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Abstract

Objective—The purpose of this study was to review the relationship between education and
dementia.

Methods—A systematic literature review was conducted of all published studies examining the
relationship between education and dementia listed in the PubMed and PsycINFO databases from
January 1985 to July 2010. The inclusion criteria were a measure of education and a dementia
diagnosis by a standardized diagnostic procedure. Alzheimer’s disease and Total Dementia were
the outcomes.

Results—A total of 88 study populations from 71 articles met inclusion criteria. Overall, 51
(58%) reported significant effects of lower education on risk for dementia whereas 37 (42%)
reported no significant relationship. A relationship between education and risk for dementia was
more consistent in developed compared to developing regions. Age, gender, race/ethnicity, and
geographical region moderated the relationship.

Conclusions—Lower education was associated with a greater risk for dementia in many but not
all studies. The level of education associated with risk for dementia varied by study population
and more years of education did not uniformly attenuate the risk for dementia. It appeared that a
more consistent relationship with dementia occurred when years of education reflected cognitive
capacity, suggesting that the effect of education on risk for dementia may be best evaluated within
the context of a lifespan developmental model.

Keywords
Alzheimer’s disease; dementia; education; risk factors

The purpose of the paper is to provide an updated systematic review of the literature on the
relationship between education and dementia over the past 25 years. Mortimer! was one of
the first people to propose a relationship between years of formal education and risk for
dementia. He suggested that psychosocial factors such as education may be protective
against diagnosable dementia by raising the level of “intellectual reserve”. The first large-
scale study to investigate this relationship was a dementia prevalence survey in Shanghai,
China.2 The authors found that having no formal education was strongly associated with a
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higher prevalence of dementia. Since this early work, many researchers have studied the
relationship between level of education and risk for dementia.

Several reviews of the relationship between education and dementia have been previously
published. Katzman3 and Mortimer# both concluded that low education was likely a risk
factor for dementia. In contrast, in a review of international studies, Gilleard® argued that
methodological and ascertainment biases were driving the relationship between low
education and an increased risk for dementia. There have been two selective recent reviews.
Caamafio-Isorna and colleagues® conducted a meta-analysis of 19 studies and concluded that
low education met epidemiologic criteria as a risk factor for dementia. In a meta-analysis of
15 incidence studies, Valenzuela and colleagues reported that high education was protective
against risk for dementia.’

Broad observations from the literature and previous reviews have suggested that the
relationship between education and dementia is strongest and most consistent for individuals
with no or very low education, in Alzheimer’s disease cases, and in dementia prevalence
studies. Criticisms have focused on ascertainment and diagnostic bias, confounding
elements such as age and gender, and that education may be a surrogate for other
unmeasured variables. Researchers have proposed a number of mechanisms to explain the
relationship between education and risk for dementia including: brain reserve, cognitive
reserve, “use it or lose it”, the brain-battering hypothesis, ascertainment/diagnostic bias, and
education as a proxy for a third variable(s). However, it remains unclear as to what
education is and how it can be discussed as a uniform concept across diverse populations.
How can a relatively small number of years of formal education occurring early in life affect
risk for dementia in old age? This review advances the literature by providing a broad
systematic review of both dementia prevalence and incidence studies. We were particularly
interested in examining the pattern of results across studies that evaluated multiple levels of
education and potential moderators of the relationship including geographical region and
gender.

METHODS

We selected a systematic review over a meta-analysis for the current paper. Meta-analyses
require a standard of uniformity across studies in terms of design and statistical methods.
Across the reviewed studies, level of education was categorized quite differently and the
relationship with dementia was analyzed in a variety of ways. In a meta-analysis, it is also
standard practice to include one result from one publication from a given study population.
These requirements may have limited the number of study results available to review and
obscured patterns within the literature. Finally, a primary goal of this review was to be as
inclusive as possible, with the particular aim to include studies from both developed and
developing regions of the world.

