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Objective.—Several cross-sectional studies have found an association between
Alzheimer’s disease (AD) and limited educational experience. It has been difficult
to establish whether educational experience is a risk factor for AD because edu-
cational attainment can influence performance on diagnostic tests. This study was
designed to determine whether limited educational level and occupational attain-
ment are risk factors for incident dementia.

Design.—Cohort incidence study.

Setting.—General community.

Participants.—A total of 593 nondemented individuals aged 60 years or older
who were listed in a registry of individuals at risk for dementia in North Manhattan,
NY, were identified and followed up.

Interventions.—We reexamined subjects 1 to 4 years later with the identical
standardized neurological and neuropsychological measures.

Main Outcome Measure.—incident dementia.

Results.—We used Cox proportional hazards models, adjusting for age and
gender, to estimate the relative risk (RR) of incident dementia associated with low
educational and occupational attainment. Of the 593 subjects, 106 became
demented; all but five of these met research criteria for AD. The risk of dementia
was increased in subjects with either low education (RR, 2.02; 95% confidence in-
terval [Cl], 1.33 to 3.06) or low lifetime occupational attainment (RR, 2.25; 95% Cl,
1.32 to 3.84). Risk was greatest for subjects with both low education and low life-
time occupational attainment (RR, 2.87; 95% Cl, 1.32 to 3.84).

Conclusions.—The data suggest that increased educational and occupational
attainment may reduce the risk of incident AD, either by decreasing ease of clinical
detection of AD or by imparting a reserve that delays the onset of clinical manifes-

tations.
(JAMA. 1994:271:1004-1010)

THE PREVALENCE of Alzheimer’s
disease (AD) seems to be higher in in-
dividuals with fewer years of educa-
tion.'® There are several possible ex-
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planations for these findings. Having a
lower educational level might in some
way cause AD or influence a causal fac-
tor.” Education may also provide pro-
tection or reserve against the clinical
manifestation of AD*!! as supported by
two studies of regional cerebral blood
flow in AD.*>3 However, individuals with
lower educational attainment may sim-
ply perform worse on the psychometric
tests used to diagnose dementia, while
those with higher education perform bet-
ter.” In one study there was no asso-
ciation between education and the risk

of dementia,'® but the subjects were pre-
dominantly well-educated individuals
who had reached medical attention.

The present analyses were designed
to clarify the role of education in a pro-
spective study of incident dementia. Be-
cause all subjects originally had the same
diagnostic evaluation and were judged
to be nondemented, the diagnosis of in-
cident dementia at follow-up necessar-
ily implies major decline from initial per-
formance and minimizes the chance of
misdiagnosing a nondemented individual
who could never have passed the diag-
nostic tests.

We hypothesized that education con-
tributes to the reserve against dementia
by supplying a set of skills or repertoires
that allow an individual to cope longer
before the clinical manifestations of AD
emerge. The relatively brief period of
life spent in school, however, might not
be as important as the individual’s life-
time occupation. To that end, we evalu-
ated both educational and occupational
experience as antecedent factors for in-
cident dementia.

METHODS
Subjects

Data were obtained from subjects par-
ticipating in a study of dementia in indi-
viduals aged 60 to 99 years who resided
in the Washington Heights and Inwood
communities of New York City. As part
of that study, we developed a registry of
unaffected subjects. Sources of subjects
included in the present analyses were as
follows: regional medical facilities (inpa-
tient and outpatient services and private
practitioners in the community) (14.7%);
nursing homes serving local residents
(2.7%), a state agency list of home care
recipients (21.7%); and senior centers and
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housing (4.6%). Some subjects volun-
teered or were self-referred (19.5%), and
some spouses of individuals identified
as cases were asked to participate as
controls (6.8%). In addition, some com-
munity residents were recruited based
onrandom sampling of a commercial list
and one obtained from the Health Care
Financing Agency (30%). Overall, the
refusal rate was approximately 30%,
with the largest percentage of referrals
coming from individuals contacted
through the random sampling of lists.
The Columbia University institutional
review board reviewed and approved
this project. All subjects provided writ-
ten informed consent.

The study design required that sub-
jects be evaluated yearly. Subjects in-
cluded in the current analyses met the
following criteria: (1) They were non-
demented at the baseline diagnostic
evaluation (described below); (2) they
had not had an acute stroke or Parkin-
son’s disease in the year prior to their
initial visit; and (3) they were seen for
at least one follow-up evaluation. All
subjects were at least 60 years of age at
baseline. While this study used individu-
als from the registry who were not de-
mented, many were identified from
medical settings or were self-referred
and may be considered at higher than
usual risk for becoming demented.

