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ABSTRACT

Low education is considered an important modifiable risk factor for dementia worldwide, despite the lack of a
formal consensus definition of low education. The primary aim of this systematic review was to document and
address the inconsistency in measuring and operationalising education in dementia studies. A secondary aim was
to consider the dose of education required to reduce dementia risk. The protocol was registered at PROSPERO
with registration ID CRD42018096168. CINAHL, Cochrane, PsycInfo, and Pubmed databases were searched
using terms related to education, dementia and/or MCI, and incidence. Studies were eligible for inclusion if a risk
ratio for education and any dementia, Alzheimer’s Disease (AD), Vascular Dementia (VaD) or Mild Cognitive
Impairment (MCI) was reported in a population cognitively healthy at baseline. Sample sizes for 65 studies
meeting selection criteria ranged from 152 to 12,881, representing populations from 24 countries. Risk of bias,
assessed using a tool designed specifically for dementia risk studies, was found to be medium or low for all
studies. There were 23 continuous, 29 dichotomous, and 31 categorical operationalisations of education re-
ported. Random effects meta-analyses from continuous operationalisations suggested each year of education
reduced risk by eight percent for AD (95% CI:5-12%) and seven percent for any dementia (95% CI:6-9%).
Dichotomous operationalisations indicated an increased risk for low education of 45% (95% CI:29-63%) for any
dementia and 85% (95% CI:56-118%) for AD, however definitions of low education were heterogeneous,
ranging from zero to 12 years. There were too few studies to produce summary ratios for VaD or MCI. We
conclude that, while the evidence of an association between low education and dementia incidence is robust,
inconsistency in the definition, measurement and operationalisation of education hinders the translation of this
evidence into practical policy recommendations to reduce dementia risk.

1. Introduction

dementia were calculated in five of the seven systematic reviews,
ranging from 1.59 (95% CI: 1.26-2.01) to 1.89 (95% CI: 1.61-2.22)

Among potentially modifiable risk factors for dementia, low educa-
tion has perhaps the greatest impact on population risk worldwide
(Livingston et al., 2017; Norton et al., 2014). To date there have been
seven major systematic reviews summarising the literature on an asso-
ciation between education and dementia (Valenzuela & Sachdev, 2005;
Caamano-Isorna et al., 2006; Sharp & Gatz, 2011; Fratiglioni & Wang,
2007; Xu et al.,, 2016; Meng & D’Arcy, 2012; Prince et al., 2014).
Summary odds ratios for the increased risk of low education on any

(Valenzuela & Sachdev, 2005; Caamano-Isorna et al., 2006; Xu et al.,
2016; Meng & D’Arcy, 2012; Prince et al., 2014). The consistency in the
reported effect sizes make the evidence for low education as a dementia
risk factor compelling. Such a robust effect is remarkable given the
heterogeneity of measurements of education, variation in types of de-
mentia and diagnostic methods, diversity of study populations, and
differences in statistical indicators used in the individual studies.
Given such strong evidence for the effect of low education on
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dementia risk, the merit of performing yet another systematic review on
the topic would be dubious, if not for an outstanding issue that remains
unaddressed - it is unclear what is meant by (low) education and,
consequently, how much education is required to reduce dementia risk
(Then et al., 2016). In the absence of a consensus definition of what is
meant by education in general, and low education in particular, since it is
considered a primary risk factor, it is challenging to translate findings
regarding education and dementia risk into policy recommendations.
Five of the seven systematic reviews of an association between education
and dementia mentioned the heterogeneity in education across studies as
a limitation (Caamano-Isorna et al., 2006; Fratiglioni & Wang, 2007;
Prince etal., 2014; Sharp & Gatz, 2011; Xu et al., 2016). The objectives of
this review then, were threefold: 1. To provide an updated systematic
review and meta-analysis of studies reporting on education as a risk factor
for dementia, incorporating recent and previously unconsidered studies,
and attempting to minimise the effect of heterogeneity between studies
by grouping studies according to how education was operationalised; 2.
To document the inconsistency in measuring and operationalising edu-
cation when used in studies that examine it as a risk factor for dementia;
and 3. To examine existing evidence of the dose of education required to
reduce dementia risk. For the first time to our knowledge, tables, forest
plots and summary ratios are presented separately for continuous,
dichotomous and categorical operationalisations of education. Sensi-
tivity analysis is also conducted to consider the impact of a specific cut-off
for definitions of low education on dementia risk.

2. Methodology
2.1. Protocol registration

The protocol for this review was registered at PROSPERO with
registration ID CRD42018096168, including the review question, search
strategy, inclusion and exclusion criteria, plans for risk of bias assess-
ment and data analysis and synthesis. Changes to the protocol were
registered at PROSPERO with justification.

2.2. Search strategy

The following databases were searched for relevant literature: CINAHL,
Cochrane, PsycInfo, and Pubmed; using search terms related to dementia
and MCI along with search terms related to education and search terms
related to incidence. The following demonstrates the terms and Boolean
operators used for PubMed as an example: ((((dementia [Title] OR
Alzheimer* [Title] OR “mild cognitive impairment" [Title] OR “MCI"
[Title]))) AND ((education* OR “‘cognitive reserve” OR “brain reserve")))
AND ((incidence OR ratio)). Searches for the other databases varied on this,
subject to search conventions specific to each database, and are docu-
mented in Appendix A. A research librarian was consulted for advice on the
appropriateness of search terms and strategy to answer the research ques-
tion. All searches were limited to the dates January 1, 1990 to May 15, 2019.
No other restrictions were imposed on the search strategy.