The systematic review of the literature was conducted using PubMed and PsycINFO
databases of all published articles from January 1985 to July 2010. Search terms included
combinations and variations of education, years of education, educational attainment, risk
factors, Alzheimer’s disease, dementia, prevalence, and incidence. This search strategy was
supplemented by reviewing the reference sections of all identified studies and previous
reviews. All articles were published in English. We included studies that evaluated the
relationship between years of education and Alzheimer’s disease as well as studies that
combined all types of dementias into a Total Dementia outcome. We did not include studies
of other dementia subtypes (e.g. vascular dementia) nor did we evaluate cognitive decline.
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Both dementia prevalence and incidence studies were included and were identified in the
traditional manner. Prevalence studies collected education and dementia diagnostic data at
baseline. Incidence studies collected education and diagnostic data during a first wave of
study. Initially disease-free individuals were then followed up at a later time point with a
dementia diagnostic evaluation to identify incident dementia cases within that population.

The criteria for this review were less strict than a meta-analysis. We did not restrict the type
of study (e.g. by excluding prevalence studies or case-control studies) or set a minimum
sample size. The two selection criteria were a measure of actual years of education and that
dementia cases were diagnosed using a standardized assessment procedure such as the
Diagnostic and Statistical Manual of Mental Disorders,8-10 International Classification of
Diseases,1112 Cambridge Mental Disorders of the Elderly Examination,3 the National
Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association.14 Two studies'®16 used the Clinical Dementia Rating
(CDR)Y scale score to differentiate the dementia sample; here we selected the results based
on analysis of dementia cases with CDR=1 (mild dementia) or greater.

The literature search returned over 250 articles. This number was reduced to 93 articles after
the abstracts were reviewed. After the selection criteria were applied, 71 articles remained.
Two outcomes were defined: Alzheimer’s disease (AD) and Total Dementia (all dementia
subtypes combined). Some studies reported a result for AD or Total Dementia and some
studies reported results for both outcomes. Educational attainment was categorized
differently across the studies.

There was great heterogeneity across the 71 articles. Specifically, studies could have
analyzed the relationship between education and dementia using years of education, 2-
categories of education (e.g. illiterate vs. literate) or 3 or more categories of education as the
independent variable. Any study that included three or more levels of education, analyzed
populations independently, or examined both AD and Total Dementia as outcomes could
have reported both significant and nonsignificant results in the same study. We were
concerned that one significant result might be interpreted as evidence for an overall
education-dementia relationship while any nonsignificant effects (in the same study) might
be overlooked. Thus, to compare results across studies and to more exactly identify any
patterns across results, we implemented a count system that identified study results as
significant or nonsignificant based on reported confidence intervals or p-values.

We selected the statistical model that adjusted for age and sex when available. All
adjustment variables are listed in the tables. An estimated odds ratio (OR), relative risk
(RR), or hazard ratio (HR), and the respective 95% confidence intervals and p-values (when
given) were extracted from the univariate or multivariate model described in each paper.
ORs were reported in prevalence studies whereas an ORs, RRs or HRs may have been
reported in incidence studies. In the few cases where an odds ratio was not provided and
enough data were presented in the original paper, we calculated an unadjusted odds ratio. It
is important to note that ORs may overestimate the effect size compared to RRs or HRs.
Results were considered to be significant if the reported confidence intervals did not include
zero or the p-value was less than .05.

A total of 34 studies reported results based on the relationship between high education and
risk for dementia. For comparison purposes, we took the reciprocal of the risk estimate and
confidence intervals so that the direction of results would be the same across studies. A total
of 31 studies reported results for three or more levels of education. To facilitate
comparisons, in the tables we present the results from the lowest educational category
compared to the highest (reference) category. A total of 10 studies examined education as a

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sharp and Gatz

Page 4

continuous variable, and the risk estimate corresponds to change in risk per year of
education. Study data are presented separately for prevalence and incidence studies (Tables
1 and 2). Within each table, study results are grouped in chronological order within
geographical regions.