Diagnostic Evaluation

All subjects had the same standard-
ized evaluation at each study visit. The
neuropsychological battery'® took ap-
proximately 1 hour to complete and
contained tests of memory (short- and
long-term verbal'? and nonverbal'®); ori-
entation; abstract reasoning (verbal®®
and nonverbal®); language (naming,?
verbal fluency,?? comprehension®, and
repetition®); and construction (copying *
and matching'®), Test scores were evalu-
ated using a fixed paradigm’®: criterion
scores were applied to each test score,
and subjects performing below these
scores on two of the three aspects of
memory testing as well as two other
areas (orientation, language, abstract
reasoning, or construction) were con-
sidered to have sufficient cognitive defi-
cit to meet criteria for dementia.

A physician elicited each subject’s
medical and neurological history and con-
ducted a standardized physical and neu-
rological examination. All ancillary in-
formation, including medical charts and
reports of computed tomographic (CT)
or magnetic resonance imaging (MRI)
scans, if available, was included in the
evaluation. The presence of a history or
signs or symptoms of stroke was noted,
as well as the presence of diabetes or
hypertension. Prescribed medications
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were reviewed and recorded. Separate
from the neuropsychological testing, the
physician administered the short ver-
sion of the Blessed Memory Informa-
tion and Concentration Test® as well as
assessments of functional capacity or ac-
tivities of daily living, including the
Blessed Dementia Rating Seale (part I,
sections A and B)® and the Schwab and
England Activities of Daily Living
Scale.?

Trained interviewers administered a
set of screening items for depression,
psychosis, and aleohol abuse (Structured
Clinical Interview for DSM-III-R Di-
agnosis [SCID] screen?®), as well as the
Hamilton Depression Rating Scale,?%
Smeoking history was also obtained.

Evaluations were conducted in either
English or Spanish, based on the sub-
jects’ primary language and their opin-
ion of which language would yield bet-
ter performance.

Information from all of these evalua-
tions was presented at a diagnostic con-
ference of physicians and neuropsycholo-
gists, and a consensus diagnosis was made
for the presence or absence of dementia.
The diagnosis of dementia was based on
the criteria of the Diagnostic and Sta-
tistical Manual of Mental Disorders, Re-
vised Third Edition (DSM-I1I-R),*' and
required evidence of cognitive deficit,
based on the neuropsychological scores,
as well as evidence of impairment in so-
cial or occupational function, based on
the formal functional assessments, elic-
ited history, or both.

When dementia was diagnosed, all
available data were evaluated to deter-
mine the type of dementia present. For
the diagnosis of probable or possible AD,
we used the criteria of the National In-
stitute of Neurological and Communi-
cative Disorders and Stroke-Alz-
heimer’s Disease and Related Disorders
Association.® If there was no evidence
of any concomitant condition that could
contribute to the observed dementia, a
diagnosis of probable AD was made. If
subjects had clinical evidence or a his-
tory of stroke or had a lesion noted on
MRI, we distinguished between the
diagnoses of possible AD with concomi-
tant stroke and multi-infarct (or stroke-
related) dementia. We diagnosed multi-
infarct dementia only when there
appeared to be a clear temporal rela-
tionship between vascular events and
the onset of dementia. We operationally
defined this association as onset of de-
mentia within 8 months of the stroke.
For example, if a subject who was not
demented at the initial visit had a small
subcortical lesion visible on a scan that
predated the initial visit, subsequent in-
cident dementia would be diagnosed as
possible AD with concomitant stroke.
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On the other hand, a subject who was
not demented at the initial visit but sub-
sequently suffered a stroke and then
became demented would be diagnosed
with a stroke-related dementia. For the
purposes of the present analyses, this
differential diagnosis was aided by the
facts that no subject was demented at
the initial visit and that we excluded
subjects who had had an acute stroke
prior to the initial visit.

A modified Clinical Dementia Rating
(CDR)® was assigned to each subject.
For nondemented individuals, the CDR
rating was either 0, not demented, or
0.5, borderline dementia. The latter cat-
egory was assigned to subjects who did
not have sufficient cognitive deficit to
meet criteria for dementia according to
the fixed paradigm used to evaluate neu-
ropsychological test scores. However,
their test performance fell below many
of the paradigm’s eriterion scores and
they had evidence of mild functional
problems. Demented patients were as-
signed CDR scores of 1 or more, based
on the published criteria.

Neurologists who examined the sub-
jects were also members of the diagnos-
tic conference panel. The neuropsycho-
logical testers did not directly participate
inthe diagnostic conference, however. The
members of the diagnostic conference
were usually aware of the educational
but not the occupational attainment of
subjects. However, this did not influence
diagnosis of dementia because the pri-
mary dementia criterion, cognitive defi-
cit, was based on a fixed neuropsycho-
logical test score paradigm. In addition,
subjects were evaluated as part of alarger
study that was unrelated to the present
hypotheses.