Studies from previously published systematic reviews and meta-
analyses were also identified and included if they met our study
criteria; as were studies identified from reference lists of included studies.

2.3. Outcome of interest

Our outcomes of interest were any dementia, Alzheimer’s disease
(AD), vascular dementia (VaD), and mild cognitive impairment (MCI).
Any documented diagnosis of these outcomes was included.
2.4. Exposure of interest

Education was the main exposure of interest. As the focus of the

review was the inconsistency in how education was measured and
operationalised, the operationalisation of education was also of interest
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e.g. continuous, dichotomous or categorical variable and variations
within these operationalisations.

2.5. Population

Studies were included if they involved 100 participants or more; if
participants were recruited from a population-based sample; and if
participants were cognitively healthy at baseline.

2.6. Inclusion criteria

Studies with a longitudinal component that measured incident de-
mentia or MCI outcomes were included, whether they were retrospec-
tive or prospective, so long as they reported a risk, hazard or odds ratio
for education (or a ratio could be extrapolated from incidence rates). As
education is a risk factor that is typically fixed long before dementia
outcome, case control studies were also included if controls had been
screened for cognition and excluded in the case of possible dementia.
Randomised controlled trials were included in the protocol, although it
was not anticipated that many results would be returned, due to the
typical long delay between exposure and outcome.

2.7. Exclusion criteria

Cross-sectional studies were excluded, as a longitudinal component
is required to study incidence of cognitive outcomes. Also excluded were
studies of prevalent dementia or MCI, as incident cases are required to
investigate etiology. Studies not reporting a risk, hazard or odds ratio (or
at least providing enough information to allow a ratio to be extrapo-
lated) were excluded, as these ratios were required for comparison.
Longitudinal studies of populations that were not screened and excluded
for cognitive impairment at baseline, using MMSE or similar, were also
excluded to avoid confusion of prevalent and incident cases. Finally,
papers not in the English language were excluded due to lack of re-
sources available in the study team.

2.8. Screening and extraction process

Two reviewers (JM and RP) screened all studies for inclusion and
exclusion criteria independently, consulting in the case of disagreement
and reaching a consensus decision for each study. The process was
repeated by both reviewers (JM and RP) at title and abstract and full text
screening stages. The screening process was managed with the aid of
Covidence systematic review software (Veritas Health Innovation,
Melbourne, Australia). Both reviewers extracted data for ten per cent of
the studies. As good agreement was obtained for data extraction
(defined as eighty per cent agreement in the protocol), one reviewer
(JM) proceeded with extraction for the remaining studies.

2.9. Risk of bias

Following Hoy et al. (Hoy et al., 2012a, 2012b), our aim was to assess
whether included studies had attempted to minimise bias in the study
design and implementation, rather than to judge whether bias was
present or not in a particular study. To achieve this aim, we modified
existing tools (Hosking et al., 2018; Hoy et al., 2012a, 2012b; Pedditizi,
Peters, & Beckett, 2016), and expanded upon existing criteria (Frati-
glioni & Wang, 2007) to develop our own risk of bias tool specific to
dementia incidence studies (Appendix B). For example, to reduce the
risk of selection bias, studies could have randomly selected participants
from both the general community and institutions, and ideally reported
a participation rate to reflect representativity. To prevent bias in the
measurement of the exposure variable, studies could have obtained
objective measures of education justifying operationalisation of the
measure with reference to the literature. To decrease the likelihood of
ascertainment bias, studies could have assessed all participants for
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dementia/MCI in the same way, using standard diagnostic criteria.
Including relevant and justified confounding variables could minimise
the risk of confounders biasing any reported associations. To avoid the
risk of study-length bias, studies could have had several follow-ups over
a long time period, with not too long in-between follow-ups. To prevent
bias due to attrition, studies could have clearly reported losses to
follow-up and differences between those who dropped out of the study
and those who remained. Further, following up the medical records and
death certificates of those who had died and including them as cases if
appropriate could help alleviate attrition bias.

2.10. Reporting of results

Data were extracted from all relevant papers, however in the case of
more than one paper reporting on the same study using the same pop-
ulation, timeframe, operationalisation of education and outcome, the
most recent publication was reported. This decision was based on the
expectation that, compared to earlier publications, the most recent
publications were most likely to have i) the longest follow-up periods, ii)
the largest sample sizes, iii) updated case numbers, and iv) use the latest
methodological and statistical approaches; all of which reduce the risk
of bias influencing study results. As the focus of this review is how the
operationalisation of education influences results, a study may be rep-
resented in the tables and forest plots more than once if more than one
operationalisation of education was used (but never more than once for
the same operationalisation and dementia outcome).

The most adjusted risk ratio was extracted for each study. Random
effects meta-analyses were performed and forest plots were produced for
each of the three operationalisations of education — continuous,
dichotomous and categorical, for outcomes that had sufficient studies to
conduct a meta-analysis (pre-determined as a minimum of five studies),
however no summary ratio was produced for categorical operationali-
sations due to heterogeneity in categories among studies. Meta-analyses
were conducted using Stata version 15.1 (StataCorp LLC, Texas, US).

For dichotomous operationalisations that compared high education
to a low education reference, the inverse of the risk ratio and confidence
intervals was included in the meta-analysis so that the summary ratio
would represent the combined risk of low education. Ratios for cate-
gorical operationalisations were separated by whether they presented
the risk of low education versus high or high education versus low, then
ordered by their reference category cut-offs in the forest plot, from
reference categories with the lowest amount of education to reference
categories with the highest.

