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Increased Risk of Mortality in Alzheimer’s
Disease Patients with More Advanced
Educational and Occupational Attainment

Yaakov Stern, PhD,*1# Ming Xi Tang, PhD,*t Jean Denaro, MA,* and Richard Mayeux, MD, MSE*1#

A reserve hypothesis suggests that clinical symptoms of Alzheimet’s disease (AD) begin earlier in individuals with less
education. Therefore, patients with less education might survive longer after diagnosis than those with more education.
Two hundred forty-six subjects with probable AD were followed for 1 to 4 years. There were 78 deaths; 30 deaths
occurred in the 127 patients whose education was =8 vears, while 48 deaths occurred in the 119 patients with >8
years of education. Cox proportional hazards models adjusted for age, gender, and clinical dementia rating (CDR)
showed that patients with more education had increased mortality (continuous variable: RR = 1.06 for each year of
education; 95% confidence interval [CI1, 1.01-1.11; dichotomous variable at 8 yr: RR = 1.76; CI, 1.11-2.77), This
observation might at first seem counterintuitive, since groups with lower socioeconomic status are often at greater
mortality risk. It implies that at any level of assessed clinical severity, the underlying pathology of AD is more
advanced in patients with more education, resulting in shorter duration of diagnosed disease before death. These
findings suggest either that education systematically influences global ratings of disease severity or that education

provides a reserve against the clinical manifestation of AD pathology.

Stern Y, Tang MX, Denaro J, Mayeux R. Increased risk of mortality in Alzheimer’s disease patients with
more advanced educational and occupational attainment. Ann Neurol 1995;37:390-595

It has been hypothesized that educational and occupa-
tional atrainment (EQA) may influence the clinical ex-
pression of Alzheimer's disease (AD) [1-4]. Several
investigators have reported higher prevalence of de-
mentia in elders with lower EQA [5—10]. Although
one group reported no relation between EQA and inci-
dent dementia [11], we have reported that lower EOA
is associated with increased incidence {12} We have
hypothesized that EOA provides a reserve against de-
mentia, in that patients with higher EQA can cope with
advancing disease pathology more effectively by main-
taining function longer. If this is the case, for any level
of clinical severity, AD pathology would be more ad-
vanced in patients with higher EQA. This hypothesis
led us to investigate rates of mortality in patients with
pAD as a function of EOA. We predicted that in pa-
tients matched for clinical severity, higher EOA would
be associated with more rapid mottaliry.

Materials and Methods

Subjects

Data were obtained from'a study of dementia in the elderly
who reside in the Washington Heights and Inwood commu-
nities of New York City. We developed a registry of patients
with AD based on referrals and screening of elders from

regional hospitals {including inpatient and outpatient ser-
vices), private practitioners in the community, federal and
state health agencies, health maintenance organizations, and
senior centers. Thus, the regisuy attempted to identify all
prevalent cases of dementia in the community. Nonde-
mented elders from the community were also recruited and
followed as controls. The Columbia University institutional
review board reviewed and approved this project. All sub-
jects provided written informed consent.

The study desigh required that subjects be evaluated
yearly. Subjects included in the current analyses met the fol-
lowing criteria; {1} They met criteria for probable AD at the
baseline diagnostic evaluation; (2} they had not had an acute
stroke or Parkinson’s disease; and (3) they had at least one
follow-up evaluation and/or reliable information was available
for the dare of subsequent death,

To investigate the potential effect of educational and occu-
pational atrainment on survival in nondemented individuals,
subjects who were not demented at the baseline diagnostic
evaluation were included as & comparison group. This group
met the other inclusion criteria described above.

Diagnostic Bvaluation

All subjects received the same standardized diagnostic evalu-
ation. Evaluations were conducted in either English or Span-
ish, based on the subjects’ primary language and their opinion
of which language would vield better performance. The diag-
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nostic evaluation has been described previously {12, 131 It
included a neuropsychological test battery, a standardized
medical/neurclogical evaluation, and assessments of func-
tional capacity and mood.

