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ABSTRACT

Literacy may be a more powerful indicator of brain reserve than years of education. Literacy level may be a
proxy for native intellectual capacity or life experience that can compensate for brain damage or provide
brain reserve. Alternately, the experience of acquiring literacy skills may in itself change the organization of
the brain and increase protection against cognitive decline. However, because people with low levels
of literacy obtain poor scores on most cognitive measures, only longitudinal studies can elucidate the role of
reading ability in reserve. We determined whether literacy skills could predict cognitive change in a sample
of 136 English-speaking African American, Caucasian. and Hispanic elders selected from a longitudinal
aging study in New York City. According to a physician’s independent examination, all participants were
nondemented throughout the four longitudinal assessments. Literacy level was assessed using the WRAT-3
reading subtest. After accounting for age at baseline and years of education, GEE analyses showed that elders
with low levels of literacy had a steeper decline in both immediate and delayed recall of a word list over time
as compared to high literacy elders. Our findings suggest that literacy skills are protective against memory
decline among nondemented elders.

INTRODUCTION 1996; Gurland et al., 1995; Mortel, Meyer,
Herod, & Thornby, 1995). Higher incidence of
dementia has been demonstrated in several stud-
ies (Evans et al., 1993; Letenneur, Commenges,
Dartigues, & Barberger-Gateau, 1994: Stern
et al., 1994; White et al., 1994). Cognitive de-
cline appears to be faster (Stern, Albert, Tang, &
Tsai, 1999; Teri, McCurry, Edland, Kukull,

Low education has been established as a signifi-
cant risk factor for AD and other dementias
(Kawas & Katzman, 1999). A higher prevalence
of Alzheimer's disease and dementia among
elders with low levels of education has been
found in Brazil (Caramelli et al., 1997), China

(Hill et al., 1993; Zhang et al., 1990)., Finland
(Sulkava et al., 1985), France (Dartigues et al.,
1991), ltaly (Bonaiuto et al.. 1990: Prencipe
et al., 1996), Israel (Bowirrat, Treves, Friedland,
& Korczyn, 2001; Korczyn, Kahana, & Galper,
1991). the Netherlands (Ott et al., 1995),
Sweden (Fratiglioni et al., 1991; Gatz et al.,
2001), and the United States (Callahan et al.,

& Larson, 1995; Unverzagt, Hui, Farlow, Hall,
& Hendrie, 1998) and associated with increased
risk of mortality (Stern, Tang, Denaro, & Mayeux,
1995) among highly educated minorities with
Alzheimer’s disease, which suggests that the
level of brain pathology is greater by the time
well educated individuals show the signs of
dementia.
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The studies cited thus far have demonstrated
a link between education and dementia or
Alzheimer’s disease. But there is also evidence
for a role of education in age-related cognitive
decline. Several studies of normal aging have
found more rapid cognitive and functional decline
in individuals with lower educational attainment
(Albert et al., 1995; Butler, Ashford, & Snowdon,
1996: Chodosh, Reuben, Albert, & Seeman,
2002; Christensen et al., 1997; Farmer, Kittner,
Rae, Bartko, & Regier, 1995; Snowdon, Ostwald,
& Kane. 1989). These studies suggest that the
same education-related factors that delay the
onset of dementia also allow individuals to cope
more effectively with changes encountered in
normal aging.

Cognitive reserve has been suggested as the
mechanism for the link between low education
and higher risk of dementia observed in these
studies (Katzman, 1993; Mortimer, 1988: Satz
et al., 1993; Stern, 2002). Reserve, or the brain’s
ability to tolerate the effects of dementia pathol-
ogy, may result from native ability or from the
effects of lifetime experience. Years of education
may serve as a proxy for reserve whether it results
from ability or experience. In passive models of
reserve (Stern, 2002), education would be a proxy
for the brain’s capacity (synaptic density or
complexity) to tolerate either gradual or sudden
insult. In active models, years of education would
be an indicator of the brain’s ability to compen-
sate for pathology through more efficient use of
existing cognitive networks or recruitment of
alternate networks.