Occupation

At the initial visit, the subject’s pri-
mary occupation was recorded and clas-
sified based on the following US census
categories: student, housewife, unskilled/
semiskilled, skilled trade or craft, cleri-
cal/office worker, manager business/gov-
ernment, and professional/technical. A
housewife who had been employed out-
side the home for a significant period of
her adult life (ie, >10 years) was clas-
sified according to that occupation.

Statistical Analysis

We used Cox proportional hazards
models* to assess relative risk (RR) of
incident dementia associated with edu-
cation and occupation. The subjeet’s age
was used as the reference point for the
relative timing of each diagnostic evalu-
ation. To adjust for possible cohort ef-
fects, however, follow-up Cox analyses
were recalculated stratified by age (di-
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Table 1.—Comparison of Demographics in Subjects
Who Were and Were Not Followed Up After Their
Initial Evaluation

Baseline

Demographic Follow-up Only
No. of subjects 593 210
Age, y, mean*=SE 74.0*+7.6 74.2+8.3
Gender, % female 72.9 68.6
Education, y, mean+SE 9.6+4.7 8.8+5.0*%
Education, high/low 329/264 102/108
Occupation, high/low 201/328 59/124

*t test, P<.05.

Table 2.—Demographics in Subjects Who Did and
Did Not Become Demented

No Incident Incident
Demographic Dementia Dementia

No. of subjects 487 106
Age, y, mean+SE 72.9+7.0 79.0+8.3
Gender, % female 72.7 73.6
Education, y, mean+SE 10.1+45 7147
Education, high/low 292/195 37/69
Occupation, high/low 184/256 17/71
Length of follow-up, y

=1 487 106

=2 350 53

=3 166 16

4 4 4

chotomized based on the median age to
=72 years and >72 years). All analyses
included gender as a covariate. Initial
analyses treated education as a continu-
ous variable. To aid in the interpreta-
tion of RR values and to investigate the
relative contributions of education and
occupation, educational level was di-
chotomized into low (<8 years) and high
(=8 years). For the analysis of occupa-
tion, we initially omitted the 51 subjects
who were classified exclusively as house-
wives and the eight whose occupation
was unknown, since these classifications
could not be fit directly into our social
class hierarchies. The remaining classi-
fications were grouped into low (un-
skilled/semiskilled, skilled trade or craft,
and clerical/office worker) and high
(manager business/government and pro-
fessional/technical) occupational levels.
Follow-up analyses treated the house-
wives as a third occupational group.
Initially, the RRs associated with low
education and low occupation were ana-
lyzed separately. To evaluate potential
interactions of risk associated with edu-
cation and occupation, these variables
were then included in the same Cox
model. In addition, subjects were divided
into four groups: low education and low
occupation, high education and low oc-
cupation, low education and high occu-
pation, and high education and high oc-
cupation. The RR of dementia was cal-
culated using the high-education and
high-occupation group as the reference
group. '
Life-table techniques® were also used
to calculate cumulative incidence of de-
mentia to a series of ages in the various
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Table 3.—Demographics in the Educational and Occupational Groups
]

Low High Low High
Demographic Education Education Occupation Occupation

No. of subjects 264 329 327 201
Age, y, mean*SE 75.1x7.6 73.2+7.6 74.0:7.7 73.3x75
Gender, % female 754 70.8 63.1 711
Education, y, mean*=SE 53+2.6 13.0x2.8 7.9+36 13.5+3.7
Education, high/tow - - 130/197 182/19
Occupation, high/low 19/197 182/130
Length of follow-up, y

=1 264 329 327 201

=2 185 237 219 158

=23 60 114 97 79

4 12 36 19 26

study groups. These calculations were
uncorrected for other covariates.

We used x? analyses to examine the
concordance of educational and occupa-
tional attainment and to compare fre-
quencies of potentially relevant covari-
ates in the educational and occupational
groups. Repeated measures analyses of
variance were used to examine change
in measures of function over time.

RESULTS
Subject Accrual and Follow-up

At least one follow-up evaluation was
performed on 593 individuals who were
not demented at the initial evaluation.
For subjects with more than one follow-
up evaluation, we used the last follow-
up period if the subject remained non-
demented. For incident dementia cases,
we used the first follow-up visit at which
dementia was documented.

We compared demographics of sub-
jectsrecruited through different mecha-
nisms. Distribution of age, gender, edu-
cation, and occupation was similar across
recruitment techniques.