Information from all of these evaluations was presented at
a diagnostic conference of physicians and neuropsychologists,
and a consensus diagnosis was made. The diagnosis of demen-
tia was based on Diagnostic and Statistical Mannal of Mental
Disorders (3rd edition, revised) criteria {14] and required evi-
dence of cognitive deficit, based on the neuropsychological
scores, as well as evidence of impairment in social or occupa-
tional function, based on the formal functional assessments,
elicited history, or both. In addition, aspects of physicians’
examination or history and psychiatric evaluations were eval-
nated to determine the type of dementia present. For the
diagnosis of probable or possible Alzheimer’s disease, we
used the criteria of the National Institute of Neurological
and Communicative Disorders and Stroke—Alzheimer’s Dis-
ease and Related Disorders Association {15}, A Clinical De-
mentia Rating (CDR) [16] was assigned to reflect severity.

Occupation

At the initial visit, the subject’s primary occupation was re-
corded and classified based on the following US census cate-
gories: student, housewife, unskilled/semiskilled, skilled
trade or craft, clerical/office worket, manager business/gov-
ernment, and professional/technical. A housewife who had
been employed for a significant period of her adult life {i.e.,
more than 10 yr) was classified according to that occupation.

Moriality

We often received mortality information from the original
referral source (e.g., nursing home, physician). We learned
of other subjects’ deaths when attempting to complete annual
follow-up. For patients who could not be contacted for fol-
low-up and were otherwise lost to follow-up, death informa-
tion was obtained as available through the National Death
Index.

Statistical Analysis

We used Cox proportional hazards models [17] to assess
relative risk (RR) of morrality associated with education and
occupation. The Cox analyses were structured to evaluate
the time from the initial evaluation to death. Patients who
did not die were treated as censored observarions from the
time of their last follow-up evaluation. For the initial analysis
of the RR of death associated with education, years of educa-
tion was treated as a continuous variable. To simplify inter-
pretation of RRs associated with education and of possible
interactions between education and other variables, educa-
tion was then dichotomized into low (8 or less years) and
high (more than 8 years) for all subsequent analyses. For
the analysis of occupation, subjects who were classified as
housewives only (n = 44), other (n = 9}, or unknown (n
= 3) were omitted, since these classifications could not be fit
directy into accepted social class hierarchies. The remaining
classifications were grouped into low (unskilled/semiskilled,
skilled trade or craft, and clerical/office worker) and high
(manager business/government and professional/technical)
occuparional levels.

The baseline CDR score was included as a covariate in the
Cox analyses to control for disease severity. The CDR was
selected since this measure stages patients based on a group
of functional domains rather than on performance on a partic-
ular instrument. Based on preliminary analyses, the CDR
rating was dichotomized into mild (CDR = 1) and moderate
to terminal (CDR > 1). Age at the initial visit and gender
were also included as covariates in all analyses.

Initially, the RRs associated with low education and low
occupation were analyzed separately. To evaluate potential
interactions of risk associated with education and occupation,
these variables and their interaction were then included in
the same Cox model. In addition, subjects were divided into
the following four groups: low education and occupation,
high education and low occupation, low education and high
occupation, high education and high occupation and separate
Cox analyses conducted using subjects with high education
and occupation as the reference group.

Results

Subject Accrual and Follmw-up

There were 448 subjects who met criteria for pAD
at the baseline evaluation. Basic demographic data are
summarized in Table 1. Follow-up data were available
for 246 patients. Of the remaining 202 patients, 127
were not yet due for their 1-year follow-up, 20 refused
follow-up, 23 could not be located, 5 moved cut of the
study area, and 25 had an evaluation pending that had
not yet been scheduled. The subjects who were and
were not foliowed did not differ in educational or occu-
pational attainment. However, the subjects who were
not followed were slighdy but significantly younger,
and their dementia severity, based on CDR, short
Blessed, and Blessed Dementiz Rating Scale (BDRS)
was slightly but significantly lower {see Table 1).