However, there are cases in which the relation-
ship between education and risk for cognitive
impairment or dementia is weakened or absent.
Two large international studies of incident
dementia found that illiteracy or low levels of
education did not increase the risk of Alzheimer’s
disease among elders in India (Chandra et al.,
2001) and West Africa (Hall et al., 1998; Hendrie,
2001). In fact, these studies had the lowest
prevalence and incidence rates of dementia
observed to date despite the fact that a large
proportion of the populations lacked formal
schooling or literacy training. This paradox serves
to illuminate the difficulty in comparing cultural
groups with disparate backgrounds. Reserve is

measured by proxy variables (such as years of
education, occupational level, or 1Q measures),
but there are a number of ways in which cultural,
racial, and economic factors may affect the
predictive power of these proxies.

Ethnicity and Native Ability

Studies showing that early intellectual or linguis-
tic ability predicts who will develop dementia
clinically in later life (Whalley et al., 2000) or
neuropathologically (Snowdon et al., 1996) pro-
vide strong support to the theory that years of
education is a proxy for brain or cognitive char-
acteristics that are already present at birth. That is,
the same cognitive strengths or robust brain
structures that allow for academic or occupational
success, are also less susceptible to sudden or
gradual insult.

However, years of education may not be an
accurate representation of native ability among
minority or immigrant elders whose educational
opportunities were limited due to institutionalized
racism and poverty. Minorities with strong intel-
lectual abilities may not achieve academic or
occupational success because their opportunities
are limited by societal forces beyond their native
intellect or drive to succeed. Although such
individuals may be powerful or influential in their
community, their abilities may not be reflected in
years of schooling or traditional indicators of
occupational status. Thus, the relationship between
years of education and native ability would be
weakened among ethnic minorities, leading to
underestimates of the relationship between educa-
tion and cognitive decline.

Evidence for the relatively weak association
between years of education and dementia risk
among African Americans is provided by a study
conducted in Indianapolis (Hall, Gao, Unverzagt,
& Hendrie, 2000). Childhood residence (rural
vs. urban) and educational level was evaluated
in a random sample of 223 African American
elders, 180 of whom were neurologically normal
and 43 who had AD. Childhood rural residence,
combined with fewer than 7 years of school, was
associated with an increased risk of AD. The
authors hypothesized that low education by
itself is not a major risk factor within African
Americans, but is a marker for other deleterious
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socioeconomic or environmental influences in
childhood. The major limitation of this study is its
cross-sectional design. since African American
elders with low education who were raised in rural
settings might have performed badly on the
cognitive tests used to diagnose dementia simply
as a function of their cultural and educational
background,

Native ability has also been operationalized
using tests such as IQ measures or vocabulary
tests. There i1s ample evidence that scores on
traditional cognitive tests underestimate the
functional abilities of African Americans (see
review, Manly & Jacobs, 2001) and other ethnic
minorities (Ardila, 1995; Wong, Strickland.
Fletcher-Janzen, Ardila, & Reynolds, 2000) at
least in part due to subjects’ lack of familiarity
with items or level of comfort and confidence
during the testing session. Therefore. indices of
reserve (whether assessed either in childhood or
as an adult) may also underestimate the strength
of the relationship between native ability and
protection from cognitive decline among ethnic
minorities.

Ethnicity and Educational Experience

Rather than a reflection of innate ability, years of
education could be an indicator of lifetime experi-
ences that change the brain during childhood or
adult life and thus create a reserve against disease
pathology. However, use of years of education to
represent a direct effect of experience on the brain
or cognition is problematic when employed
among ethnic minorities. This is due to the
increased discordance between years of education
and quality of education among ethnic minaorities.
Previous studies revealed that elderly African
Americans have reading skills significantly
below their self-reported education level (Albert
& Teresi, 1999; Baker, Johnson, Velli, & Wiley,
1996; Manly, Jacobs, Touradji, Small, & Stern,
2002). These discrepancies have been shown to be
related to the inferior funding of segregated Black
schools as compared to White Southern schools
and most integrated Northern schools (Anderson.
1988: Hanushek, 1989; Hedges, Laine. &
Greenwald, 1994; Margo, 1985, 1990:; O’Neill,
1990; Smith, 1984: Smith & Welch. 1977; Welch,
1966, 1973).

