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Objective: The epidemiology of cognitive decline over 11.5 years was investigated in a
large community-residing population, with a special emphasis on the relationship between
education and cognitive decline. Method: The study was an 11.5-year follow-up of a prob-
ability sample of the adult household residents of east Baltimore. From the Baltimore co-
hort of the Epidemiologic Catchment Area study, 1,488 participants completed the Mini-
Mental State during three study waves in 1981, 1982, and 1993-1996. For each study par-
ticipant, the difference in scores on the Mini-Mental State between waves 2 and 3 was cal-
culated. Results: Over a median interval of 11.5 years, the study participants’ scores on
the Mini-Mental State declined a mean of 1.41 points, and the scores of 68% of the partic-
ipants declined by at least 1 Mini-Mental State point. With and without adjustment for age,
greater declines were associated with having 8 years or less of formal education and with
being African American. Conclusions: Over a long time period, cognitive decline occurred
in all age groups. Having more than 8 years of formal education was associated with less
decline. However, beyond 9 years, additional education was not associated with a further
reduction in cognitive decline. This suggests that a minimal amount of education during

early critical periods might confer protection against cognitive decline later in life.

(Am J Psychiatry 1999; 156:58-65)

Cognitive capacity, a uniquely human confluence of
memory, language, praxis, abstraction, and executive
functioning, has multiple determinants, including ge-
netic makeup, nutritional status, health status, for-
mal education, and age-related developmental pro-
cesses. Cognitive performance generally reaches its
peak in early adulthood, and it appears to decline
later in life (1). The underlying causes of this decline
include disease processes, such as Alzheimer’s disease
or brain injury of vascular origin, but also may in-
clude disuse and poorly characterized age-related dete-
rioration processes (1).
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Several important questions regarding the epidemi-
ology of cognitive decline remain unanswered. For
example, does decline occur at all ages or does it be-
gin later in life? Is the rate of decline stable over an in-
dividual’s life? Who is at greatest risk for cognitive
decline? Answers to these questions are important in
light of the medical and public health importance of
cognitive decline. Cognitive decline has been associ-
ated with impaired functioning and with increased
mortality (1). In addition, cognitive decline is closely
linked to dementia (2—4), a major medical and public
health problem.

The most comprehensive assessments of cognitive
change over the life span were conducted in the Se-
attle Longitudinal Study (5). That study followed a
series of community-based cohorts enrolled in a
health maintenance organization. The sample sizes
for individual cohorts were between 500 and 997.
Participants were assessed on tests of intelligence and
cognitive capacity. The main findings were that indi-
vidual cognitive abilities did not change much before
age 60, with the exception of verbal fluency. Beyond
that age there appeared to be continued decline in
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several areas of intellectual functioning. Owing to at-
trition, the Seattle Longitudinal Study did not have
sufficiently large samples with which to detect small
cognitive declines in younger age groups. Further-
more, few individual participants were followed for
longer than § years.

Several studies have investigated risk factors for
cognitive decline in later life (6-10). These have con-
sistently implicated increasing age (6-9) as a risk fac-
tor for cognitive decline. In addition, a previous
analysis from the Epidemiologic Catchment Area
(ECA) study indicated that cognitive decline is in-
versely related to education (9). (That study investi-
gated decline between ECA wave 1 [1981] and wave
2 [1982] at all five ECA sites. A subset of the data set
used in those analyses was from the Baltimore site
and included some of the baseline data used in the
analyses reported here.) Higher social and occupa-
tional functioning also appears to be protective
against later decline (8). Being female and encounter-
ing stressful life events are not associated with cogni-
tive decline (6, 8).

Three of these risk factor studies (6-8) included rel-
atively small samples (fewer than 350 persons), and all
followed participants for less than 6 years. Jacqmin-
Gadda et al. (10) recently reported findings from an
epidemiologic study of 2,537 persons aged 65 and
older who underwent annual cognitive assessments
with the Mini-Mental State (11) for 5 years. These in-
vestigators reported small but significant mean de-
clines on the Mini-Mental State over 5 years (between
0.02 and 0.57 Mini-Mental State point per year). In-
creasing age and less education were independent pre-
dictors of decline.