A total of210 additional subjects were
not demented at the initial evaluation
and were not followed up. For 25 (12%)
of these 210 subjects, less than 1 year
had elapsed since the initial evaluation.
Reasons for failure to reevaluate the
others were death (41 [19.5%]), unavail-
ability for follow-up or relocation (65
[81%]), and refusal (79 [37.5%]). Mean
age and distribution of gender, educa-
tion (high vs low), and occupation did
not differ significantly in the groups that
were and were not followed up (Table 1).
Mean education was approximately 1
year lower in the group that was not
followed up (P<.05).

Incident Dementia

Of the 593 reevaluated subjects, 106
were diagnosed with dementia at follow-
up, an incidence rate of 86.7 per 1000
person-years. All but nine met criteria
for probable (66 subjects) or possible
(31 subjects) AD. All subjects were re-
tained in the analyses regardiess of de-

mentia subtype. Demographics of sub-
jects who did and did not become de-
mented are presented in Table 2. Table
3 presents demographics of subjects in
the high and low educational and occu-
pational groups.

When years of education was treated
as a continuous variable in a Cox analy-
sis, more years of education was asso-
ciated with a reduced risk of dementia
(RR, 0.92; 95% confidence interval [CI],
0.88t00.95). When education was strati-
fied into high and low educational groups
and compared by Cox analyses, lower
educational level was associated with a
higher RR of dementia; similarly, lower
occupational attainment was associated
with a higher risk of dementia (Table 4).

Educational level and oceupational at-
tainment were strongly related (x 131;
P<,001). However, these two areas of
life experience were sometimes incon-
gruent. A Cox model simultaneously con-
sidered the effects and interaction of
education and occupation. The interac-
tion effect was significant (RR,2.17;95%
CI, 1.40 to 3.36). To further explore this
interaction, subjects were assigned to
one of four education/occupation groups
and risk of dementia based on group
membership was evaluated in a Cox
analysis (Table 4). Risk of dementia was
highest in the low-education/low-occu-
pation group. Based on the criteria de-
scribed by Rothman,? the effects of edu-
cation and occupation meet criteria for
interaction on an additive or multipli-
cative scale, suggesting a synergistic ef-
fect of education and occupation.

The cumulative incidence rates of de-
mentia were higher in the low-education
and low-occupation groups. A similar
analysis for the four education/occupa-
tion groups also showed the highest cu-
mulative incidence rates in the low-edu-
cation/low-occupation group (Table 5).

Supplementary Analyses

Alternate Occupational Ratings.—
Our primary analyses for occupation ex-
cluded housewives, because we could
not readily include them in our strati-
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Table 4 —Summary of Cox Proportional Hazard Models for Predicting Incident Dementia by Education and

Occupation, Controlling for Age, Stratified as Old and Young, and for Gender
|

Total No. of No. of Incident Relative 95% Confidence
Group Subjects Dementia Cases Risk Interval

Education

Low 264 69 2.02 1.33-3.06

High 329 37 1 Reference
Occupation

Low 327 VAl 2.25 1.32-3.84

High 201 17 1 Reference
Education/occupation

Low/low 197 49 2.87 1.55-5.30

High/low 130 22 1.61 0.84-3.45

Lowr/high 19 4 1.32 0.44-4.15

High/high 182 13 1 Reference

fication. To further explore the risk of
dementia in this group, we recalculated
the Cox analysis for occupational level
after including housewives as a third
category (ie, high, low, and housewives).
Both the low-occupation and housewives
groups had increased risk of dementia
(RR, 2.25; 95% C1, 1.32 to 3.84; and RR,
2.66; 95% CI, 1.33 to 5.33, respectively).
When the low-occupation and house-
wives groups were combined, their RR
of dementia was 2.32 (95% CI, 1.37 to
3.91), which was similar to that of the
low-occupation group alone.
Investigation of Assessment Bias.—
Even though none of the subjects in this
analysis were demented at first evalu-
ation, subjects with lower educational
or occupational attainment might have
performed worse on neuropsychological
tests at their initial visit and would have
been closer to the dementia cutoff scores.
In fact, the frequency of the diagnosis of
borderline dementia (CDR, 0.5) at the
initial evaluation was higher in the lower
educational and occupational groups.
Sixty (22.7%) of the low-education and
29 (8.8%) of the high-education subjects
received this diagnosis. Similarly, 64
(19.6%) of the low-occupation and nine
(4.5%) of the high-occupation subjects
received this diagnosis. For subjects in
the lower educational and occupational
groups, a smaller decline in performance
would lead to classification as incident
dementia than for those in the higher
educational and occupational groups.
We therefore eliminated the 89 sub-
Jjects with an initial diagnosis of border-
line dementia from the Cox analyses to
decrease the possibility that incident de-
mentia was simply a result of small
changes in test performance. The find-
ings were essentially unchanged. In the
Cox analyses, the RR of incident de-
mentia in the low-education group was
2.40(95% CI, 1.39t0 4.15) and in the low-
occupation group, 2.48 (95% CI, 1.26 to
4.87). In a Cox model that simultaneously
considered the effects of education and
occupation and their interaction, the in-
teraction effect was significant (RR, 2.17,