The Literacy Advantage

We propose that the use of literacy as an estimate
of the quality of education will serve as a more
meaningful proxy for reserve among ethnic minor-
ities. The utility of literacy in studies of cognitive
ability among normal elders was recently demon-
strated by our group in research that sought to
determine if discrepancies in quality of education
could explain differences in neuropsychological
test scores between African American and White
elders matched on years of education. A compre-
hensive cognitive battery was administered to a
sample of nondemented African American and
non-Hispanic White participants in an epidemio-
logic study of normal aging and dementia
in the Northern Manhattan community. The
Reading Recognition subtest from the Wide
Range Achievement Test — Version 3 (WRAT-3:
Wilkinson, 1993) was used as an estimate of
quality of education. African American elders
obtained significantly lower scores than Whites
on measures of word list learning and memory,
figure memory, abstract reasoning. fluency, and
visuospatial skill even though the groups were
matched on years of education. However. after
adjusting the scores for WRAT-3 reading score,
the overall effect of race was greatly reduced, and
racial differences on all tests (except category
fluency and a drawing measure) became nonsig-
nificant. This study suggests that literacy could be
a more sensitive proxy for reserve than years of
education, because it more accurately reflects the
quality of the educational experience provided to
ethnic minority elders. In addition, literacy could
be a more accurate reflection of native ability
because it does not assume that all individuals get
the same amount of learning 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 literacy.

Some limited evidence is available regarding
the effect of literacy on age-related cognitive
change among neurologically normal adults.
Ardila, Ostrosky-Solis, Rosselli, and Gomez,
(2000) conducted a cross-sectional study of 865
Spanish-speaking Mexican adults between the
ages of 16 and 85. They found that verbal memory
performance declined more sharply with age
among illiterates than among people with 10 or
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more years of education. Measures of other cog-
nitive domains (such as visuospatial skill, atten-
tion, and verbal fluency) showed other patterns of
change with age by education level. The authors
did not indicate how illiteracy was determined (it
appears to be equivalent with having no formal
schooling), and thus the effects of literacy and
years of education are indistinguishable. Further,
the cross-sectional design leaves open the possi-
bility that the interactions between age and
education are cohort effects. Nevertheless, the
findings of this research are in keeping with the
theoretical role of literacy we have outlined here,
and encourage further investigation.

The overall goal of the current study was to
explore the relationship of literacy level to change
in memory ability over time among an ethnically
diverse sample of nondemented elders. Specifi-
cally, we wanted to determine if literacy 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. We focused our analyses on
immediate and delayed recall measures from a
verbal word list learning task, since these measures
are sensitive to age-related memory decline and
mark the earliest signs of Alzheimer’s disease.

METHOD

Research Participants
The current sample was selected from participants in the
Washington Heights-Inwood Columbia Aging Project
(WHICAP), a community-based, epidemiologic study of
dementia in the ethnically diverse neighborhoods of
Northern Manhattan, New York. The WHICAP study
follows a random sample of elderly Medicare recipients
residing in selected census tracts of Washington/
Hamilton Heights and Inwood. Participants are followed
prospectively and receive annual medical, neurologic,
and neuropsychological evaluations. The population
from which participants were drawn is comprised of
individuals from several different countries of origin and
representing three broadly defined ethnic categories (i.e.,
Hispanic. African American, and non-Hispanic White),
All potential participants were age 65 and above and
were fluent in English. In order to control for possible
effects of language use, we excluded any individuals
whose first language was not English. Potential

participants were excluded if they had a history of
Parkinson's Disease, stroke, head injury with loss of
consciousness, alcohol abuse, or serious mental illness
such as depression or schizophrenia. WHICAP partici-
pants who showed neurological or functional signs of
dementia or cognitive impairment without dementia at
any time point were excluded from the current anal-
yses. This determination was made on the basis of a
physician’s clinical examination, which included a
rating of daily functioning (see Procedures section) and
was independent of the participant’s performance on
the neuropsychological battery. Of these nondemented
participants, only those with four completed evalua-
tions were considered for this analysis.