The association between educational attainment and
cognitive decline is particularly interesting. It has been
well established through cross-sectional research that
performance on cognitive tests is closely linked to prior
educational attainment (12). There also is evidence
that educational interventions increase cognitive ca-
pacity, at least in the short term (5). As already noted,
low education level may be a risk factor for cognitive
decline (9, 10). However, in a recent review Gilleard
(12) concluded that an independent association be-
tween education and cognitive decline has not been
consistently supported by the data.

Several confounders of the potential association be-
tween educational attainment and cognitive decline
have not been adequately controlled in longitudinal
studies. These include chronological age, birth cohort,
gender, race, and prior cognitive capacity. Also, the
available evidence does not speak clearly to whether
the potential association between education and cogni-
tive decline is monotonic or whether a threshold is in-
volved (i.e., whether beyond a certain “dose” of educa-
tion, additional years of education are no longer
associated with less decline).

While cognitive decline and dementia are not synon-
ymous, many older persons who exhibit cognitive de-
cline develop dementia (2). A substantial number of
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epidemiologic studies of the incidence of dementia
have been published in the last several years (13-26).
In one of these (23), participants were followed for 15
years. The other studies had follow-up intervals of less
than § years and focused on populations typically over
65 years of age. In these studies (13-26), increasing
age, prior cognitive impairment, strokes, high blood
pressure, alcohol consumption, and depression were
found to be risk factors for the development of demen-
tia. Gender has not been associated with a higher inci-
dence of dementia (13-15), although the confounding
between gender and age has not been assessed system-
atically. Two studies (27, 28) have suggested that lesser
educational attainment is a risk factor for dementia.
However, this finding has not been supported univer-
sally; some research has shown no association between
educational attainment and the incidence of dementia
(12, 15, 28, 29).

In this paper we report findings from the 11.5-year
follow-up of 1,488 participants in the Baltimore area
ECA study. The Mini-Mental State (11), a widely used
quantitative measure of cognitive capacity, was admin-
istered to participants at wave 1 (1981) and at two fol-
low-up waves in 1982 and 1993-1996. The design of
the study allowed us to examine cognitive decline be-
tween waves 2 and 3 in a large epidemiologic sample
containing substantial numbers of individuals of all
ages. A special feature of this design was the ability to
use the wave 1 Mini-Mental State score as a measure
of baseline cognitive functioning. The design allowed
us to address some of the unanswered questions in the
epidemiology of cognitive decline and to assess more
specifically the association between education and cog-
nitive decline with adjustment for potential distortions
introduced by age, sex, race-ethnicity, and baseline
cognitive functioning.

METHOD

Baltimore ECA Follow-Up

The ECA program has been described in detail elsewhere (30,
31). The Baltimore arm of this five-site study first began inter-
viewing participants in 1981, when the first wave of assessments
was completed, including the baseline (wave 1) Mini-Mental State
examination. A second wave of assessments (including the wave 2
Mini-Mental State) was conducted 1 year later, in 1982. The ECA
target population consisted of the adult household residents of
eastern Baltimore, an area with 175,211 adult inhabitants. In
wave 1, 4,238 individuals were designated by probability sam-
pling methods for interview and 3,481 (82%) completed inter-
views. Of these, 2,695 completed interviews at wave 2.

In 1993 all 3,481 initial participants were targeted for tracing
and interviewing. It was found that 848 had died; 2,633 were pre-
sumed to be alive, of which 415 could not be successfully traced.
Of the 2,218 located, 298 refused to participate and 1,920 com-
pleted interviews at follow-up. Of these, 1,488 completed the
Mini-Mental State at all three study waves, approximately 11.5
years after wave 2. All study participants signed informed consent
statements approved by the Institutional Review Board of the
Johns Hopkins University School of Hygiene and Public Health.

