dementia and cognitive 
impairment.21,22 In addition, participants were excluded 
if they did not have complete data on the English reading 
level measure.

Procedures
At the baseline evaluation, demographic data were collected. 
Trained neuropsychological technicians administered a brief 
yet comprehensive neuropsychological battery.23 A research 
physician performed an examination of medical, psychi-
atric, and neurologic functioning, as well as a measure-
ment of functional status. Baseline examinations were 
followed every 18 months with repeat medical, neurologic, 
psychiatric, and neuropsychological examinations.

Reading Level
English reading level was measured using the Reading 
Recognition subtest from the Wide Range Achievement 
Test–Version 3 (WRAT-3).24 On this test, participants were 
asked to name letters and pronounce words out of context. 
Scores can range from 0 to 57. The words are listed in 
order of decreasing familiarity and increasing phonological 
complexity.

Statistical Methods
A factor analysis of the neuropsychological test battery, 
as described elsewhere,25 yielded 3 stable factors, which 
reflected cognitive domains of memory, executive function-
ing, and language. Longitudinal analysis was performed 
using generalized estimated equations (GEE).26 This 
method is based on regression models that do not require 
outcome measures to be independent of each other (in this 
case, the repeated neuropsychological test scores), and it 
does not require that these measures have a normal dis-
tribution. To improve statistical power, GEE uses the 
correlations among outcome measures. For this study, GEE 
analyses were performed to assess for differences in lon-
gitudinal performance among the literacy groups. The 
GEE analyses used literacy groups split on the median 
WRAT-3 score. The primary variables of interest in these 
analyses were literacy group (high vs low), time, and the 
interaction term literacy group × time.

We evaluated age (67-78 vs >79 years), ethnicity 
(white, black, and Hispanic), gender, and years of educa-
tion (high vs low, split at the median of 12 years) for inclu-
sion as covariates, as well as the interactions of each of 
these variables with time. For each GEE analysis, we first 
included all covariates in the model and then trimmed 
back the model, retaining only those covariates that sig-
nificantly contributed to prediction of memory test score.

Regression coefficients from these GEE analyses 
represent associations between a neuropsychological score 
and variables included in the model. A significant literacy 
group effect indicates a significant difference between the 
2 groups at the baseline or any subsequent evaluation, 
with a positive regression coefficient indicating that the 
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group with high literacy obtained higher scores than the 
low literacy group. A significant literacy × time regression 
coefficient indicates that there is a difference in the rate 
of change of test scores between the 2 groups.

RESULTS

Sample Characteristics
The composition of the current sample is provided in Fig-
ure 1. After subjects were removed from the baseline 
cohort for not meeting language and/or race/ethnicity 
criteria, 27% of the remaining sample were eliminated at 
baseline because they had prevalent stroke, Parkinson’s 
disease, or cognitive or functional impairment on examina-
tion. Of those remaining, 18% were not seen for at least 1 
follow-up evaluation because they refused, died, or were 
lost to follow-up. Of those remaining, 10% could not be 
included because they were missing data on key variables 
needed to address the study aims. In addition, t tests 
revealed that those missing the literacy test were not dif-
ferent from those included in the analysis in terms of age, 
t (1, 072) = 0.3, P > .05; years of education, t (1, 076) = 0.3, 
P > .05; or baseline memory factor scores, t (1, 055) = 1.5, 
P > .05. A total of 1002 participants met criteria for inclu-
sion in the study.

Participants were stratified into 2 literacy groups 
based on the median performance of the group on the 
WRAT-3 reading test (median = 47). Table 1 presents the 
demographics of the 2 groups. As expected, the low literacy 
group had fewer years of education, and low literacy par-
ticipants were more likely to be ethnic minorities than 
were the high literacy participants. The groups did not 
differ from each other on age or gender composition. 
Follow-up duration was somewhat longer in the low lit-
eracy group.

To determine differences in change in memory func-
tion between the 2 literacy groups, GEE analyses were 
performed. The final model, shown in Table 2, included 4 
significant covariates, indicating that age and education 
had main effects memory score in the expected directions. 
Men attained lower scores than did women on the memory 
measures. There was a significant literacy group effect 
and a significant time effect. There was also a significant 
positive literacy × time interaction, indicating that the low 
literacy group had a steeper decline in memory scores 
compared with the high literacy group. These results are 
also presented graphically in Figure 2. There was no sig-
nificant effect of race/ethnicity or the interactions of 
race/ethnicity, age, or years of education with time; how-
ever, there was a significant interaction of gender and 
time, such that women experienced less decline over time 
than did men. Using the executive function factor score 
as the dependent variable in a GEE analysis showed 
similar results and that the interaction term of interest, 
literacy × time, was significant. Finally, we found that 

elders with low literacy also have a significant but small 
increase in the rate of decline of language skills over 
time.

CONCLUSION

The current study demonstrates that literacy is a crucial 
predictor of cognitive decline among an ethnically diverse 
cohort of English-speaking elders. Along with our previous 
work,19,27,28 this study shows that not only does literacy 
influence the specificity of neuropsychological measures 
but it is also a consistently stronger factor in determining 
rate of decline in memory, executive function, and lan-
guage than is years of education. Based on the results of 
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Figure 1.  Cohort for the current study.

Table 1.  Demographics, Reading Level, and Years 
Follow-up Among Low and High Literacy Groups

Reading Level	 High	 Low

n	 532	 470
Age at baseline (SD)	 75.5 (6.2)	 75.9 (5.9)
Female, %	 67.1	 69.8
White, %	 73.6	 26.4*
Years of education (SD)	  14.0 (3.1)	 11.1 (3.4)*
Reading level (SD)	 51.0 (2.3)	 40.7 (7.0)*
Years follow-up (SD)	 3.2 (1.7)	 3.6 (1.8)*

*P < .001.
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this work, we propose that regardless of race/ethnicity, 
literacy measures reflect educational experience more 
accurately than do years of education and, thus, are a 
superior assessment of the knowledge, strategy, and skills 
needed to perform well on traditional neuropsychological 
tasks. Test scores adjusted for reading level can be used 
to predict performance more accurately than if only years 
of education and racial/ethnic classifications are used.

In the United States there is a great deal of discordance 
between years of education and reading level; this discor-
dance is especially true among African Americans. Previous 
studies revealed that elderly African Americans have read-
ing skills that are significantly below their self-reported 
education level.29,30 The unequal distribution of funds to 
African American schools, and the subsequent lower quality 
of education, has been studied as the source of this discor-
dance between years of education and achievement.31-34

The relevance of this study to children of people with 
AD is 2-fold. First, assessment and research of families of 
people with AD, especially ethnic minorities, should 
include literacy level, as this study suggests it is an impor-

tant indicator of cognitive reserve. Literacy level could be 
a more accurate reflection of native ability because it does 
not assume that all persons get the same amount of learn-
ing from a certain grade level; the fact that some excel 
more than others or seek learning outside of school will 
be reflected in measurements of reading level. It is possible 
that literacy level could be a more sensitive proxy for 
cognitive reserve than years of education because it more 
accurately reflects the quality of the educational experi-
ence provided to ethnic minority elders. Second, as our 
nation becomes more culturally and linguistically diverse, 
we must find efficient and meaningful ways to inform 
ourselves about premorbid experiences that will impact 
willingness to participate in research, the assessment and 
diagnostic process, the interactions of genes with environ-
ment on disease, and possibly resistance to cognitive 
decline.
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