Procedure

Medical Evaluation

A physician recorded the medical history and medica-
tions in a semistructured format. Neurological and brief
physical examinations were performed, including assess-
ment of extrapyramidal signs. Functional status was
measured using Part | of the Blessed Dementia Rating
Scale (BDRS: Blessed, Tomlinson, & Roth. 1968) and
the Schwab and England rating scale of activilies of daily
living (Boller, Mizutani, Roessmann, & Gambetti, 1980).
From this information, the physician determined whether
the participant met criteria for delirium, dementia, or
cognitive impairment without dementia using Diagnostic
and Statistical Manual of Mental Disorders — Fourth
Edition (American Psychiatric  Association,  1987)
criteria.

Word List Learning and Memory

The Selective Reminding Test (SRT; Buschke & Fuld,
1974) was administered at baseline and each follow-up
evaluation. Participants were given six trials to learn a
list of 12 unrelated words. After each recall attempt,
they were reminded only of the words that had not been
successfully recalled. The total number of words
recalled over these six trials was recorded. Delayed
incidental recall was assessed after a 15-min delay.
Three alternate forms of the SRT in which the word lists
are matched on frequency and length were used.

Reading Level

English reading level was measured using the Reading
Recognition subtest from the Wide Range Achievement
Test — Version 3 (Wilkinson. 1993). On this test,
participants are asked to name letters and pronounce
words out of context. The words are listed in order of
decreasing familiarity and increasing phonological
complexity. Consistent with the standard instructions
for administration, a basal of five correct words or
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letters and a ceiling of 10 incorrect words or letters was
used.

Statistical Methods

Longitudinal analysis was performed using General-
ized Estimated Equations (GEE: Liang & Zeger. 1986).
GEE 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 distribution. GEE uses the correlations among
outcome measures Lo improve statistical power. For this
study, GEE analyses were performed to assess for
differences in longitudinal 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 x time. Preliminary analyses showed
that results did not differ whether time was included as
a continuous or categorical variable. All final analyses
included time as a continuous variable, measured from
the point of baseline testing.

We evaluated age (67-79 vs. >80 years), ethnicity
(White vs. ethnic minority), gender, and years of
education (high vs. low, split at the median of 12 years)
for inclusion 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 significantly 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 signifi-
cant literacy group effect indicates a significant differ-
ence between the two groups at the baseline or
any subsequent evaluation, with a positive regression

coefficient indicating that the group with high literacy
obtained higher scores than the low literacy group. A
significant time effect indicates a change of test scores
over time: a negative coefficient indicates that both
groups are declining over time. The most important
variable under consideration is the literacy x time
interaction. A significant literacy x time regression
coefficient indicates that there is a difference in the
rate of change of test scores between the two groups.

RESULTS

Sample Characteristics

A total of 136 participants met exclusion and
inclusion criteria. Participants were  stratified
into two literacy groups based on the median
performance of the group on the WRAT-3 reading
test (median =47). Table | presents the demo-
graphics of the two groups. As expected, the low
literacy group had fewer years of education and
low literacy participants were more likely to be
ethnic minorities than the high literacy group. The
high literacy group was 61% White, 39% African
American, and 0% Hispanic, while the low lit-
eracy group was 24% White, 67% African Amer-
ican and 9% Hispanic. The groups did not differ
from each other on age or gender composi-
tion. Mean follow-up duration was 5.1 years
(SD=1.1) and did not differ within the two
literacy groups.

GEE Analyses of Literacy Groups
GEE analyses were performed to determine differ-
ences in change in SRT total recall performance

Table 1. Characteristics of the Two Literacy Groups Used for Analysis.

Low literacy group

High literacy group

M SD Range M SD Range
Age 79.8 5.8 67-94 80.3 5.2 68-94
Years of education” 10.6 34 0-16 13.0 3.2 1-18
WRAT-3 reading score” 40.3 7.8 047 512 2.2 48-56
Sex. % female 76.1% 63.8%
Ethnicity, % minority* 76.1% 39.1%

Note. Number of subjects for low literacy group and high literacy group are 67 and 69, respectively.