RESULTS

Of the 71 articles that met inclusion criteria, 3 prevalence studies reported results from
multiple study sites,23:3345 two studies analyzed gender separately,5%58 and three studies
analyzed multiple racial/ethnic groups separately.3477:78 Thus, while there are 71 articles,
the results reported in this paper are based on 88 total study populations. Nearly the same
number of prevalence and incidence studies met our selection criteria. Study results for the
relationship between low education and prevalent dementia are reported in Table 1 (N=46).
Study results for the relationship between low education and incident dementia are reported
in Table 2 (N=42).

Overall, 51 studies (58%) reported a significant effect of lower education on risk for
dementia whereas 37 studies (42%) reported no significant relationship between lower
education and a dementia outcome. Of the 88 total studies, 27 examined the relationship
between education and AD, 37 studies examined the relationship between education and
Total Dementia, and 24 studies analyzed the relationship for both outcomes.

To compare across prevalence and incidence studies, we selected one result from the each of
the 88 study populations. If a study examined both dementia outcomes, we selected the
Total Dementia outcome. Of the 46 prevalence studies, 28 studies (61%) reported a
significant effect of low education on risk for dementia. Of the 42 incidence studies, 23
studies (55%) reported a significant effect of low education on dementia risk (See Figure 1).

In the following sections, we report results within each study type (prevalence or incidence)
and study outcome (AD and/or Total Dementia). Later, we specifically discuss studies with
three or more levels of education, studies by geographical region, and studies evaluating
age, gender and race/ethnicity.

Education and Dementia Prevalence Studies

A total of 46 studies examined the relationship between low education and dementia
prevalence (See Table 1). Effect sizes reported by prevalence studies are presented in Figure
2. A total of 22 studies did not adjust for any covariates (such as age or sex) in the statistical
models.

Alzheimer’s disease—Of the 14 studies that analyzed the relationship between low
education and AD, 10 studies found a significant effect such that low education was
associated with a significant increased risk for AD.26.30.31,33,34,37.41-43.48 |y contrast, 4
studies reported no association between education and risk for AD.18:33-35 Total Dementia.
Of the 22 studies that analyzed the effect of education on Total Dementia prevalence, 13
studies reported a significant effect such that lower education was associated with an
increased risk for Total Dementia.22328.36,:38.44-47.49 | contrast, 9 studies found no
significant relationship.19:20:45 Both outcomes. Of the remaining 10 prevalence studies that
examined both AD and Total Dementia as outcomes, 3 studies reported a significant effect
of lower education on risk for both dementia outcomes, 212429 3 studies reported no
significant association for either outcome, 152740 and 2 studies found only AD to be
significant;25:39 whereas, 2 other studies found only Total Dementia to be significant.22:32

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 October 1.
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Education and Dementia Incidence Studies

A total of 42 studies examined the relationship between low education and incident
dementia (see Table 2). Effect sizes reported by incidence studies are presented in Figure 3.
A total of 8 studies did not adjust for any covariates in the statistical models.

Alzheimer’s disease—Of the 13 studies that analyzed the relationship between low
education and risk for AD, 7 studies reported significant effects such that lower education
was associated with an increased risk for AD.54:55.57.66.69.72.83 | contrast, 6 other studies
reported no significant relationship.58:65.70.71,74.81 Tota] Dementia.. Of the 15 studies that
examined whether low education was associated with an increased risk for Total Dementia,
8 studies reported significant effects for low education on risk for Total
Dementia.60:64.67.75-78 | contrast, 7 studies reported no significant association.50-53.77.80.85
Both Outcomes. Of the remaining 14 incidence studies that examined both dementia
outcomes, 7 studies found a significant relationship for both outcomes,>6:59.61-63,79.84 3 totg|
of 5 reported no significant relationship for either outcome,16:25:58.68.82 and 2 reported only
one of the outcomes to be significant (one AD and one Total Dementia).58.73