The predictors of loss to follow-up and mortality included cogni-
tive impairment, greater age, and lower education at baseline (30).
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TABLE 1. Sociodemographic Variables at Study Entry (1981) of All Members of the Baltimore Cohort of the ECA Study and Sub-
sets Who Were or Were Not Assessed for Cognitive Decline Between Wave 2 (1982) and Wave 3 (1993-1996)

Followed Up
at Wave 3

But Mini-Mental Mini-Mental State

State Not Given at Given at
Original Cohort One Wave All Three Waves
(N=3,481) (N=409) (N=1,488)

Variable N % N % N %
Age (years)

18-30 1,014 29 114 28 545 37

31-40 566 16 64 16 319 21

41-50 327 9 37 9 179 12

51-60 448 13 69 17 185 12

61-70 588 17 81 20 207 14

271 538 15 44 11 53 4
Gender

Male 1,322 38 154 38 546 37

Female 2,159 62 255 62 942 63
Race

African American 1,182 34 108 26 516 35

Other 2,299 66 301 74 972 65
Education (years)

0-8 953 27 110 27 245 16

9-11 781 22 88 22 318 21

12 or general equivalency diploma 1,100 32 128 31 576 39

13-15 401 12 46 11 222 15

=16 246 7 37 9 127 9

These findings are important to these analyses since they imply that
many of the participants lost to follow-up would have exhibited sub-
stantial cognitive declines. Thus, the findings from the “survivor”
cohort in these analyses may well underestimate the degree of cogni-
tive decline for the original cohort.

Participants

In these analyses we included only the participants who com-
pleted the Mini-Mental State at all three study waves (N=1,488). Of
the original 3,481 participants at wave 1, 81 did not complete the
Mini-Mental State at wave 1. Of the remaining 3,400, 2,682 com-
pleted the Mini-Mental State at wave 2 and 171 completed it at
wave 3 but not at wave 2.

Table 1 contains data on characteristics of the original cohort
of 3,481, the 409 who were interviewed at wave 3 but who did
not complete the Mini-Mental State at one of the three waves, and
the 1,488 participants who completed the Mini-Mental State at
all three waves. The mean scores on the Mini-Mental State at
wave 1 for these three groups were 27.7 (SD=3.1), 27.8 (SD=2.9),
and 28.6 (SD=1.9), respectively. Compared to those who were fol-
lowed-up at wave 3 but were missing a Mini-Mental State score
for one of the three study waves, the subjects with Mini-Mental
State scores for all three waves were younger (x*=59.5, df=5, p<
0.0001), were more likely to be black (x2=9.6, df=1, p=0.002),
were less well educated (x2=27.0, df=4, p<0.0001), and had
higher wave 1 Mini-Mental State scores (t=6.59, df=1,892, p<
0.0001).

Measurement of Cognitive Decline

For each participant a difference score on the Mini-Mental
State was calculated by subtracting the score at wave 3 (1993-
1996) from the score at wave 2 (1982). The mean interval be-
tween the points at which these Mini-Mental State examinations
were performed was 11.6 years (SD=0.39). The median interval
was 11.5 years, the 25th percentile was 11.3 years, and the 75th
percentile was 11.9 years. The change in score on the Mini-Men-
tal State between waves 2 and 3 was the primary dependent vari-
able in the analyses; it has been analyzed without recoding from
this metric.
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Potential Sociodemographic Predictors of Cognitive Decline

Age and sex (female/male) were recorded at study entry. The ages
were grouped in years as follows: 18-30, 31-40, 41-50, 51-60, 61—
70, and 71 or older. Race also was recorded at study entry and was
indicated in the analyses as African American and other (mainly
white, non-Hispanic). Educational attainment was recorded at wave
1 as the number of years of formal education before wave 1. Five ed-
ucational subgroups were developed: 0-8 years, 9-11 years, 12 years
or general equivalency diploma, 13-15 years, and 16 or more years,
which conform with common educational landmarks (grade school,
some high school, completed high school or equivalent, some col-
lege, completed college).

The final potential predictor of cognitive decline was Mini-Men-
tal State score at wave 1 (1981), an independent measure of cogni-
tive functioning obtained at the earliest point in the study timeline,
well before the interval of interest. The wave 1 scores were stratified
into five groups: 30, 29, 28, 25-27, and <24. These groups were
chosen on the basis of the distribution of Mini-Mental State scores
at wave 1 in this sample. In regression models, the wave 1 Mini-
Mental State scores were entered without recoding. The recoding de-
scribed for sociodemographic variables was specified before any of
the relationships under study were estimated.