“1(134) = 4.34; p < .001.
"t(134) = 13.22; p < .001.
‘(1) = 19.56; p < 001,
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Fig. 1. Change in Selective Reminding Test total recall
score over time.

between the two literacy groups. When each of the
covariates was entered into the model, there was no
effect of gender, ethnicity, or interaction of any of
the covariates with time. The final model included
two significant covariates, indicating that age
(3= -292, p=.006) and education (3=2.8,
p=.005) had main effects on SRT total recall
score in the expected directions. There was a sig-
nificant literacy group effect (7 =3.17, p=.002)
and a significant time effect (= —1.09, p < .001).
There was also a significant positive literacy x
time interaction (= 0.61, p=.025), indicating
that the low literacy group had a steeper decline
in total recall scores compared with the high
literacy group. These results are presented graphi-
cally in Figure 1. When this analysis was repeated
using separate White (n=58) and nonWhite

(n=78) groups, the strength and the direction of

the regression coefficients for each of the effects
was essentially unchanged as compared to the
analysis with the combined sample.

Using SRT delayed recall as the dependent
variable in a GEE analysis yielded similar results;
only years of education (/4 = 0.93, p = .005) was
significant among the added covariates, but there
was a significant literacy group effect (/3 =0.73,
p=.031) and a significant time effect (4=
—0.23, p<.001). There was also a significant
positive literacy x time interaction (7 =0.17,
p =.035). indicating that the low literacy group
had a steeper decline in delayed recall scores
compared with the high literacy group. The
profile of SRT delayed recall scores over time
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Fig. 2. Change in Selective Reminding Test delayed
recall score over time.

for high and low literacy groups is shown in
Figure 2. Again, there was essentially no dif-
ference in the regression coefficients when the
analysis was performed using separate White
and nonWhite groups.

DISCUSSION

Elders with both high and low levels of literacy
declined in immediate and delayed memory over
time; however, the decline was more rapid among
low literacy elders. This suggests that high lit-
eracy skills do not provide complete preservation
of memory skills but rather a slowing of age-
related decline. All participants had normal over-
all cognition and were functioning normally in
daily activities. Thus the decline in memory
scores was not associated with the onset of a
dementia disorder.

There were no interactions between time and
either years of education or ethnicity, suggesting
that, in this diverse population of normal elders,
literacy was the most sensitive predictor of
memory decline. Unlike many prior studies that
examined the relationship of education to demen-
tia or normal aging, we did not find that low
education (less than 12 years) was a risk factor for
cognitive decline.

Our results are thus similar to those obtained in
West Africa (Hall et al., 1998: Hendrie, 2001) and
India (Chandra et al., 2001). In our sample, over
37% were ethnic minorities; as in West Africa and
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India, most individuals had drastically fewer
opportunities for education (as is obvious by the
high rates of low literacy). In such settings, those
with high native intellect may not have been able
to achieve academic success commensurate with
their ability. High and low literacy groups would
thus not differ in innate intellect or in the
resistance to pathology it may confer (Gatz
et al., 2001). The fact that levels of dementia
remain low in areas where illiteracy rates are
high supports the theory that reserve is the result
of innate traits rather than acquired through
education.

Literacy could be a more accurate reflection of
native ability than years of education. While
educational experience certainly contributes to
literacy, individuals may have opportunities to
enhance their literacy throughout their lifetime
that are not reflected by years of education. Gifted
individuals will be more likely to develop literacy
skills regardless of their opportunity to attend
formal schooling.

We found that cognitive change over time was
better predicted by literacy than by years of
education. However. both literacy and years of
education significantly affected baseline scores on
immediate and delayed recall. The main effect of
literacy was greater than the main effect of
education for total recall scores, while the
converse was true for delayed recall scores. This
finding extends previous studies which showed
that literacy captures an aspect of educational
experience, which is not accounted for by years of
education alone, and that it can add to the
prediction of how ethnically and linguistically
diverse individuals should perform on cognitive
tests (Manly et al., 1999; Manly et al., 2002; Reis
& Castro-Caldas, 1997; Weiss, Reed, Kligman, &
Abyad, 1995). The meaning of years of education
is not commensurate between ethnic and racial
groups (Kaufman & Cooper, 1995). making
literacy a more sensitive indicator of the educa-
tional experience of minority elders. Research on
cognitive reserve could benefit from such an
indicator to help deconstruct the various compo-
nents of education that might contribute to
resistance against pathology.