Extracted data, risk of bias ratings and results of meta-analyses
including weights and forest plots were incorporated into Graphical
Overview for Evidence Review (GOfER) charts, following recent publi-
cation of this method of collating review evidence (Sievert et al., 2019).
Incidence rate ratios were extrapolated from incident rates when they
were not provided. Confidence intervals for extrapolated incident rate
ratios were calculated using Stata version 15.1.

2.11. Reporting of subgroup results

Findings from studies that stratified results by gender and/or
ethnicity were reported descriptively.

2.12. Sensitivity analysis

A sensitivity analysis was undertaken to examine the effect of defi-
nitions of low education for dichotomous operationalisations, provided
there were at least five studies remaining after exclusions. This was
achieved by excluding studies that used a definition of low education
that was the equivalent of more than eight years of education. Eight
years was an arbitrary cut-off designed to test sensitivity, chosen
because it serves as a midpoint for definitions of low education used in
high and low income country contexts and reflects a level of education
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that is more than primary school but less than high school. Comparisons
of the effect measure and the I? statistic are presented, with the I sta-
tistic representing “the percentage of total variation across studies that is
due to heterogeneity rather than chance” (Higgins et al., 2003).

2.13. Measure of publication bias

Funnel plots and Egger’s regression test statistics were produced to
evaluate the risk of publication bias for continuous and dichotomous
operationalisations of education and the risk of AD and any dementia.

3. Results

Objective 1: providing an updated systematic review and meta-
analysis, grouping studies according to operationalisation of
education.

3.1. Number of studies found

Data were extracted from 65 original research articles identified as
matching the study selection criteria [ (Then et al., 2016), (Beard et al.,
1992; Bermejo-Pareja et al., 2008; Bickel & Cooper, 1994; Borenstein
et al., 2014; Borenstein et al., 2005; Brayne et al., 2010; Cadar et al.,
2018; Chen et al., 2011; Contador et al., 2015; de Bruijn et al., 2015; De
Deyn et al., 2011; Dekhtyar et al., 2015; Dekhtyar et al., 2016; Di Carlo
et al., 2002; Evans et al., 1997; Fischer et al., 2008; Fitzpatrick et al.,
2004; Geerlings et al., 1999; Harmanci et al., 2003; He, Zhang, & Zhang,
2000; Hendrie et al., 2018; Karp et al., 2009; Katz et al., 2012; Kaup
et al., 2014; Kerola et al., 2010; Kotaki et al., 2019; Kukull et al., 2002;
Lee et al., 2008; Letenneur et al., 1999; Letenneur et al., 2000; Lindsay,
2002; Lobo et al., 2011; Lopez et al., 2003; Luukinen et al., 2005;
Marengoni et al., 2011; McDowell et al., 2007; Moceri et al., 2000;
Nakabhori et al., 2018; Nitrini et al., 2004; Noale et al., 2013; Ojagbemi,
Bello, & Gureje, 2016; Prince et al., 2012; Scarmeas et al., 2001)], 16 of
which had not been considered in previous reviews due to recency of
publication or not meeting specific review selection criteria (Borenstein
et al., 2014; Cadar et al., 2018; Contador et al., 2015; de Bruijn et al.,
2015; Dekhtyar et al., 2015, 2016; Hendrie et al., 2018; Kotaki et al.,
2019; Lobo et al., 2011; Nakahori et al., 2018; Ojagbemi et al., 2016;
Sullivan et al., 2019; Then et al., 2016; Yu et al., 2017; Yuan et al., 2016;
Zahodne et al., 2016). This was the result of abstract screening of the
initial search results of 3066 articles, and full-text screening of 175 ar-
ticles considered relevant, as outlined in the PRISMA diagram in Fig. 1.
Supplementary Table A lists the excluded articles along with their rea-
sons for exclusion. 100 articles were excluded during full-text screening
due to ineligibility in terms of meeting selection criteria (e.g. not
reporting HR, OR or RR for education, reporting prevalence rather than
incidence), and ten studies were excluded during data extraction due to
the fact that the population, outcome and operationalisation reported
were already included in another, more recent article.

Of 65 articles meeting selection criteria, there were 58 cohort
studies, 6 case control studies and one randomised controlled trial. Dates
of publication ranged from 1992 to 2019. The majority of articles (57)
included study populations from High Income Country (HIC) settings. Of
the remaining articles, six were from Lower-Middle Income Country
(LMIC) settings, one was from an Upper-Middle Income Country (UMIC)
setting and one was from a Low Income Country (LIC) setting. There was
representation from 24 countries in the 65 included articles, however
over a third of articles (25) reported studies that were conducted in the
USA or Canada and the majority of the remaining articles reported re-
sults from studies in Europe (28). Study periods ranged from 1982 to
2017, with numbers of follow-ups ranging from one to approximately 16
and number of follow-up years ranging from one to 28. Sample sizes in
terms of participants included in the analysis ranged from 152 to 12,881.
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Fig. 1. PRISMA flow diagram of process identifying studies eligible for inclusion.