IARMA Anril & 404 VAl 271 N~ 12

95% CI, 1.40 to 3.36). Analysis of the
four separate education/occupation
groups was again suggestive of an in-
teraction. In the low-education/low-oc-
cupation group the RR for dementia was
3.50 (95% CI, 1.64 to 7.47); the RR for
the high-education/low-occupation group
was 1.38 (95% CI, 0.54 to 3.49); and for
the low-education/high-occupation group
the RR was 1.13 (95% CI, 0.24 to 5.24).
We also examined change in functional
capacity as a method of validating
whether the diagnosis of dementia was
biased in the low-education or low-oc-
cupation group. Since change in cogni-
tion was the primary determinant of in-
cident dementia, we reasoned that a con-
comitant change in functional capacity
would corroborate the new diagnosis.
We therefore examined changes in
Blessed Dementia Rating Scale scores
from baseline to the follow-up visit us-
ing a repeated measure multivariate
analysis of variance with the following
effects: education (high vs low), incident
dementia (no vs yes), and time (baseline
vs follow-up) (Figure). The incident de-
mentia effect was significant (F, 95.69;
P<.001); functional capacity was worse
in the subjects who became demented.
There was also a significant time effect
(F', 58.1; P<.001) as well as an incident
dementia by time interaction (F, 9.59;
P<.002); functional capacity worsened
significantly in the incident dementia
group only. No other main or interac-
tion effects were significant.
Evaluation of Possible Age Cohort
Effects.—Werecalculated all Cox analy-
ses stratified by age to account for pos-
sible cohort effects. Results were com-
parable in each case, with only slight
changes in RR values. When education
was treated as a continuous variable,
more years of education was associated
with reduced risk of dementia (RR, 0.92;
95% CI, 0.88 to 0.96). For education as
adichotomous variable, lower education
was associated with a higher RR of in-
cident dementia (RR, 2.04; 95% CI, 1.35
to 3.10); for low occupation the RR was
2.11 (95% CI, 1.24 to 3.60). When edu-
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Table 5.—Comparisons of Estimated Cumulative
Incidence Rates of Dementia by Age*

Cumulative Incidence
Rate (SE) by Age, y

{ 1
Group 75 80 85

Education
Low 0.19 0.32 0.58
{0.03) (0.04) {0.06)
High 0.09 0.18 0.28
(0.02) (0.04) (0.07)
Occupation
Low 0.19 0.31 0.54
(0.03) (0.04) {0.06}
High 0.04 0.15 0.38
{0.02) (0.05) (0.10)
Education/occupation
Lowflow 0.22 0.36 0.60
(0.04) (0.05) (0.07)
High/low 0.15 0.21 0.41
(0.04) (0.06) (0.10)
Low/high 0.06 0.17 017
(0.06) 0.11) (0.11)
Highvhigh 0.03 0.14 0.33
(0.02) (0.05) {0.12)

.|

*Rates are based on life-table analyses, unadjusted
for the covariates. Values in parentheses are standard
errors.
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Mean scores on the Blessed Dementia Rating
Scale (BDRS) (part |, sections A and B) at baseline
(shaded bars) and at follow-up {open bars) for sub-
jects with low (<8 years) and high {=8 years) edu-
cational attainment. Higher scores indicate in-
creased difficulty with functional activities of daily
living.

cation, occupation, and their interaction
were considered simultaneously, the in-
teraction effect was significant (RR, 2.06;
95% CI, 1.33 to 3.19). Analysis of the
four separate education/occupation
groups was again suggestive of an in-
teraction. In the low-education/low-oc-
cupation group the RR for dementia was
2.65 (95% CI, 1.43 to 4.94); the RR for
the high-education/low-occupation group
was 1.61 (95% CI, 0.79 to 3.27); and for
the low-education/high-occupation group
the RR was 1.32 (95% CI, 0.43 to 4.09).

Evaluation of Evidence for Multi-
infarct Dementia.—We used several ap-

414NN7


http://jama.ama-assn.org/

Table 6.—Percentage of Subjects Who Reported Each Atherosclerotic Risk Factor at the First Evaluation*
.|

Atherosclerotic Low High Low High No Incident Incident
Risk Factor Education Education Occupation Occupation Dementia Dementia
Smoking 39.3 47.9t 45.0 48.0 45.0 40.2
Hypertension 52.5 43.81 52.4 39.9t 46.3 54.5
Diabetes 21.2 14.1% 20.5 10.01 16.2 21.9

L _________________________________________|
*x? comparisons of the relative frequency of the risk factors were calculated for subjects with low and high
educational and occupational attainment and for subjects who did and did not become demented.

tx?, P<.05.

proaches to investigate the possibility
that our findings could be explained by
differences in the contribution of cere-
brovascular disease.