Learning to read and write may fundamentally
change the functional architecture of the brain

(Petersson. Reis, & Ingvar, 2001), allowing it to
actively compensate for age-related changes.
Literacy changes the way we process and
represent information, primarily phonological
(Lecours et al., 1987. Matute, Leal, Zaraboso,
Robles, & Cedillo, 1997; Petersson et al., 2001;
Rosselli, Ardila, & Rosas, 1990; Scribner & Cole,
1981) but also nonverbal stimuli (Ardila, Rosselli,
& Rosas, 1989; Manly et al.. 1999). The process
of acquiring and uvsing literacy skills may also
increase the synaptic density of the brain, like
other factors which contribute to an “enriched
environment” (Diamond, 1988).

A strength of the current study is its longi-
tudinal design. Our analysis of change over time
avoids detection bias, because variables such as
years of education, literacy, and cultural back-
ground that affect baseline measurement are
likely to have a similar effect on subsequent
measurements. However, the assumption that
these biases will not affect change in score over
time is problematic if well educated, highly
literate, and culturally mainstream individuals
are able to benefit from practice more than less
educated, low literate ethnic minorities.

Although all participants in our studies were
diagnosed as normal at all time points, the
possibility remains that some elders suffered from
an early stage of Alzheimer’s pathology which
might be sufficient to impair their reading perfor-
mance yet remain undetected by the physician’s
assessment. If present, such cases of preclinical
dementia would be likely to appear disproportion-
ately in the low literacy group. However, if single-
word reading task performance remains stable
during the development of dementia, the WRAT-3
would reflect literacy rather than pathology in all
cases. Although the utility of single-word read-
ing measures such as the WRAT-3 in premorbid
1Q estimation is controversial (Dura, Myers, &
Freathy, 1989; Johnstone, Callahan, Kapila, &
Bouman, 1996; Johnstone & Wilhelm, 1996;
O’Carroll, 1995; Storandt, Stone, & LaBarge.
1995), one longitudinal study of incident dementia
(Schmand, Geerlings, Jonker, & Lindeboom, 1998)
concluded that reading level remains a valid
estimate of premorbid ability in mild and ques-
tionable dementia. Ideally, childhood measures of
literacy would be used to predict development of
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cognitive decline later in life, thus avoiding
confounding from effects of preclinical dementia
on reading skill. This technique was elegantly
demonstrated in studies showing that low scores on
measures of intelligence in childhood (Whalley
et al., 2000) and low linguistic ability in the early
1920s (Snowdon et al.. 1996) were associated with
low cognitive test scores and dementia in old
age.

Future study should extend the current findings
beyond normal aging to determine the role of
literacy in predicting conversion of normal elders
to questionable dementia or MCI and dementia.
Investigators should also detail the relationship of
literacy to functional change or memory com-
plaints over time; if high literacy reflects re-
serve, it should also be associated with relative
preservation of activities of daily living. This
approach would avoid the problems of shared
variance that arise when one verbal test (literacy)
is used to predict another (verbal memory).

Although years of education was taken into
account in the current study, it is possible that
statistical methods could not perfectly equalize
the two literacy groups on all variables associated
with schooling. It may be desirable to examine
literacy as independent of education through
longitudinal investigation of a cohort of elders
without any formal education who did or did not
achieve literacy (e.g., Manly et al., 1999; Reis &
Castro-Caldas, 1997).

Both native ability and educational experience
contribute to an individual’s literacy level. How-
ever, the factors that determine the strength of
each contribution tend to differ among ethnic or
racial groups. When comparing between ethnic
groups, differences in the availability of educa-
tional opportunity are likely to predominate.
Racism, poverty, and other societal forces may
have prevented some individuals with high native
ability from gaining literacy skills, so literacy
scores are a better proxy for quality of education
in between-group comparisons. Within the same
ethnic or racial group, disparities in educational
opportunity may not be as strong, making literacy
more likely to reflect ability to achieve academic
success. In this case, literacy may be more
appropriately used as a proxy for an individual’s
innate intellectual ability.
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