3.2. Summary ratios

3.2.1. Any dementia

Asrepresented in GOfER 1, 10 prospective cohort studies contributed
to the summary odds ratio for a continuous association between years of
education and risk of any dementia of 0.93 (95% CI: 0.91-0.94) per year
(Borenstein et al., 2014; Brayne et al., 2010; Contador et al., 2015;
Hendrie et al., 2018; Katz et al., 2012; Kukull et al., 2002; St John &
Montgomery, 2013; Stern et al., 1994; Then et al., 2016; Zahodne et al.,
2016). The I? statistic for this meta-analysis was 0.0%, p = 0.719. For the
dichotomous risk of low education versus all other education, the
summary odds ratio for any dementia from 11 contributing prospective
cohort studies was 1.45 (95% CI: 1.29-1.63), shown in GOfER 2 (Bickel
& Cooper, 1994; Karp et al., 2009; Kaup et al., 2014; Kotaki et al., 2019;
Letenneur et al., 1999; Luukinen et al., 2005; Prince et al., 2012;

Scarmeas et al., 2001; Schmand et al., 1997a; Stern et al., 1994; Then
et al., 2016). The I? statistic of 33.0% suggested low heterogeneity, p =
0.135.

The forest plot of categorical operationalisations in GOfERs 3a and
3b demonstrates that nine of 22 studies (40.9%) did not report any as-
sociation between education levels and any dementia (Cadar et al.,
2018; de Bruijn et al., 2015; Dekhtyar et al., 2015, 2016; Nitrini et al.,
2004; Ojagbemi et al., 2016; Sullivan et al., 2019; Then et al., 2016;
Valenzuela et al., 2011). Of 13 studies that did report an association,
while there was mostly a significant association between the most
extreme level of education and the reference education category, this
association was often not significant for middle categories (Bermejo--
Pareja et al., 2008; Chen et al., 2011; De Deyn et al., 2011; Di Carlo et al.,
2002; Kukull et al., 2002; Letenneur et al., 2000; Lobo et al., 2011;
McDowell et al., 2007; Nakahori et al., 2018; Ravaglia et al., 2005;
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Schmand et al., 1997b; Yuan et al., 2016; Zhang et al., 1998). Only three
studies (13.6%) reported an association for all categories versus the
reference category, and all of these studies used very low levels of ed-
ucation for the low education category: illiteracy (Lobo et al., 2011), less
than one year (Yuan et al., 2016), or zero to five years (Di Carlo et al.,
2002).

3.2.2. Alzgheimer’s disease

For the risk of AD, seven prospective cohort studies and one case
control study contributed to the summary odds ratio for a continuous
association for years of education of 0.92 (95% CI: 0.88-0.96), depicted
in GOfER 1 (Borenstein et al., 2014; Evans et al., 1997; Hendrie et al.,
2018; Kukull et al., 2002; Lee et al., 2008; Lindsay, 2002; Tyas et al.,
2001; Yu et al., 2017). The I? statistic of 55.4% suggested medium
heterogeneity was present, p = 0.028. The dichotomous association for
low education from six prospective cohort and two case control studies
was represented in a summary odds ratio of 1.85 (95% CIL: 1.56-2.18), as
shown in GOfER 2 (Beard et al., 1992; Borenstein et al., 2005; Geerlings
et al., 1999; He et al., 2000; Lee et al., 2008; Letenneur et al., 1999;
Moceri et al., 2000; Yoshitake et al., 1995). The I? statistic of 22.4%
suggested low heterogeneity, p = 0.252. The continuous summary ratio
did not change when the case control study (Lindsay, 2002) was
removed, however the dichotomous summary ratio was increased to
1.91 (95% CI: 1.62-2.25) when the two case control studies (Beard et al.,
1992; Moceri et al., 2000) were excluded.

For categorical operationalisations, all ten contributing studies
showed an association between at least one level of education and the
reference category, with three studies (30.0%) demonstrating an asso-
ciation for all levels of education (Di Carlo et al., 2002; Lobo et al., 2011;
McDowell et al., 2007). As for any dementia, categorical associations
appeared stronger for the most extreme category versus the reference, but
weakened for the middle categories, as represented in GOfER 4 (Berme-
jo-Pareja et al., 2008; Di Carlo et al., 2002; Harmanci et al., 2003; Kukull
et al., 2002; Letenneur et al., 2000; Lobo et al., 2011; McDowell et al.,
2007; Ravaglia et al., 2005; van Oijen et al., 2007; Yuan et al., 2016).

3.2.3. Vascular dementia

The evidence on the association between education and VaD was
mixed and no meta-analyses were possible, as only seven studies re-
ported risks relating to education and VaD (Bermejo-Pareja et al., 2008;
Borenstein et al., 2014; Di Carlo et al., 2002; McDowell et al., 2007;
Ravaglia et al., 2005; Yoshitake et al., 1995; Yuan et al., 2016), and five
of these used categorical operationalisations that could not be sum-
marised (Bermejo-Pareja et al., 2008; Di Carlo et al., 2002; McDowell
et al., 2007; Ravaglia et al., 2005; Yuan et al., 2016). Of these seven
studies, five (71.4%) reported no association between education and
VabD at all (Bermejo-Pareja et al., 2008; Borenstein et al., 2014; Di Carlo
et al., 2002; Ravaglia et al., 2005; Yoshitake et al., 1995) and two re-
ported associations for some but not all education levels versus the
reference category (McDowell et al., 2007; Yuan et al., 2016). Details of
the individual studies and forest plots of hazards and odds ratios are
presented in GOfER 5.

3.2.4. Mild cognitive impairment

Seven publications provided estimates for the risk of MCI related to
education, however MCI types and definitions varied and data synthesis
was not possible (Katz et al., 2012; Lopez et al., 2003; Marengoni et al.,
2011; Ravaglia et al., 2008; Roberts et al., 2012; Tervo et al., 2004;
Unverzagt et al., 2011). Details of studies and hazard and odds ratios are
presented in GOfER 6.