We first examined the distribution of
stroke-related dementia in the incident
dementia cases. Among the 106 incident
dementia cases, one subject met our cri-
teria for the diagnosis of stroke-related
or multi-infarct dementia and 22 received
the diagnosis of possible AD with con-
comitant stroke. The diagnosis of de-
mentia with stroke was slightly more
frequent among the high-education
group (14.5% of the subjects in the low-
education group and 32.4% in the high-
education group [¥?, 4.7; P<.05]). There
was no difference in the frequency of
dementia with stroke between the two
occupational groups (21.1% of the low-
occupation subjects and 29.4% of the
high-occupation subjects [x?, 0.54; not
significant (NS)]).

We next examined the prevalence of
preexisting stroke at the initial visit
based on history, neurological examina-
tion, and scans when available. Forty-
two subjects were identified who had a
history or evidence of stroke in the past.
A higher frequency of strokes was noted
at baseline in the subjects with lower
education; 25 (9.5%) of 264 subjects with
low edueation and 17 (5.2%) of 329 sub-
jects with high education had preexist-
ing stroke (x%, 4.12; P<.05). Similarly,
more subjects in the low-occupation
group had evidence of stroke at base-
line; 30 (9.2%) of the 327 low-occupation
and seven (4.5%) of the 201 high-occu-
pation subjects had had strokes (x?,6.19;
P<.05). To evaluate the possible con-
tribution of the presence of preexisting
stroke at baseline to the incidence of
dementia, we included it as a covariate
in the Cox analyses. Results remained
virtually unchanged. The RR of inci-
dent dementia in the low-education
group was 1.98 (95% CI, 1.31 t0 2.99). In
the low-occupation group, the RR of in-
cident dementia was 2.21 (95% CI, 1.29
to 3.77). Preexisting stroke was inde-
pendently associated with an increased
RR of incident dementia in this model
(RR,2.01;95% CI,1.05 to 3.83). In a Cox
model that simultaneously considered
the effects of education and occupation
and their interaction, the interaction ef-
fect was significant (RR, 2.17; 95% CI,
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1.40 to 3.36). Stroke was not associated
with significantly increased RR of inci-
dent dementia in this model. In the analy-
sis of the four separate education/occu-
pation groups, using the high-education/
high-occupation group as the reference,
the RR of incident dementia in the
low- education/low-occupation group was
2.78 (95% CI, 1.51 to 5.17); the RR for
the high-education/low-occupation group
was 1.70 (95% CI, 0.84 to 3.46), and for
the low-education/high-occupation group
the RR was 1.36 (95% CI, 0.44 to 4.18).
Preexisting stroke was again indepen-
dently associated with an increased RR
of incident dementia in this model (RR,
1.92; 95% CI, 1.01 to 3.68). There were
no significant interactions between edu-
cational or occupational attainment and
preexisting stroke in any of the models
calculated.

Despite these observations, CT or MRI
scans were not elicited for this study,
and scans for only 83 subjects were avail-
able for review. Availability of scans was
not related to educational or occupational
attainment: scans were available for
12.9% of the low- and 14.9% of the high-
education group (x%, 0.49; NS) and
for 13.8% of the subjects with low and
12.4% of the subjects with high occupa-
tional attainment (x2 0.19; NS). Similarly,
availability was unrelated to the four
occupation groups: low education/low oc-
cupation, 10.7%; high education/low occu-
pation, 18.5%; low education/high occu-
pation 15.8%; and high education/high
occupation, 12.1% (x?, 4.54; NS). Still, to
further address the possibility of in-
creased multi-infarct dementia as in the
low-education/low-occupation subjects as
an explanation for our findings, we used
the three atherosclerotic risk factors—
hypertension, smoking, and obesity—as
markers of possible atherosclerotic dis-
ease. The distribution of these risk fac-
tors as a function of educational and oc-
cupational status and incident dementia
is shown in Table 6. More of the subjects
in the high- than in the low-education
groups had been smokers at some time;
diabetes and hypertension were more
commonin the low-education group. More
of the subjects with lower occupational
attainment had hypertension and diabe-
tes. The distribution of these risk factors
did not differ in subjects who did and did
not become demented.