Multiple Categories of Education

For comparison purposes, we chose to present the lowest level of education compared to the
highest level (the reference group). However, 31 studies reported results by dividing
education into three or more categories and identified each level as significant or not
significant. Thus, these studies could have reported a significant result for one category of
education, but, a nonsignificant result for another category. Of these 31 studies, 4 reported
significant results across all levels compared to the reference level and 6 studies reported no
significant result for any level compared to the reference level. The remaining 21 studies
reported both significant and nonsignificant results, with the lowest level of education
always representing significant risk and at least one middle level not associated with risk for
dementia compared to the reference level. Generally, when education is divided into more
than two categories, there is likely to be reduced statistical power for finding a significant
effect of a category of education closer to the reference group. Yet overall, whether low
education was related to risk for dementia was unrelated to how education was defined
across studies. For example, the definition of low education ranged from illiterate to less
than 15 years, while the highest education level (reference category) ranged from literate to
17+ years.

Geographical Region

Studies examining the relationship between education and dementia were carried out in both
developed and developing regions. Across all identified studies, 31 studies were conducted
in Europe, 27 in North America, 18 in Asia (including one study in Guam), 9 in Latin
America, 2 in the Middle-East, and 1 in Africa. Again for the following, if a study examined
both dementia outcomes, we selected the Total Dementia outcome in our count. Across the
31 European studies, 19 studies reported significant associations between education and a
dementia outcome;21-24.26,28,29.54-64 \nhereas, 12 studies reported no significant
association,18-20.25.27,50-53,55,58 Of the 27 North American studies, 17 studies reported
significant effects of education on dementia risk;30-34.36.37.66,67,69,72.75-79 \yhereas, 10
studies reported no significant associations.16:34:35.65.68,70,71,73,74.77 Of the 18 studies
conducted in Asia, 8 studies reported significant associations between education and a
dementia outcome; 2:38:41-44.83.84 \yhereas, 10 studies reported no significant
associations.1%:39.4045.80-82 Of the 9 Latin American studies, 5 reported significant
associations between education and a Total Dementia; 4°-47 whereas, 4 studies reported no
significant associations.4>: 8 No studies in Latin America reported on risk for AD. Two
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studies included in this review were conducted in Israel and reported an effect of low
education on risk for AD*8 and Total Dementia.*® One study conducted in Nigeria, Africa,
did not find a significant association between no education and risk for AD.33 Figure 4
illustrates the results across prevalence and incidence studies within each geographical
region.

To further evaluate the distribution by region, we divided the studies into two categories:
developed and developing regions. A total of 64 studies were from primarily developed
regions (North America, Europe, Japan, and Israel) and 24 studies were from primarily
developing regions (Asia, Latin America, and Africa). We note that while we present the
10/66 Dementia Research Study Group reportas 10 different studies (three of which were
significant), that paper reported a significant pooled meta-analyzed estimate (OR=0.83;
Cl1=0.75-0.90), such that more years of education was associated with a decreased risk for
Total Dementia.** Of the 64 studies from developed regions, 41 studies (64%) reported
significant associations between education and a dementia outcome, whereas 23 studies
(36%) reported no significant findings between level of education and dementia risk. Across
the 24 studies from developing regions, 10 studies (42%) reported a significant association
between education and a dementia outcome. In contrast, 14 studies (58%) studies reported
no significant findings between level of education and dementia risk (See Figure 5). Overall,
studies from developing regions were more likely to be dementia prevalence studies and less
likely to single out AD as the dementia outcome.