3.2.5. Other results not included in meta-analyses

Too few studies stratified results by gender or racial and/or ethnic
differences to allow synthesis of findings, however a summary of these
studies is included in Appendix C.

Also reported in Appendix C are findings from studies that used
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alternative measures of education, such as literacy. These are provided
for descriptive purposes only as literacy was not a focus of this review.

Objective 2: documentation of inconsistency in measuring and
operationalising education.

3.3. Operationalisation of education exposure

The flow chart in Fig. 2 demonstrates the inconsistency in the mea-
surement and operationalisation of education between publications.
Overall, there were 23 continuous, 29 dichotomous and 31 categorical
operationalisations represented in the 65 publications, however not all
are included in the flow chart. Seven studies reported two different
operationalisations of education (Kukull et al., 2002; Lee et al., 2008;
Marengoni et al., 2011; Prince et al., 2012; Stern et al., 1994; Unverzagt
et al., 2012; Yu et al., 2017) and one study investigating the impact of
operationalisations of education reported effects for twelve different
operationalisations (Then et al., 2016). Only one each of dichotomous,
continuous and categorical operationalisations were used for the flow
chat from this latter study, so as not to bias the chart with results from
one study, hence 22 continuous, 28 categorical and 24 dichotomous
operationalisations are included. Overall, there was a lack of consistency
in: 1. how education information was obtained, with many studies not
reporting this; 2. whether life course education was considered; 3. how
education was operationalised; 4. how categorisations were determined;
5. how number of years was obtained when used; 6. how cut-offs were
decided, with very few studies providing justification for this; 7.
whether all educational attainment was included or just the highest
level; and 8. The use of low or high education as a reference category.

Objective 3: identifying the dose of education required to
reduce dementia risk.

3.4. Definitions of low education

The definition of low education varied widely between studies, as
represented in Table 1. Many studies defined low education in terms of
years but there was wide variation in the cut-offs used, with the number
of years defined as “low education” ranging from zero to less than one,
three, six, seven, eight, nine, ten, 11 or 12 years of study. Other studies
used levels of attainment to classify education as low, but here again this
ranged from not completing primary, grade or elementary school to not
completing high school, to having no qualification. Definitions of low
education that used illiteracy or a very low number of years were more
often used in LMIC (e.g. Turkey, Nigeria, China, Brazil) and Southern
European (Spain and Italy) settings, and definitions with less than 12
years or high school originated more often from the United States of
America or the United Kingdom. This was not consistent, however, with
some studies from the same country using very different definitions of
low education (e.g. different studies from Japan defined low education
as less than six years (Yoshitake et al., 1995) or finishing high school
before age 16 (Kotaki et al., 2019)).

3.5. Dose of education required for a statistically significant effect

Studies are ranked in GOfER 2 from lowest to highest in terms of the
cut-off used to dichotomise education. This means that studies using
illiteracy or zero years to define low education are represented at the top
in the GOfER and corresponding forest plot, and studies using a defini-
tion of low education that includes 12 years or less are represented at the
bottom. A visual trend in effect size towards the null value may be
perceptible as the definition of low education includes more years or a
higher level of attainment, particularly for any dementia. There was,
however, no apparent trend in terms of statistical significance and no
obvious dose or threshold required for an association between low ed-
ucation and dementia.
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Fig. 2. Categorisation of included studies by measurement and operationalisation of education. (Reference numbers for studies can be found in Supplementary

Table B).
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3.6. Sensitivity analyses

Restriction of analysis to studies that defined low education with a cut-
off that was less than or equal to eight years resulted in slightly higher
summary odds ratios of 1.93 (95%CI: 1.61-2.30) for AD and 1.54 (95%ClL:
1.35-1.75) for any dementia (compared with 1.85 (95% CI: 1.56-2.18) for

Table 1
Definitions of low education used in studies with categorical and dichotomous
operationalisations of education.