Analyses

The mean change in scores (with 95% confidence intervals) on the
Mini-Mental State between waves 2 and 3 for the entire analytic co-
hort and for subgroups by age, gender, race, education, and wave 1
score are reported in tabular form. The relationship between the co-
variates and the decline in Mini-Mental State score from wave 2 to
wave 3 was examined in linear regression models with Mini-Mental
State change as the dependent variable and the other variables as co-
variates. The association of individual covariates with cognitive de-
cline is reported in the form of a regression coefficient (and 95%
confidence interval) for each covariate. Subgroups were entered into
regression models individually as “dummy” variables to allow direct
comparisons of regression coefficients by using one of the subgroups
as reference.
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RESULTS

Cognitive Decline Between Waves 2 and 3

Over the 11.5 years of follow-up, there was a mean
decline of 1.41 points on the Mini-Mental State (95%
confidence interval=1.29-1.52). Twenty-seven (2%) of
the participants showed a 3-point or greater increase
(range=3-12 points), 51 (3%) showed a 2-point in-
crease, 134 (9%) showed a 1-point increase, and 270
(18%) showed no change. The remaining 68% all
showed declines: a decline of 1 point for 416 (28%), 2
points each for 257 (17%), 3 points for 140 (9%), 4
points for 72 (5%), and 5-19 points for 121 (8%).

As displayed in table 2, the magnitude of decline in
Mini-Mental State score was not constant for all sub-
groups. With respect to our hypothesis of major em-
phasis, the subgroup of adults with the lowest educa-
tional attainment showed much more decline than the
other education subgroups. Also, as expected, the par-
ticipants who were oldest at baseline in 1981 showed
large declines, relative to the other age strata (table 2).

Association Between Covariates and Cognitive Decline

Table 3 displays the relative magnitude of declines
on the Mini-Mental State for different subgroups of
the cohort. The numbers presented are the regression
coefficients from bivariate analyses (under “Unad-
justed” heading) and multiple regression analyses (un-
der “Adjusted” heading), as discussed previously. The
multiple regression models included all the variables
shown in the table. These coefficients can be inter-
preted as the magnitude of decline (or increase) on the
Mini-Mental State after 11.5 years, relative to a refer-
ence group. For example, before adjustment the 41-50
age group exhibited a 0.27-point greater decline (posi-
tive numbers in the table) on the Mini-Mental State
than the 18-30 (reference) age group, and the group
with 16 or more years of education had 1.50 points
less decline (negative numbers in the table) than the
group with 0-8 years of education.

The evidence presented in table 3 helps us to disen-
tangle what might be independent effects of educa-
tion, age, and the other variables thought to have an
influence on cognitive decline. As might be expected,
many of the adults with 8 years of schooling or less
also were in the older age groups, and more women
than men had survived into the oldest age groups.
The results from multiple regression convey the esti-
mated relationships that link low education, age, and
sex (being female) to cognitive decline, with statisti-
cal adjustments to disclose independent relation-
ships. Low education level remained a predictor of
cognitive decline, even with statistical adjustment for
age and all of the other variables studied, including
the wave 1 Mini-Mental State score. After adjust-
ment for age, the wave 1 Mini-Mental State score,
and the other variables, the magnitude of cognitive
decline for adults with 8 years or less of education
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TABLE 2. Mean Change in Mini-Mental State Score From Wave
2 (1982) to Wave 3 (1993-1996) of the ECA Study for Sub-
groups of the Baltimore Cohort

95% Confidence
Interval
Mean Lower Upper
Variable N Decline Limit Limit
Overall cohort 1,488 1.41 1.29 1.52
Age (years)
18-30 545 0.98 0.83 1.13
31-40 319 1.08 0.89 1.27
41-50 179 1.25 0.92 1.58
51-60 185 1.52 1.20 1.84
61-70 207 2.62 2.22 3.02
=71 53 3.23 2.14 4.31
Gender
Male 546 1.23 1.09 1.37
Female 942 151 1.37 1.66
Race
African American 516 1.76 1.59 1.92
Other 972 1.23 1.10 1.36
Education (years)
0-8 245 2,51 2.12 2.90
9-11 318 1.43 1.13 1.73
12 or general equiva-
lency diploma 576 1.08 0.94 1.22
13-15 222 1.25 1.03 1.47
=16 127 1.06 0.83 1.29
Baseline (wave 1) score
on Mini-Mental State
30 549 1.23 1.16 1.30
29 435 1.28 1.18 1.38
28 250 1.58 1.42 1.74
25-27 194 1.74 1.52 1.96
<24 60 2.30 1.85 2.75

was reflected in a decline in Mini-Mental State score
0.55 to 0.77 point greater than those for participants
with more education (table 3).