We recalculated all Cox models in-
corporating the risk factors as covari-
ates to see if they influenced the asso-
ciation of educational and occupational
attainment with incident dementia. Re-
sults were essentially unchanged. The
RR of incident dementia in the low-edu-
cation group was 2.12 (95% CI, 1.35 to
3.34); none of the risk factors were as-
sociated with significant RRs. In the
low-occupation group, the RR of inci-
dent dementia was 2.55 (95% CI, 1.38 to
4.71); hypertension was also associated
with an elevated RR of dementia in this
model (RR, 1.71; 95% CI, 1.07 to 2.74).
In a Cox model that simultaneously con-
sidered the effects of education and oc-
cupation and their interaction, the in-
teraction effect was significant (RR,2.17;
95% C1, 1.40 to 3.36). In the analysis of
the four separate education/occupation
groups, using the high-education/high-
occupation group as the reference, the
RR of incident dementia in the low-edu-
cation/low-occupation group was 3.13
95% CI, 1.56 to 6.28); the RR for the
high-education/low-occupation  group
was 1.87 (95% CI, 0.83 to 4.19), and for
the low-education/high-occupation group
the RR was 1.28 (95% CI, 0.35 to 4.67).
Hypertension was again associated with
increased RR of incident dementia in
this model (RR, 1.63; 95% CI, 1.01 to
2.62). There were no significant inter-
actions between educaticnal or occupa-
tional attainment and hypertension.

Analysis of Risk Factors in Prob-
able AD vs Other Dementia Diag-
noses.—We also calculated the Cox
analyses eliminating all incident demen-
tia patients except the 66 patients with
the diagnosis of probable AD. Results
were comparable to or stronger than
those noted when all incident dementia
patients were included. Alternately,
when subjects with pure AD were elimi-
nated from the analyses and only the
other 40 demented patients were in-
cluded, the RR of incident dementia
associated with lower educational or oc-
cupational attainment was not signifi-
cantly increased.

COMMENT

Our findings suggest that educational
and occupational attainment can influ-
ence the risk of AD. When these two
aspects of life experience were consid-
ered simultaneously, the risk of demen-
tia was highest for people with both low
education and low occupation.

The concept of a “reserve” that pro-
tects against AD must be weighed against
the alternate possibility of a detection
bias. Standard diagnostic tests may de-
tect dementia more easily in individuals
with lower educational or occupational
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attainment, resulting in earlier diagno-
sis. Katzman®®¥ posed the issue:

The question is whether no or low education
enables the clinician to diagnose dementia at
an earlier point in time . . ., in which case the
education effect would confound our diag-
nostic eriteria, or whether the lack of educa-
tion promotes earlier onset of symptoms. . .,
constituting a true risk factor for clinical ex-
pression of dementia.

He argued that careful application of
DSM-III-R criteria to dementia re-
duces the likelihood of a spurious effect
of educational level because impairment
in more than one cognitive domain and
functional impairment are required. In
the present study we required evidence
of impairment in three cognitive do-
mains as well as functional incapacity.
Further, the diagnosis of dementia at
follow-up was based on subjects’ scores
on the same neuropsychological tests
that had previously not rated them as
demented. Although there is some in-
herent variability in performance on
neuropsychological tests, the perfor-
mance of a nondemented individual
should remain stable for 1 to 3 years.

We also used two approaches to
evaluate possible sources of diagnostic
bias. Because performance on our tests
correlates with educational level,'® sub-
jects with lower levels of education or
occupation might have performed at
levels closer to dementia cutoff scores
at first evaluation. They would later be
diagnosed with dementia after smaller
declines in performance than those of
subjects with higher educational or oc-
cupational attainment. We therefore
eliminated subjects with scores indicat-
ing borderline dementia (CDR, 0.5).
This ensured that incident dementia
was not simply a function of some small
(and perhaps chance) variation in test
scores and required a more substantial
change in performance for the diagno-
sis of dementia. Analyses with this
trimmed set of patients replicated the
findings in the complete cohort.

We also evaluated the validity of the
dementia diagnoses by investigating
functional decline. Although evidence of
social or occupational dysfunction was
also required, no formal cut points were
established for the functional measures,
and diagnosis relied heavily on neuro-
psychological tests. The functional mea-
sures are therefore relatively indepen-
dent validators of dementia. Functional
scores in the newly demented patients
from both high and low educational
groups declined significantly from base-
line values.

These results imply that higher inci-
dence of dementia in the low-education/
low-occupation group is not simply a
result of detection bias, but that possi-
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bility still remains. It may have been
more difficult to detect dementia in
subjects with high education or occupa-
tion because of the sensitivity of the
neuropsychological tests. However, to
the extent that the diagnosis of demen-
tia corresponds to changes in perfor-
mance that disrupt daily activities, the
concept of detection bias complements
that of reserve.