Age, Gender, and Race/Ethnicity

Of the 88 study populations, 30 studies did not adjust for age or any other covariates in the
statistical analysis. A total of 2 studies specifically evaluated the impact of gender. In each
study, men and women were analyzed separately and the results indicated a significantly
increased risk for dementia in women with the lowest level of education, but no significant
effect of low education on risk for dementia in men.55:58 Furthermore, Ott and colleagues®®
describe a reanalysis of the cross-sectional data from the previously published dementia
prevalence survey?! and confirmed a notably larger effect of low education on risk for
dementia in women (OR=4.07) compared to men (OR=1.80). The results for race/ethnicity
were varied. Two studies found no significant association between low education and risk
for dementia within a minority group,3*77 whereas one study reported a greater risk for the
minority group.”® Two other studies analyzed the same population of African Americans
and found a significant effect of low education on risk for AD and Total Dementia.32:33

DISCUSSION

Collapsing across all study types and dementia outcomes, we found that 58% of studies
reported significant effects of education on risk for dementia; whereas, 42% of studies
reported no significant effects. Previous reviews have suggested that the effect of education
was stronger in studies evaluating individuals with no or low education, in studies
evaluating risk for AD, and in dementia prevalence studies. This review did not find more
significant effects for studies where the lowest category was no or extremely low levels of
education as compared to studies where the lowest category included more years of
education. How researchers categorized education seemed to reflect cultural context, with
developing countries having lower cutoffs. This review found that whether low education
was associated with dementia did not depend on what cutoffs defined low education. This
finding suggests that the relationship between education and dementia is perhaps more
nuanced than previously suggested. Mainly, it does not appear to be the case that adding
years of education adds uniform protection against risk for dementia.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 October 1.
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Whether the relationship between education and AD is stronger than for other dementia
subtypes remains unclear. In this review, AD cases often made up a large percentage of the
Total Dementia outcome and we were unable to include other separate dementia outcomes
such as vascular dementia. However, when examining studies that evaluated both outcomes,
it was equally as common for the AD outcome to be significant as the Total Dementia
outcome (when the other was not). This suggests that the relationship between education and
dementia may not be unique to AD.

The results of this review suggest that prevalence studies reported a significant effect of low
education on dementia risk more often than incidence studies. However, a much greater
number of prevalence studies did not adjust analyses for age or sex making it difficult to
compare across study type. Similarly, we found no clear evidence that the dementia
prevalence studies reported larger risk estimates compared to dementia incidence studies.

Differences across study populations

Overall, there was more consistent support for an education-dementia relationship in
developed compared to developing regions of the world. This finding may seem a bit
paradoxical because developing regions have more older adults who are uneducated or
poorly educated, yet a lower prevalence of dementia.>86 This pattern may be explainable if
we consider that individuals in developing countries generally have a shorter life expectancy
and may die before either developing or evidencing symptoms of dementia. Thus, education
may be unrelated to dementia due to the simultaneous lack of education and lack of
dementia cases.#043

In developing regions, even more than in developed regions, low education may be
especially reflective of lifelong disadvantages such as poorer maternal health, poor nutrition,
or exposure to infection.#3-80 In addition, access to education may more often be based on
social class than on intellectual promise or on principles of equal access regardless of ability
to pay for an education 2:16.25.33.63 Fyrther, the proportion of individuals who are illiterate or
of very low education is often notably greater in rural than in urban samples, yet this more
poorly educated sample is not necessarily at greater risk for dementia 2030 In Mexico, for
example, low education was associated with an increased risk for dementia in urban
participants but not in rural participants.4>

In terms of differences related to the age of the study population, many studies reported that
the oldest participants had significantly fewer years of education and were also significantly
more likely to be diagnosed with dementia — suggesting a cohort effect.** Despite model
adjustments for age, the strong tendency for older cohorts concurrently to have fewer years
of education and higher rates of dementia may potentially inflate the association between
education and dementia.