Author Year Country Definition of low
education

Categorical operationalisations

Bermejo- 2008  Spain illiterate

Pareja

Lobo 2011 Spain illiterate

Harmanci 2003  Turkey no schooling

Ojagbemi 2016  Nigeria 0 years

Zhang 1998  China 0 years

Nitrini 2004  Brazil 0 years illiterate

DiCarlo 2002  Italy 0-5 years

Yuan 2016  China <1 year

Ravaglia 2005  Italy <3 years

Chen 2011  China primary school or less

deBruijn 2015  Netherlands < primary or lower
vocational

vanOijen 2007  Netherlands primary

Dekhtyar 2015  Sweden elementary or less

AlHazzouri 2013  USA <6

Zeki

McDowell 2007  Canada <6 years

Schmand 1997  Netherlands <6 years

Nakahori 2018  Japan <6 years

Then 2016  Germany < elementary or basic
vocational

Letenneur 2000 Denmark, France, Netherlands, <7 years

UK

Dekhtyar 2016  Sweden <8 years

DeDeyn 2011  Belgium <9 years

Roberts 2012 USA <9 years

Kukull 2002 USA <12 years

Fitzpatrick 2004 USA <high school

Sullivan 2018 USA <high school

Cadar 2018  England no qualification

Valenzuela 2011  United Kingdom Unclear

Dichotomous operationalisations

Prince 2012  Cuba, Dominican Republic, illiterate

Venezuela, Peru, Mexico, China

Lee 2008  Korea illiterate

He 2000  China illiterate

Noale 2013 Italy <3 years

Marengoni 2011  Italy <3

Geerlings 1999  Netherlands <6 years

Yoshitake 1995  Japan <6 years

Letenneur 1999  France <primary school

Bickel 1994  Germany <=elementary or less

Luukinen 2005  Finland <grade school

Scarmeas 2001 USA <8 years

Stern 1994  USA <8 years

Karp 2009  Sweden <8 years

Schmand 1997  Netherlands Assume <8 years

Beard 1992  USA <9 years

Kaup 2014 USA <9th grade reading
level literacy

Shadlen 2006  USA <10 years

Then 2016  Germany <10 years

Borenstein 2005 USA <11 years

Kotaki 2019  Japan finished school before
age 16

Lopez 2003 USA <=high school

Moceri 2000 USA <=high school
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AD and 1.45 (95% CI: 1.29-1.63) for any dementia when all studies were
included). The I? statistic indicated less variability between studies when
this restricted definition of low education was used, with an I of 0.0% for
AD and 13.0% for any dementia, compared to 22.4% and 33.0% respec-
tively when all definitions of low education were included.

3.7. Risk of bias

3.7.1. Publication bias

Funnel plots representing the risk of publication bias, along with the
results of Egger’s test for small study effects, are reproduced in Fig. 3.
Visually there is a suggestion of asymmetry with under-representation of
smaller studies with non-significant results, however this does not serve
as proof of bias and could reflect other sources of heterogeneity between
studies (Sterne & Harbord, 2004). Egger’s regression test statistics did
not support evidence of publication bias.

3.7.2. Study risk of bias

Using a customised risk of bias tool for dementia studies, 20 of 65
studies were assessed to be at low risk of bias (Bermejo-Pareja et al.,
2008; Dekhtyar et al., 2015, 2016; Di Carlo et al., 2002; Hendrie et al.,
2018; Karp et al., 2009; Katz et al., 2012; Kotaki et al., 2019; Kukull
et al., 2002; Lee et al., 2008; Letenneur et al., 1999, 2000; McDowell
etal., 2007; Noale et al., 2013; Ravaglia et al., 2005; Roberts et al., 2012;
Scarmeas et al., 2001; Then et al., 2016; Yoshitake et al., 1995; Yuan
etal., 2016). All of the remaining 45 studies were categorised as medium
risk [ (Beard et al., 1992), (Bickel & Cooper, 1994; Borenstein et al.,
2005, 2014; Brayne et al., 2010; Cadar et al., 2018; Chen et al., 2011;
Contador et al., 2015; de Bruijn et al., 2015; De Deyn et al., 2011),
(Evans et al., 1997; Fischer et al., 2008; Fitzpatrick et al., 2004; Geerl-
ings et al., 1999; Harmanci et al., 2003; He et al., 2000), (Evans et al.,
1997; Fischer et al., 2008; Fitzpatrick et al., 2004; Geerlings et al., 1999;
Harmanci et al., 2003; He et al., 2000), (Evans et al., 1997; Fischer et al.,
2008; Fitzpatrick et al., 2004; Geerlings et al., 1999; Harmanci et al.,
2003; He et al., 2000), (Lindsay, 2002; Lobo et al., 2011; Lopez et al.,
2003; Luukinen et al., 2005; Marengoni et al., 2011), (Lindsay, 2002;
Lobo et al., 2011; Lopez et al., 2003; Luukinen et al., 2005; Marengoni
et al.,, 2011), (Lindsay, 2002; Lobo et al., 2011; Lopez et al., 2003;
Luukinen et al., 2005; Marengoni et al., 2011), (Lindsay, 2002; Lobo
et al., 2011; Lopez et al., 2003; Luukinen et al., 2005; Marengoni et al.,
2011), (Schmand et al., 1997a, 1997b; Shadlen et al., 2006; St John &
Montgomery, 2013; Stern et al., 1994; Sullivan et al., 2019; Tervo et al.,
2004; Tyas et al., 2001; Unverzagt et al., 2011, 2012; Valenzuela et al.,
2011; van Oijen et al., 2007), (Schmand et al., 1997a, 1997b; Shadlen
et al., 2006; St John & Montgomery, 2013; Stern et al., 1994; Sullivan
et al., 2019; Tervo et al., 2004; Tyas et al., 2001; Unverzagt et al., 2011,
2012; Valenzuela et al., 2011; van Oijen et al., 2007), (Zahodne et al.,
2016; Zeki Al Hazzouri et al., 2013; Zhang et al., 1998), (Zahodne et al.,
20165 Zeki Al Hazzouri et al., 2013; Zhang et al., 1998)], with no studies
found to be at a high risk of bias influencing results. The risk of bias tool
exposed the following aspects as being the most common in terms of
increasing the vulnerability of studies to bias: having a short follow-up
period or only one follow-up; not describing the differences between
included and excluded study participants; not including institutionalised
participants; and not defining the exposure measurement and oper-
ationalisation. The overall rating for each study is available in GOfERs 1
to 6 and Supplementary Table B. The risk of bias tool is presented in
Appendix B.
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Fig. 3. Funnel plots.

4. Discussion

Finding 1: A revised, attenuated and more precise summary
odds ratio for low education and any dementia.