In the 246 patients for whom follow-up data were
available, there were 78 deaths. The distribution of
demographic variables in patients who did and did not
die are presented in Table 2. Immediate cause of death

Table 1. Comparison of Patients Who Were

and Were Not Followed

Followed  Not Followed

(SD) {8D) <
n 246 202
Age ar intake {yr) 83.9(7.3) 81.3(8.2) 0.01
Gender (M/F) 61/185 49/153 NS
Education (yr) 6944 6.945s) NS
Education (low/high) 168/78 138/64 NS
Occupation (low/high)  163/22 141/18 NS
CDR {1/>1) 122/124 149/53 0.01
Short Blessed 17.9 (7.2 161 {1.8) 0.05
BDRS 7.4 (5.1) 5.1 (4.4) 0.01

2 values are for £ tests or x° tests as appropriate,

SD = standard deviation; CDR = Clinical Dementia Rating; BDRS
= Blessed Dementia Rating Scale.
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Table 2. Comparison of Patients Whe Did and Did Not Die
Did Not Die Died

(8D) (SD) P <
n 168 78
Age atintake (yr)  829(73)  861(7.3) 001
Gender (M/F) 35/133 26/52 0.05
Educadon (yr) 6.3 4.1} 8.3 (4.9) 0.01
Education (low/high)  125/43 43/35 .01
Occupation (low/high) 114/10 49/12 0.05
CDR {1/>1) 104/64 18/60 0.01
Short Blessed 16.8 (6.9) 209 (7.1) 0.01
BDRS 6.0 4.7y 10.3 (4.9 .01

p values are for ¢ tests or X° tests as appropriate,

SD = standard deviation; CDR. = Clinical Dementia Rating; BDRS
= Blessed Dementia Rating Scale.

was available for 39 subjects and included pneumonia
(4 in the low education group/2 in the high education
group), other infection (1/0), myocardial infarction
{5/3), other cardiovascular (3/3), other cardiopulmo-
nary (4/4), cerebrovascular (0/1), Alzheimer’s disease
(0/1), and other (5/3). Thus, the distribution of causes
of death appeared comparable in the high and low edu-
cation groups.

Cox Analyses

The predictive effects of gender, CDR, education, and
occupation were evaluated with separate Cox propor-
tional hazards models. A higher RR of death was asso-
ciated with male gender (RR = 2.0; 95% conhdence
interval [CI], 1.2-3.2), CDR > 1 (RR = 3.2; 95%
Cl, 1.9-5.5), more years of education (RR = 1.1;

Fig 1. Survival curve comparing cameulative survival in Alzbei-
mer’s disease patients with high (=8 yr) and low (=8 yr) of ed-
weation. Curves ave based om Cox analyses, which control for
age, gender, and Clinical Dementia Rating,

1.0—1.1), and higher occupational attainment (RR =
2.2, 1.1-4.3). When education was dichotomized into
8 or less years and 9 years or more, greater education
was also associated with an increased RR of death (RR
= 1.9; 1.2-3.0}.

When CDR, education, gender, and age at the initial
visit were simultaneously inchided in a Cox model, all
but age made significant contributions. As expected,
individuals with CDR > 1 had an increased risk of
mortality (RR = 3.1; 95% CI, 1.8-5.3}). Men had in- -
creased risk of mortality (RR = 1.8; 1.08-2.9), Age
was not associated with significantly increased risk (RR
= 1.0; 0.9-1.1). Finally, patients with more years of
educaton had increased risk (RR = 1.1; 1.01-1.2).
When education was treated as a dichotomous variable
in the model, greater education was also associated
with an increased KR of death (RR = 1.8; 1.1-2.8)
(Fig 1).

In a similar way, when CDR, occupation gender, and
age were simultanecusly included in 2 Cox model, all
made significant conttibutions. Individuals with CDR
> 1 had an increased risk of mortality (RR = 2.9; 95%
Cl, 1.6-5.2). Men had increased risk of mortality (RR
= 2.1; 1.3-3.6) as did older subjects (RR = 1.04;
1.0-1.1). Finally, patients with higher occupational
attainment had increased risk (RR = 2.0; 95% (I,
1.0-3.9) (Fig 2).