We addressed in several ways the
possibility that the association of edu-
cation and occupation with incident de-
mentia might be due to increased multi-
infarct dementia in lower educational
and occupational groups. Of the sub-
jects who became demented, a higher
proportion of the high-education sub-
jects received a diagnosis of stroke-
related dementia or possible AD with
concomitant stroke, suggesting that
higher incidence of dementia in the low-
education group was not stroke related.
The frequency of dementia with stroke
did not differ as a function of occupa-
tional attainment.

We investigated the frequency of pre-
existing strokes at the initial visit and
found that they were more common in
the groups with lower education and oc-
cupation. Cox analyses that controlled
for the presence of stroke at baseline still
demonstrated the increased RR of inci-
dent dementia associated with lower
educational and occupational attain-
ment. The presence of stroke was inde-
pendently associated with increased RR
of incident dementia in most models, but
there was interaction between stroke
and educational or occupational attain-
ment. When the subjects with preexist-
ing stroke were eliminated from the Cox
analyses, the relationship between low-
education/low-occupation and incident
dementia was unchanged.

While CT or MRI scans were not
available for all subjects, the availability
of the scans did not differ as a function of
education or occupation. Still, it is pos-
sible that we did not detect cerebrovas-
cular disease in some subjects. We there-
fore used atherosclerotic risk factors as
markers of possible atherosclerotic dis-
ease. In Cox models that controlled for
these risk factors, the RR of incident
dementia associated with education and
occupation was unchanged. Also, there
was no interaction between the risk fac-
tors and education or occupation. The
presence of hypertension was weakly
but independently associated with inci-
dent dementia. The role of cardiovascu-
lar disease in late-onset dementia re-
mains controversial.?*® Nonetheless,
our analyses indicate no relationship be-
tween the effects of low education/low
occupation and hyptertension, suggest-
ing that they are independent.

Influence of Education and Occupation on AD—Stern et al

In sum, none of our analyses support
the possibility that increased incidence
of dementia in the low eduecational or
occupational groups was a function of
differential risk for stroke-related de-
mentia.

Overall, the incident rate of dementia
in our cohort was 86.7 per 1000 person-
years, which is quite high relative to
other reports. This may in part be
related to the techniques used to ac-
quire subjects. A high proportion of our
subjects were recruited from sources
that would be more likely to serve indi-
viduals at higher risk for dementia. The
observed incidence of dementia herein
most likely represents the characteris-
ties of a high-risk sample. We cannot
definitively exclude the possibility that
the recruitment process in some way
influenced the observed effects of edu-
cation and occupation. However, we
have no evidence of differential partici-
pation or follow-up rates based on edu-
cational or occupational attainment.
Also, the design of the incidence study
and supplementary analyses ensures
that our observations are not simply the
result of diagnostic bias.

Although it may appear unlikely that
aspects of life experience could impede
the development of the pathological
changes of AD, Friedland’ suggested
that cerebral activation from life expe-
rience might interfere with the physi-
ological events that interact to cause
AD. Alternatively, life experiences may
not be risk factors in and of themselves
but may be related to some unknown
causal factor. Education and occupation
might then be surrogate markers for
the actual risk factor.

Advanced educational and occupa-
tional attainment may also supply a re-
serve that allows an individual to cope
longer before AD is clinically ex-
pressed. This reserve could be an ac-
quired set of skills or repertoires®! or
could be the result of increased synap-
tic density in neocortical association
cortex acquired on the basis of stimula-
tion.® Our data are consistent with a re-
serve hypothesis. Education and occu-
pation may simply measure potential
present at birth. This possibility would
not have a differential effect on our
findings. However, low education and
occupation made additive contributions
to the risk of dementia, supporting the
concept that reserve is modulated by
different aspects of life experience.

The reserve hypothesis would also
predict that in patients with similar
clinical severity, AD pathology would
be more severe in those with more edu-
cation. We have tested this prediction in
a separate set of studies of patients with
established diagnosis of AD. Using xe-
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non regional cerebral blood flow, we as-
sessed perfusion in the parietotemporal
area as an index of AD pathology be-
cause both regional cerebral blood
flow® and positron emission tomogra-
phy studies® have implied a character-
istic impairment of parietotemporal
perfusion and metabolism that is rela-
tively specific for AD, correlates with
disease severity, and is homologous
with areas of AD histopathology. In pa-
tients with comparable clinical severity
of dementia, increasing years of educa-
tion was related to decreased parie-
totemporal perfusion, supporting our
hypotheses.'? In a later study, we in-
corporated information about the pa-
tients’ primary lifetime occupations.’®
After controlling for age and clinical se-
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