This systematic review has updated and reiterated the evidence for
an association between education in early life and reduced risk of AD
and any dementia incidence, with the addition of 16 previously un-
considered studies. Results of meta-analyses suggest reduced risks of
eight per cent for AD and seven per cent for any dementia for each year
of education from continuous operationalisations (95% CI for AD:
5-12% reduced risk per year of education; 95% CI for any dementia:
6-9% reduced risk per year of education); and an 85% increased risk of
AD (95% CI: 56-118%) and 45% (95% CI: 29-63%) increased risk of any
dementia for those with low education from dichotomous
operationalisations.

Evidence was less conclusive for studies using categorical oper-
ationalisations of education: of 22 studies of the incidence of any de-
mentia, 40.9% showed no association between any of the education
levels and the reference category, 45.5% showed an association for some
but not all levels, and only 13.6% demonstrated an association for all
levels. Of ten studies of AD incidence, 70.0% showed an association
between some but not all levels and the reference category, with the

remaining 30.0% demonstrating an association for all levels. The ma-
jority of seven studies investigating education and VaD did not provide
evidence of an association (71.4%), however there were too few studies
for both VaD and the multiple MCI outcomes to attempt formal syn-
theses of effect sizes.

The finding of an association between low education and any de-
mentia reported here confirms findings from previous systematic re-
views, although the summary odds ratio of 1.45 (95% CIL: 1.29-1.63) has
higher precision and is somewhat attenuated compared to other meta-
analyses that reported ratios of 1.89 (95% CI: 1.61-2.22) (Valenzuela
& Sachdev, 2005), 1.59 (95% CI: 1.26-2.01) (Caamano-Isorna et al.,
2006), (Livingston et al., 2017), 1.88 (95% CIL: 1.51-2.34) (Meng &
D’Arcy, 2012), 1.72 (95% CI: 1.52-1.96) (Prince et al., 2014), and 1.81
(95% CI: 1.59-2.06) (Xu et al., 2016). One other meta-analysis,
restricted to only four studies due to the requirement that all studies
use the same cut-off of eight years of education, reported a higher
summary odds ratio of 1.99 (95% CI: 1.30-3.04) (Beydoun et al., 2014).
This higher ratio is comparable to the outcome of our sensitivity analysis
using the same eight year cut-off, resulting in a ratio of 1.54 (95%CI:
1.35-1.75). To the best of our knowledge, ours was the first review with
the objective of minimising heterogeneity by separating operationali-
sations of education into continuous, dichotomous and categorical
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groupings before conducting meta-analyses, and this may be one factor
underlying the lower odds ratios and narrower confidence intervals for
our estimates.

Finding 2: Inconsistency in definitions of low education calling
any summary odds ratio into question.

The wide variation of definitions of low education demonstrated in
Table 1, combined with the multiple and inconsistent approaches to
measuring and operationalising education demonstrated in Fig. 2, pro-
vide evidence that (low) education is not necessarily comparable across
studies of dementia incidence published to date. In this context, it is
important to question how meaningful any summary odds ratio truly is,
in terms of representing an overall risk of dementia for people with low
education. Risk ratios determined from an individual study will always
depend on the reference group risk in that population. This was illus-
trated in one of the included studies by Then et al., where several cut-offs
for low education were tested. Of adjusted hazard ratios produced cut-
ting education years at nine, ten and 12 years respectively, only the
adjusted ratio for ten years showed an association with incident de-
mentia (adjusted OR for risk of > 9 years education: 0.72, 95% CI:
0.51-1.00; adjusted OR for risk of > 10 years education: 0.68, 95% CI:
0.49-0.95; adjusted OR for risk of > 12 years education: 0.86, 95% CI:
0.61-1.22) (Then et al., 2016). This finding of statistically significant
and non-significant ratios depending on what year cut-off was used has
two implications: the first is that we must be wary of potential publi-
cation bias in representations of a dichotomous association between low
versus high education and dementia. As observational studies do not
typically publish their protocols prior to analysis and publication, it is
possible that a definition of low education is decided based on a cut-off
that provides a statistically significant association, thus increasing
chances of study publication. The second implication is that we must
question the appropriateness of combining ratios that have not used
comparable reference values because we cannot be sure that they
represent comparable risks in the respective populations. This is prob-
lematic not only because we do not know whether low education
defined as less than three years in one study is comparable with low
education defined as less than twelve years in another study; but also
because we do not know whether low education defined as ten years is
comparable in two different populations, given the wide global variation
in education systems and socioeconomic structures underlying access to
them, both now and historically.

Finding 3: Lack of evidence as to the dose required for dementia
prevention.

In the context of the discussion point above, it is unsurprising that no
clear dose of education emerged from the literature as sufficient to
reduce the risk of dementia. Visual examination of the dichotomous
forest plots and results of sensitivity analysis hint that definitions of low
education that include fewer years of education may result in higher
summary odds ratios in terms of dementia risk, but this requires further
testing in a study designed to test this hypothesis. Theoretically, the
finding from the continuous forest plots of a reduced risk per year of
education should have a mathematical limit that could provide insight
as to a dose, but to our knowledge this has not yet been described in the
literature and was beyond the scope of our study. Although a dose itself
remains elusive, Xu et al. have previously reported a dose-response trend
for both low and high education for risk of AD and any dementia using
studies with categorical operationalisations (Xu et al., 2016).