To evaluate the differential contribution of educa-
tion and occupation to the prediction of mortality, edu-
cation, occupation, and their interaction were included
in a forward stepwise Cox regression model that con-
trolled for age, CDR, and gender. In this analyses,
education remained significant (RR = 2.3; 959% (I,
1.4-3.9), bur occupation and the interaction of educa-
tion and occupation did not enter into the model. We
also divided patients into four education/occupation
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Fig 3. Survival euvve comparing cumulative survival in Alzbei-
mer’s disease patients classified into four groups based on educa-
tional and occupational attainment, Curves are based on Cox
analyses, which control for age, gender, and Clinical Dementia
Rating,

groups. There were 113 subjects in the low education/
occupation group, 30 with high education and low oc-
cupation, 5 with low education and high occupation,
and 17 with both high education and occupation. Re-
sults are illustrated in Figure 3. In comparison with the
patients with low education and occupation, those with
high education and occupation had significantly ele-
vated risk of mortality (RR = 3.2; 95% CI, 1.5-7.0).
The high education/low occupation group also had sig-

nificantly elevated risk of mortality (RR = 2.4; 95%
ClI, 1.4—4.3), while the RR in the low education/high
occupation group was not significant (RR = 2.0; 95%
Cl, 0.5-8.7). The latter result may, in part, be due to
the smafl number of subjects in that group.

We evaluated the possibility that in the patients with
a CDR rating greater than 1, dementia was actually
more severe in those with higher education or occupa-
tion attainment. Using # tests, there was no significant
difference between the low and high education groups
with CDR ratings greater than 1 on three selected mea-
sures included in the diagnostic bartery, i.e., mental
status as assessed with the short version of the Blessed
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Memory Information and Concentration test {18, 191,
functional capacity as rated by the BDRS (Part 1) {191,
and memory as measured by total recall on the selec-
tive reminding test {20}, In a similar way, there was
110 significant difference between the low and high oc-
cupation groups with CDR ratings greater than 1 on
these measures.

We also included the Blessed Memory Information
and Concentration test score as an additional covariate
in the Cox analyses described above, which also con-
trolled for age, gender, and CDR., Results were compa-
rable. Higher education remained associated with a
higher risk of mortality when education was treated
either as continuous (RR = 1.09; 959 CI, 1.03-1.15)
of a dichotomous variable (RR = 2.06; 95% (I,
1.23—3.46). Using a similar model, the relative risk of
mortality associated with occupational attainment was
of bordetline significance (RR = 2.06; 95% ClI,
0.95—4.45). In the four education/occupation groups,
compared with patients with low educational and occu-
pational attainment, those with high education and oc-
cupation had an elevated risk of mortality (RR = 3.97,
959 Cl, 1.57-10.08). The high education/low occupa-
tion group also had an elevated risk (RR = 2.76; 95%
CI, 1.44-5.32), while the RR in the low education/
high occupation group was not significant (RR = 1.97;
95% CI, 0.43-8.92).

Nondemented Comparison Group

There were 292 individuals in the nondemented com-
parison group. Average age was /2.0 years (SD = 8.7
yr}. There were 93 men and 199 women. The average
vears of educarion was 10.8 (= 4.2 yr); 94 had 8 or
less years of education. Occupational attainment was
classified as high in 214 subjects and low in 246; the
remaining subjects were housewives.

There were 37 deaths. In Cox analyses that con-
rrolled for age and gender, there was no significant
effect of higher educational attainment on survival
whether education was treated as a continuous (RR =
0.9; 95% CI, 0.9~1.1) or a dichotomous variable (RR
= 1.4; 95% CI, 0.6-2.9). In a similar way, there was
no effect of higher occupational attainment on survival

(RR = 0.6; 95% CI, 0.3—-1.3).

Discussion
The observation that higher EQA is associated with
morte rapid moreality might at first seem counterintu-
itive, since lower socioeconomic status groups often
are at greater mortality risk due to issues such as medi-
cal care and living conditions. However, this observa-
tion lends support to the concept that AD is expressed
eatliet (i.e., when AD-related neuropathologic changes
are less advanced) in patients with lower EOA. Thus,
survival time is increased.