In terms of gender differences, although most studies adjusted for sex in the statistical
models, Letenneur and colleagues®® pointed out that most studies do not consider the
potential for moderation of the education-dementia association based on age or sex. This is
important because women live longer, or have greater survival, and thus have more time to
develop and express a dementing disease.18:87 When modeling sex separately, the
Rotterdam Study®® and two separate studies using EURODEM data 5588 found a significant
effect of education on risk for dementia only in women. Women in this cohort had both
fewer and qualitatively different educational opportunities compared to men (despite
presumably equivalent intellectual capacity). For example, Zhang and colleagues*2 noted
that prior to 1950, only women belonging to the highest social class were given access to
education in China. In developed regions as well, women born at the end of the nineteenth
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and beginning of the twentieth century may have experienced educational disadvantages
reflecting lifelong socioeconomic disparities.20:42:43,55.83

In terms of race/ethnicity differences, the available studies suggest that for ethnic minority
groups low education may not correspond to lesser cognitive capacity. Harwood and
colleagues3* found that low education was a risk factor for AD in White participants but not
in Hispanic participants (mainly Cuban immigrants), despite the fact that the Hispanic
participants had an equivalent number of years of education and often worked in jobs below
their educational level. Two studies evaluated African American participants compared to
White participants. After adjusting for age, Fitzpatrick et al.”” reported an increased risk for
dementia in White participants with low education (less than high school), but not African
American participants with the same level of education. In contrast, Shadlen and
colleagues’® found a considerably higher dementia risk for African American participants
with low education (less than 10 years) compared to a reference group of white participants
with the same level of education. However, the higher dementia risk for African American
participants was notably lessened in an analysis that controlled for baseline cognitive ability
— suggesting that years of education may not have been a reliable indicator of cognitive
capacity. In keeping with the observation that differences in level and quality of educational
opportunities available to minorities in the older cohorts may change the meaning of
education, some researchers have suggested that literacy or reading level may be a better
indicator of what education is thought to represent than years of education in minority
groups.89 In an entirely African American sample in Indianapolis, Indiana, Hall and
colleagues® found that the combination of low education and rural residence until age 19
greatly increased risk for AD. However, when rural residence was included as a covariate,
low education alone was not a significant risk factor.

Overall, across developing and developed countries, women and men, racial and ethnic
minorities and individuals from the dominant majority group, education appears to have a
more consistent relationship with dementia in populations where educational attainment is
reflective of intellectual ability rather than privilege.

Methodological factors

The concerns illustrated above lead us into a discussion about methodological limitations in
assessing the relationship between education and dementia. The potential for ascertainment
and diagnostic biases was a major methodological concern raised in almost every article
reviewed here as well as in previous reviews. This bias refers to the potential for individuals
with low educational attainment to inherently perform more poorly on cognitive testing used
to assess for dementia compared to individuals with more education, despite no differences
in functional impairment.”®:91 Cogpnitive tests have been suggested to be especially biased
when evaluating illiterate or uneducated individuals.>15.80

Studies have adopted different approaches to reduce the potential for such bias, including
creating different screening cutoffs based on education,28° clinically evaluating a proportion
of participants who initially screen negative for dementia,3%42 and developing more
sensitive measures of dementia for populations in developing countries.%? In this review,
two studies utilized autopsy-verified dementia outcomes. Munoz 3° reported no relationship
between education and risk for dementia. In contrast, a mega-study of autopsy-confirmed
dementia cases in Europe found that education was predictive of dementia diagnoses but
was not predictive of differences in brain pathology.54 Overall, given the various measures
taken to correct for such bias, as well as research specifically evaluating the effectiveness of
these methodologies,>* 76 we are reasonably confident that the results are not solely due to
biased or invalid dementia diagnosis.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 October 1.
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What is Education?

In this review, we concluded that years of education can mean different things when
evaluated within the context of culture and cohort. The quantity of education that was
important to lessening dementia risk varied quite dramatically by population and region and
seems to be tied to the unique demands of a given society. For example, the dementia risk
associated with illiteracy in a developing region® may be similar to the dementia risk
associated with completing up to 10 years in a developed region.34 We still do not know
why the difference of just a few years of early education can have an association with late
life risk for dementia.