Interestingly, the results from our categorical operationalisation of
education demonstrate the difficulty of choosing cut-offs to determine
risks associated with education. Visual examination of the forest plots
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show a trend: as the reference education level grows larger in terms of
years of education included, effect sizes grow smaller and are more
likely to cross the null value of OR = 1.0, regardless of whether a low or
high education level has been used as the reference. In most categorical
investigations, low education does not appear to be a risk compared to
all education groups, but only compared to high education. This implies
that the effect of low education in studies using dichotomous oper-
ationalisations that arbitrarily divide a population into two parts may be
diluted by the lack of association between low education and “education
somewhere in the middle”. In fact, some of the summary odds ratios
produced in prior systematic reviews and reproduced widely in the
literature were based on individual ratios for the lowest education
category compared to the highest, thus inflating the risk of low educa-
tion in terms of the general population (Caamano-Isorna et al., 2006;
Livingston et al., 2017; Valenzuela & Sachdev, 2005; Xu et al., 2016).
Clarity regarding whether the risk of low education is in reference to a
select group of people with high education or to anyone else in the
population without low education is vital to making policy recommen-
dations to reduce population risk of dementia.

4.1. Limitations

Wide variation in adjustment strategies for the effect of confounding,
ranging from no adjustment, to adjustment for age and sex only, to
adjustment for multiple confounders, including confounders related to
cognition, is a factor for consideration when pooling results of studies.
Although we have attempted consistency in pooling the most adjusted
ratios from each study, the summary odds ratios may be influenced by
under- or over-adjustment for confounders in individual studies. There
were not enough studies reporting gender, racial, ethnic or cultural
differences to provide information about whether there is an interaction
between these factors and the association between education and de-
mentia. Such differences should be explored in future studies as it is
possible that the associations reported here do not apply for all genders,
races, ethnicities and cultures, due to structural inequalities in access to
education.

This review has attempted to draw attention to inconsistency in
measurements of education in studies associating it with AD, other de-
mentias and MCI. While this is an achievable task in terms of the
empirical measurement and operationalisation of education, it would be
less feasible if we wanted to compare the content and quality of edu-
cation across studies. A limitation of this study, therefore, is that the
effect of the heterogeneity in operationalisation of education may only
be a partial explanation for the heterogeneity of results, as these may
largely be explained by contextual differences in what is offered as ed-
ucation and how it is received. Rehkopf et al. discuss this problem in the
context of the consistency assumption that underlies the translation of
findings from observational studies to interventions aimed at improving
health outcomes. Specifically addressing the consistency of measure-
ments of education, these authors acknowledge that it is unknown how
findings related to education should be translated into interventions,
with areas to target including ages to begin or end compulsory
schooling, class sizes and student/teacher ratios, teacher skill levels,
classroom time and specific curriculae. According to Rehkopf et al., “the
link between what we measure in most observational studies of educa-
tion, and what matters for health, is not necessarily close” (Rehkopf,
Glymour, & Osypuk, 2016). In this sense it is disappointing that even
when a systematic review of the evidence from epidemiological studies
of the association between education and dementia incidence to date is
attempted, as we have here, inconsistency in measurements prevents
translations of these findings into recommendations for intervention,
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even at the most basic level of a dose of the number of years required to
reduce dementia risk.

4.2. The case for standardising the measurement and operationalisation
of education

The main focus of this analysis was the considerable inconsistency in
measurements of education in general, and cut-offs used to operation-
alise low education in particular, in epidemiological studies of dementia
risk. The fact that an association between low education and dementia
persists despite inconsistency in educational measurements, operation-
alisations and study contexts serves as testament to the robustness of the
association. However, it is clear that evidence in the field would be
strengthened and could provide further opportunities for practical
translation into policy if there was consistency in these measurements
and definitions cross-nationally and cross-culturally (Glymour &
Whitmer, 2019). The issue of measurement is one for the future, that
needs to be taken into consideration in the design of studies from now
on. The measurements we have today are the legacy of studies that were
designed and implemented many years ago. Given the context-specific
nature of the impact of education on different populations worldwide,
and the consistency consideration discussed above, this will take some
consideration and collaboration among researchers. In the meantime,
there is a pressing need to develop a standardised method for oper-
ationalising the measurements of education that we already have. It is
possible that standardisation may need to be context-specific, however
this need not prevent a consensus definition of low education that could
be applied on a country-by-country basis and then compared more
broadly. One possible example might be a cut-off related to the normal
distribution, defining low education as values falling in the lowest
quartile. A consistent definition such as this would provide information
about whether the risk factor of low education is related to an actual
number of years, or rather from being at the lowest end of what would be
described as a gradient effect (Marmot, 2015).

5. Conclusion

It is possible that underlying the lack of consensus in the handling of
the education variable in epidemiological investigations is a lack of
consensus among disciplines regarding what we are trying to measure
and the mechanisms by which it might reduce dementia risk. From a
neuroscientific standpoint, the aim may be to measure the sum total of
an exposure that is directly neuroprotective, as might be implied by
using number of years of education. From a psychological perspective, it
may be desirable to measure an overall level of attainment and
achievement, with accompanying psychosocial characteristics of
persistence and diligence, as could be inferred by measuring a highest
level of attainment. From a sociological viewpoint, it may be more
appropriate to develop a measure of education that represents its status
as a socioeconomic milestone that opens doors to a lifetime of better
opportunities, including better health in general and enhanced cognitive
health in particular. According to Sharp and Gatz, “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” (Sharp & Gatz, 2011). Given
this status of education as a multidisciplinary proxy variable, it is no
wonder that epidemiologists struggle to measure it. Our conclusion from
this review is that, while the evidence for an effect of education on de-
mentia risk is robust and appears to withstand heterogeneity in study
contexts, it could be strengthened to provide practical policy recom-
mendations for dementia prevention if consensus were achieved on
ways to define, measure and operationalise (low) education.
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