After adjustment for educational, male-female,
and other differences, the magnitude of cognitive de-
cline for the oldest subgroup of adults was reflected
in a Mini-Mental State decline 2.08 points greater
than for the youngest participants. Conversely, the
adjusted estimates for the male-female variable con-
stitute evidence that the initially observed male-fe-
male differences in magnitude of cognitive decline
were not independent of the other relationships that
link education, age, and other variables to cognitive
decline.

Whereas our advance hypotheses led us to expect
evidence of age- and education-related cognitive de-
cline in this study, we had thought that there would
be no variation in cognitive decline across race-eth-
nicity subgroups once we had adjusted for these
other differences and for wave 1 Mini-Mental State
score. Nonetheless, even with adjustments for these
other variables, there remained a tangible difference
between African American adults and the other (pre-
dominately white, non-Hispanic) adult household
residents of eastern Baltimore: the Mini-Mental State
scores of the African Americans declined by 0.78
point more than the scores of the other participants.
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TABLE 3. Regression Coefficients Indicating Differences in Decline in Mini-Mental State Score From Wave 2 (1982) to Wave 3
(1993-1996) of the ECA Study Between Reference Groups and Subgroups of the Baltimore Cohort

Unadjusted Adjusted
95% Confidence 95% Confidence
Interval Interval
Lower Upper Lower Upper

Variable Coefficient? Limit Limit Coefficient? Limit Limit
Age (years)

18-30 (reference group)

31-40 0.10 -0.20 0.35 0.11 -0.19 0.41

41-50 0.27 -0.11 0.65 0.19 -0.18 0.56

51-60 0.54 0.16 0.92 0.49 0.32 0.86

61-70 1.63 1.23 1.99 1.56 1.19 1.93

>71 2.24 1.63 2.86 2.08 1.45 2.71
Gender

Female (reference group)

Male -0.29 —-0.05 -0.53 -0.13 -0.35 0.09
Race

African American (reference group)

Other -0.53 -0.77 -0.29 -0.78 -1.01 -0.54
Education (years)

0-8 (reference group)

9-11 -1.10 -1.48 -0.72 -0.67 -1.04 -0.30

12 or general equivalency diploma -1.40 -1.72 -1.06 -0.77 -1.14 -0.40

13-15 -1.30 -1.72 -0.88 —-0.55 -0.98 -0.12

>16 -1.50 -1.98 -1.02 -0.58 -1.09 -0.07
Baseline (wave 1) Mini-Mental State score

(1-point increase) -0.13 -0.19 -0.07 -0.01 -0.07 0.05

2 A positive number indicates a greater decline in Mini-Mental State score than for the reference group; a negative number indicates a

smaller decline than for the reference group.

The observed evidence regarding the association be-
tween baseline Mini-Mental State score and later cog-
nitive decline also merits scrutiny. As shown in table 3,
before adjustment for other variables, a 1-point in-
crease in wave 1 score was associated, on average, with
0.13 point less decline between waves 2 and 3. Thus,
for example, participants with a wave 1 score of 27 ev-
idenced on average 0.13 point less decline than those
with a wave 1 score of 26 and 0.65 point less decline
than those with a wave 1 score of 22 (calculated by
multiplying 0.13 by 5, since 27-22=5). After adjust-
ment for age, education, race, and sex, there was no
longer a significant association between wave 1 Mini-
Mental State score and later decline.

DISCUSSION

This paper presents estimates of the magnitude of
cognitive decline after approximately 12 years in a
large general population sample of adults. The study
participants exhibited a mean decline of 1.41 points on
the Mini-Mental State, substantially greater than a 1-
point decline. Two-thirds of the sample exhibited at
least a 1-point decline on the Mini-Mental State during
this long time period. Virtually all demographic sub-
groups under study exhibited a decline. The mean de-
clines were greatest for persons aged 71 and older, for
those with 8 years or less of formal education, and for
African Americans. After adjustment for other vari-
ables, the mean declines were similar for men and
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women and across the range of baseline Mini-Mental
State scores.