A number of studies have evaluated potential mediators of the relationship between
education and dementia and found that the association disappeared after accounting for
factors such as familial risk and leg length.93 In contrast, other studies found a persistent
association even after accounting for health, lifestyle, or familiality.28 29,61 Studies that
evaluated brain pathology at autopsy found disease pathology to be unrelated to years of
education.364 In the papers reviewed here, the cognitive reserve theory®* was the most
cited mechanism to explain the relationship between education and dementia. Based on the
results of this review, where we have highlighted the broad definition of low education
across study populations as well as the important mediators of this relationship, we suggest
that it is important to think of education as a proxy or surrogate indicator.

To illustrate this point, we present a developmental framework (See Figure 6) that expands
on a model identifying relationship between childhood mental ability and survival.®® In our
model, educational attainment is influenced by pre-education factors that contribute to
cognitive development such as genetics, parental socioeconomic status (SES) and
socioemotional influences. Brain development is an unmeasured baseline factor that
influences access to early education and the ability to profit from education. Adult SES is a
post-education factor, strongly related to educational attainment (particularly in developed
regions). Adult SES, in turn, is associated with environments, such as occupation or
exposure to toxins, and to behaviors such as diet, exercise, and lifestyle. In this model, level
of education does not affect risk for dementia directly, but it affects (and is affected by) a
multitude of factors across the lifespan.

In support of the cognitive reserve theory, it seems that low education has a stronger
association with dementia when education is reflective of cognitive capacity rather than
privilege and when low education is associated with other risk factors across the lifespan.
However, the amount of education that is subsequently associated with a statistical risk for
dementia is contingent on an individual’s environment and can vary greatly across
populations, cohorts, gender and race/ethnicity. Finally, educational attainment is not a static
event. It seems that for some individuals, years of education may correspond to a greater
interest in learning or a tendency to seek out cognitively stimulating activities across the
lifespan. For other individuals, years of formal education tells us little about their subsequent
cognitive endeavors.

STRENGTHS AND LIMITATIONS

We attempted to be as inclusive as possible in this review covering the last 25 years of the
literature. We included both prevalence and incidence studies and did not exclude case-
control studies or studies with small sample sizes. However, it is possible that relevant
studies were excluded because of how dementia was diagnosed or how the data were
reported. As with any review, negative publication bias is an important consideration. It may
be that some studies did not find an association between education and dementia and these
nonsignificant findings were not reported in a published paper. Any exclusion of
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nonsignificant findings would warrant an even more cautious discussion of the association
between education and dementia. Methodological challenges to this current review included
the multiple and potentially conflicting results due to how education was defined and
analyzed, multiple dementia outcomes, and varied study populations. Because it was
difficult to summarize across such diverse studies, we employed a count system to examine
study results. We acknowledge that this approach does not give a statistical account of the
association between education and dementia. However, it seemed important to clearly
present the pattern of study results across and within this diverse group of study populations.

CONCLUSION

Overall, the results of this review suggest that the education-dementia relationship may be
more complex than previously suggested in the aging literature. The results suggest that
lower education is associated with an increased risk for dementia for some but not all
studies. Further, the level of education that was most associated with dementia risk varied
considerably by study region as well as by age, gender, and race/ethnicity. We did not find
clear evidence that prevalence studies reported stronger or more consistent significant
effects of education on risk for dementia compared to incidence studies. The existence of an
education-dementia relationship seems strongly tied to the unique demands of an
individual’s environment. We suggest that education is best described as a proxy for a
trajectory of life events, beginning prior to and extending beyond the years of formal
education, that either increase or decrease an individual’s risk for dementia.
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Lifespan Developmental Model for a Relationship between Education and Dementia. (Note.

Adapted from Deary 1J, Whiteman MC, Starr JM, et al. The impact of childhood intelligence
on later life: following up the Scottish mental surveys of 1932 and 1947. J Pers Soc Psychol.
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