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ABSTRACT 

 

 

In the absence of curative therapies for Alzheimer’s disease (AD), primary prevention 

strategies are imperative.  As a component of the National Population Health Study of Neurological 

Conditions, systematic searches of the literature were conducted to identify lifestyle-related risk 

factors associated with AD.  Results of the overview of reviews was suggestive of an association 

between current smoking, lower social engagement, light-to-moderate alcohol consumption, higher 

educational attainment, and regular engagement in physically and cognitively stimulating activities 

with risk of AD.  Results of the de novo systematic review indicated that the available evidence was 

inadequate to suggest an association between stress (i.e. psychological, work-related) and stress 

indicators (i.e. PTSD, neuroticism) with risk of AD. Too few studies were identified in the updated 

systematic review on Mediterranean diet adherence to allow for definitive conclusions.  Important 

methodological limitations preclude the development of public health recommendations for primary 

prevention initiatives. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Epidemiology 

 

According to the Public Health Agency of Canada, Alzheimer’s disease (AD) is the most 

common form of dementia.
1
Although dementia and AD are age-related conditions, they are not 

considered to be typical of the normal aging process.
2,3 

 Dementia is a clinical syndrome 

characterized by “memory impairment and at least one of the following: aphasia, apraxia, agnosia, or 

a disturbance in executive functioning”.
4
  Dementia is characteristic of a number of conditions 

including, but not limited to, AD.
5,6  

AD involves irreparable neuronal degeneration which gives rise 

to a myriad of clinically detectable impairments.
7,8 

 Short- and long-term memory loss serve as the 

most pronounced cognitive marker of AD while non-cognitive indicators encompass declining 

physical capacity and alterations in behaviour.
8,9

 Characterized by debilitating symptoms which can 

dramatically impact quality of life, AD usually results in death within a decade post- diagnosis.
9
  

One in ten elderly Canadians had dementia in 2011 and approximately 60-70% of these 

cases were attributed to AD.
9
  There is consistent evidence to suggest that the incidence rates of AD 

increases with age.
10

  Incidence rates increase by 0.5% per year between age 65 to 70 and by 6 to 8% 

after age 85.
10

  Compared to figures estimated in 2008, a more than two-fold increase in AD 

incidence (103 700 to 257 800) and prevalence (480 600 to 1 125 000) is anticipated by 2038.
11

  In 

2008, the economic cost of AD was estimated at $15 billion, a figure expected to increase ten-fold by 

2038 ($153 billion).
12

  With an aging Canadian population, it is forecasted that by 2038, dementia 

will constitute as the “the highest economic, social, and health cost burden of all diseases in 

Canada”.
6
  

 

1.2 Pathophysiology 

 

Neuropathological evidence of AD requires the presence of amyloid plaques and 

neurofibrillary tangles.
13,14  

According to the amyloid cascade hypothesis, the pathogenesis of AD 

involves the development of amyloid plaques.
14

  Briefly, amyloid precursor protein gives rise to 

amyloid β (Aβ), the primary component of amyloid beta plaques responsible for neuronal damage in 

AD.
14

  While the particular mechanism of Aβ-initiated neuronal damage remains largely elusive, 

several hypotheses have been proposed.
15

   The detrimental effect of Aβ has been attributed to its 
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putative neurotoxic effects as well as its ability to trigger inflammation and oxidative stress, factors 

implicated in AD pathology.
15

 

 The amyloid cascade hypothesis also attempts to explain the mechanism leading to the 

development of the second indicator of AD, neurofibrillary tangles (NFT).  It postulates that the 

formation of NFT, from a protein referred to as “tau”, is a response to an influx of Aβ.
14

  In vivo 

research supports this hypothesis as “tau pathology [was] accelerated….by Aβ deposition”.
15

  

However, the validity of the amyloid cascade hypothesis has been questioned and further research is 

required to attain a better understanding of the relationship between Aβ and tau and their 

contribution to the pathogenesis of AD in general.
14,15

  It is important to note that mitochondrial 

dysfunction has been implicated in the pathophysiology of AD and is believed to initiate the 

development of  beta-amyloid plaques and NFTs.
16

 

Additional features of AD pathophysiology include neuronal and synaptic loss.
17

  Synaptic 

loss has proven to be more closely related to the clinical manifestation of AD (i.e. cognitive 

impairment) when compared to both amyloid plaques and neurofibrillary tangles.
17

 

 

1.3 Lifecourse perspective 

  

The lifecourse perspective postulates that AD is a result of exposure to detrimental factors 

across the lifespan.
18

  Neuropathological changes associated with AD are believed to begin several 

decades before symptoms can be detected.
18

  Neuropathological correlates of AD have been 

observed as early as the second decade of life.
18

  However, the clinical expression of AD typically 

occurs in late-life.
18

 