The finding that older age is associated with
greater cognitive decline replicates prior results (6-9,
32). These analyses extend the age-decline relation-
ship to younger age groups and suggest that cogni-
tive decline occurs at all ages. While this result dif-
fers from the findings of the Seattle Longitudinal
Study (5), it is likely that the much larger size and
longer follow-up of the ECA cohort allowed detec-
tion of sustained small declines in cognition in
younger individuals.

The relationship between age and decline appeared
to be monotonic across the age groups, perhaps be-
cause the Mini-Mental State has limited dispersion.
Persons under age 31 declined less than 1 point per de-
cade. This rate of decline increased with each succes-
sive decade of life. After age 50, there was an accelera-
tion in decline by an additional 1.25 points for each
successive decade of life. By age 71, the mean declines
were above 3 points per decade, a value many observ-
ers would regard as clinically significant (32-34).

To illustrate the cumulative effect of these decline
rate estimates for an average individual we offer the
following example, using the estimates reported in
this paper and under an assumption of no strong co-
hort or period effects. A person with a Mini-Mental
State score of 29 (rounded up from an average of
28.60 for this select cohort) at age 25 would decline
0.98 point by age 37 (12 years later) to a score of 28
(rounded from 27.62), decline 1.08 points to a score
of 27 (rounded from 26.54) by age 49, decline 1.25
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points to 25 (rounded from 25.29) by age 61, and de-
cline another 2.62 points to a score of 23 (rounded
from 22.67) by age 73, for a total decline of almost 6
points (5.93) in a bit less than 50 years. For interpre-
tation, it might be useful to note that many clinicians
would consider a 3-4-point decline in Mini-Mental
State score as clinically significant (32-34), given
population Mini-Mental State norms (32) and rates
of Mini-Mental State decline in patients with Alzhei-
mer’s disease (33).

Nonetheless, the same cannot be said for a Mini-
Mental State decline of 1 point over 12 years, which
is quite small and at the level of the individual person
might well be artifactual. For example, a person
might lose 1 point on the Mini-Mental State simply
by failing to know the exact location of the study test
site or by forgetting a single item on a three-item re-
call task. One might then argue that a mean decline
of about 1 point in the younger age groups should be
interpreted as the consequence of such individual er-
rors or oversights. This effect might be compounded
by the fact that at wave 1 about 37% of the study
participants scored a perfect 30 on the Mini-Mental
State and had no room for increase at follow-up.
Counterbalancing this acknowledgment of possible
artifacts, there are good reasons to interpret these
Mini-Mental State declines as more than measure-
ment error.

First, small individual errors on the Mini-Mental
State due to “having a bad day” ought to be random
and not systematic (equally distributed among study
waves). The effect on mean estimates ought to aver-
age out across the population and across waves of as-
sessment. Second, the ceiling effect is limited to a mi-
nority of participants, those who at baseline scored
30 points. Third, there is a clear trend for the rate of
decline to increase in every successive age decade.
Fourth, any beneficial practice effects on the Mini-
Mental State score would be unlikely to last for 11.5
years and would tend to lead to higher, not lower,
Mini-Mental State scores. Fifth, this is a cohort of
survivors, and in the ECA sample, survival is in-
versely correlated with wave 1 Mini-Mental State
score (30), so that these decline figures may actually
underestimate true declines.

More education was associated with less cognitive
decline in this study, which lends support to specula-
tions about the value of education in relation to cog-
nitive decline (9, 26, 27). This association was re-
duced but remained significant after adjustment for
age, sex, race, and baseline cognitive functioning.
The presence of an association between education
and cognitive decline after adjustment for wave 1
Mini-Mental State score is of particular note since it
suggests that the impact of education on rate of cog-
nitive decline is not wholly mediated by cognitive re-
serve, in so far as reserve can be indicated by Mini-
Mental State score at baseline. However, this result
also might be interpreted as suggesting that receiving
more education is independently protective against
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later cognitive decline and that the association be-
tween education and slower decline is not simply a
reflection of education’s putative influence on cogni-
tive reserve.