The reserve hypothesis would predict that educa-
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tional attainment should correlate inversely with sever-
ity of AD> histopathology given comparable clinical se-
verity of dementia. We have tested this prediction in
a separate set of studies of patients with established
diagnosis of AD. Using xenon regional cerebral blood
flow, we assessed perfusion in the parietotemporal area
as an index of AD pathology. In patients with compara-
ble clinical severity of dementia, both increased years
of education and higher occupational attainment were
associated with more parietotemporal perfusion deficit,
supporting our hypotheses {4, 211.

The mechanism by which occupational experience
might contribute to reserve against AD is unclear, This
reserve could be the result of increased synaptic den-
sity in neocortical association cortex acquired on the
basis of stimulation {1}, or an acquired set of skills or
repectoires {2, 3, 211 The latter possibility is more
compatible with our present data, since it could explain
how reserve protects against the expression of AD pa-
thology but not against death. 1t also explains our pre-
vious observarion that features of occupational experi-
ence such as physical demands are associated with
reserve [211. Presumably, aspects of life experience
could modify the paradigins used by the brain to medi-
ate a task in a way that would make the paradigms
more efficient or resilient in the face of AD pathology.

The concept of reserve must be weighed against the
alternate possibility of an assessment bias. Assessment
bias may result in patients with more education pet-
forming sfightly better on standardized evaluations
than those with less education despite comparable dis-
ease pathology. Our decision to control for dementia
severity using the CDR rating was an attempt to mini-
mize assessment bias. This rating is only partially
dependent on cognitive performance and is driven
primarily by the patient’s funcrional performance in
several contexts. Thus, it might be logical to assume
that it would be less likely for patients to perform bet-
ter on this scale simply because they had higher educa-
tional or occupational attainment. With regard to more
basic activities such as eating and toileting, there would
probably be little debate on this issue. Instrumental
activities of daily living involve more of a cognitive
component, s0 educational or occupational attainment
may influence performance on these measutes as well.
There is also evidence that increased educational at-
tainment may influence functional decline in normal
aging {22].

It is difficult to differentiate between cognitive re-
serve and assessment bias in the present study. How-
ever, to the extent that the CDR assesses behaviors
relevant to AD this discrimination becomes somewhat
artificial because (1) either explanation predicts pre-
served function, and (2} for any level of functicnal im-
pairment patients with higher EQA will have more ad-
vanced AD pathology. In effect, the assessment bias in



this study would simply be that higher EOA subjects
were rated as less demented on 2 measure that assesses
a wide range of AD-related changes. Since this “bias”
reflects that subject’s ability to perform better across a
wide range of behaviors in the face of AD, it is synony-
mous with reserve.

Our analyses implicitly assume that there is a rela-
tionship between death and the severity of AD pathoi-
ogy and that our subjects died of AD. These assump-
tions are generally warranted except in cases where
some other acute medical event intervenes. Two of
our current observations argue against the idea that
differential mortality in the high EOA AD patients was
a function of some other disease process. First, the
distribution of causes of death was similar in high and
low education AID groups and provides no alternate
explanation for the different mortality rates. Second, a
relation between mortality and EQA was not noted in
the controls. This minimized the possibility that some
other EOQA-refated factor accounts for differential mot-
tality in the AD group.

To our knowledge, the relation of EQA and mortal-
ity has not been studied in AD. However, out finding
of increased mortality risk associated with more severe
disease has been inconsistently observed in previous
studies. A study of the 1,259 inhabitants of Leiden,
aged 85 and over, found a mortality rate ratioc (MRR)
of 1.9 for the demented compared with nondemented
groups [23]. No difference in mortality rate was found
between patients with mild vs moderate to severe de-
mentia. The East Boston group (247 reported that,
overall, risk of death associated with AD was only
moderately increased over that of unaffected individu-
als (MRR = 1.44). Risk of death was greatest for pa-
tients with severe cognitive impairment or cachexia,
both markers of advance disease; while less severely
affected patients did not have elevated risk.

In summary, our findings suggest that for any level
of AD pathology, the clinical expression of AD is less
severe in patients with more advanced EQA., There-
fore, for any level of clinical expression, patients with
more advanced EQA are more likely to die soonet.
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