The latter argument is further strengthened by the
fact that in these analyses the association between
education and later cognitive decline was not mono-
tonic. More education beyond the 9-year level was
not associated with additional reductions in decline.
This suggestion of a threshold for a benefit of educa-
tion is in line with the idea that for education to be
protective against later cognitive decline it has to be
of a certain minimal duration and to occur during a
critical period in life. Beyond such a critical period,
additional education might not confer additional
protection against cognitive decline later in life.
Given evolving knowledge in neuroscience about
critical periods in brain development, this might sug-
gest a mechanism for how education exerts a protec-
tive effect. Education might prevent loss of neuronal
connections and/or strengthen neuronal connections
in the brain thorough regular stimulation of higher
cognitive functions, in ways analogous to the manner
in which exposure to light prevents blindness in hu-
man eyes.

There are other potential explanations of the rela-
tionship between lesser educational attainment and
later cognitive decline. Persons of lower education
might be less able to earn an income sufficient for
maintaining good nutrition and health over the years.
Similarly, education is confounded with socioeconomic
class, so that this association may reflect a relationship
between socioeconomic class and cognitive decline.

We can do no more than speculate about reasons for
the race/ethnicity variations in cognitive decline. Per-
haps this finding reflects the limitations of the Mini-
Mental State as a measure of cognitive functioning in
African Americans. But it seems equally plausible that
the variation reflects chronic effects of hypertension,
cerebrovascular disease, and other insults to the brain,
more common among African Americans, traceable to
denial of access to health care, good nutrition, and
other benefits of material wealth and equity, among
other things.

Another potential explanation for race/ethnicity
variations is the nature of the truncated analytic
sample, because of cross-sectional sampling across
survivors in all age groups and also because of out-
migrations between wave 1 and the follow-up assess-
ments. To some extent, the out-migrations and losses
to follow-up stemmed from age-associated impair-
ments that prompted entry into nursing homes and
other facilities distant from Baltimore, to which we
could not send assessors for the in-person Mini-Men-
tal State testing. To the extent that African Ameri-
cans with cognitive impairments are more likely to
remain in community households or move to nearby
congregate housing facilities or nursing homes, they
would have been more likely to be seen in person and
tested. To the extent that white, non-Hispanic partic-
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ipants with cognitive impairment are more likely to
move to more distant facilities (e.g., in Florida), they
would not have been in the segment of the follow-up
sample that was tested with the Mini-Mental-State.
(We conducted telephone interviews with partici-
pants who moved more than about 150 miles away
but could not administer the Mini-Mental State over
the telephone.)

Lower Mini-Mental State scores on study entry
were associated with greater declines before adjust-
ment. However, after adjustment for other variables,
this association was no longer statistically signifi-
cant. The finding that wave 1 Mini-Mental State
score was not associated with decline after adjust-
ment for age, education, race, and gender was unex-
pected since it suggests that cognitive reserve in
adulthood is a less important predictor of decline
than previously believed. Nonetheless, we acknowl-
edge that the Mini-Mental State is not a superb mea-
sure of cognitive reserve.

A notable limitation of this study is the fact that it
was a sampling of survivors from a baseline cohort.
Other limitations are loss to follow-up and mortality
and limitations in the measurement of cognitive de-
cline. Cognitive functioning at baseline was a predic-
tor of both mortality and loss to follow-up in the
ECA study (30). Given that lower cognitive function-
ing was associated with greater cognitive decline,
these estimates of decline may be underestimates,
particularly for older age groups, in which the losses
to follow-up and mortality were greatest. Finally, as
mentioned previously, the Mini-Mental State is not a
sensitive measure of cognitive functioning, cognitive
change, or cognitive reserve. However, given its ease
of use and widespread application, it was the most
practical brief assessment of cognitive functioning at
the time the multisite ECA study was planned, in the
late 1970s.

We conclude that cognitive decline occurs across all
age groups and is greatest in older persons and among
those with less formal education. Increasing age and
less than 9 years of education early in life are associ-
ated with cognitive decline over the life span. Addi-
tionally, cognitive decline appears to be more rapid in
African Americans. An understanding of the precise
nature and mechanisms of the relationship between
these variables (and their relationship to other impor-
tant variables) invites further investigation, including
systematic replication.
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