While the impact of genetic predisposition cannot be overlooked, exposures encountered 

throughout the lifespan may also influenceetiology.
18

  Several early-life factors have been implicated 

in the development of AD.  Early-life obesity, for example, may predispose individuals to chronic 

diseases such as diabetes and hypertension, both of which are putative risk factors for AD.
18

  Parental 

socioeconomic status is believed to impact several factors, all of which may play a role in AD risk.
18

  

These factors include offspring nutritional status, educational achievement, and future 

socioeconomic status.  In particular, early-life nutritional status is imperative for brain development 

which in part, impacts cognitive reserve.
18

 

In midlife, vascular (e.g. hypertension, hypercholesterolemia, diabetes, etc.) and lifestyle 

(e.g. smoking, physical activity, etc.) factors have been implicated in the development of dementia.
19

  

In late-life, social support, access to health care, and co-existing diseases are putative factors 

involved in the etiological process.
19

  Certain factors may impact disease development in all stages of 
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life.
19

  For example, socioeconomic status in early-, mid, and late-life is believed to impact risk of 

AD and dementia.
19

  Other factors may exert a differential effect depending on the timing of 

“exposure”.
20

  For example, obesity in mid- but not late-life appears to increase risk of AD and 

dementia.
20

 

Exposures acquired across the lifespan may directly impact the neuropathological process of 

AD.
18

  Alternatively, certain factors may delay the clinical expression of the disease by increasing 

cognitive reserve.
18

  The concept of cognitive reserve, as it relates to education, physical activity, and 

cognitively stimulating activities is described in further detail in Chapter 3. 

 

1.4 Diagnosis       

 

A definite diagnosis of AD can only be confirmed following post-mortem examination; 

however, several criteria have been developed to diagnose cases of possible or probable AD in living 

subjects.
15,21,22,23

  Widely accepted criteria for the clinical diagnosis of AD include the Diagnostic 

and Statistical Manual of Mental Disorders, fourth edition (DSM-IV-TR), the Neurological 

Disorders and Stroke-Alzheimer Disease and Related Disorders Association (NINCDS-ADRDA), 

and the World Health Organization’s (WHO) International Classification of Diseases (10
th
 revision, 

ICD-10).
22,23

   

Developed in 1984, the original NINCDS-ADRDA criteria for probable AD requires 

evidence of gradual disease progression in the absence of other brain disorders.
22

  However, a 

diagnosis of definite AD requires clinical and histopathological evidence.
22,24  

Advancements in AD 

research warranted an update of the original NINCDS-ADRDA criteria.
17

  Recent publications from 

the working group, convened in 2009, outline the revisions to the original criteria.
17

  Briefly, notable 

changes to the NINCDS-ADRDA criteria include:  (1) differentiation between the 

“pathophysiological process” of AD and the clinical manifestation of the disease, (2) criteria for 

distinguishing between AD and non-AD dementias, (3) addition of two classes of biomarkers 

(biomarkers of Aβ elevation and neuronal damage) for diagnostic purposes, and (4) the development 

and “formalization of different stages of disease”.
17

  To reduce the occurrence of disease 

misclassification error in epidemiological studies, the use of sensitive and specific criteria for 

outcome ascertainment is of paramount importance.
25

  In comparison to the most rigorous method 

for AD ascertainment, namely post-mortem neuropathologic examinations, studies have suggested 

that the NINCDS-ADRDA “has fair sensitivity (49-100%) and specificity (47-100%)” for the 
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diagnosis of probable AD.
26

  The sensitivity (85 to 96%) but not specificity (32 to 61%) indexes are 

said to be higher for diagnoses of possible AD.
26

 

According to the DSM-IV-TR criteria, a positive diagnosis of AD necessitates cognitive 

impairment and memory deficits.
22

  Both the ICD-10 and DSM-IVcriteria distinguish between early 

and late onset cases and both attempt to exclude other conditions which may explain symptomology 

(e.g. substance abuse, other neurological disorders).
23,24

  All three diagnostic criteria emphasize the 

importance of gradual onset as an inclusionary criterion.
24

 

Several limitations of the available clinical diagnostic criteria have been noted.   

An important limitation involves the reliance on subjective judgement.
24

  The subjectivity is rooted 

in the “lack of operationalization” (i.e. definitions and guidelines) of the NINCDS-ADRDA, ICD-10, 

and DSM-IV criteria.
24

  With respect to the NINCDS-ADRDA criteria, subjectivity is reflected in the 

“low to moderate” interrater reliability reported in the literature.
27

  The issue of misdiagnosis must 

also be raised.  Studies with histopathologic evidence suggest that Parkinson’s disease is most 

commonly misdiagnosed as AD antemortem.
24

 

The lack of objective measures to detect pathophysiology antemortem has been cited as an 

important limitation.
28

  The revised NINCDS-ADRDA has addressed this limitation by including 

biomarkers (i.e. “fluid and imaging measures”) indicative of AD pathophysiology (i.e. atrophy, 

elevations in both amyloid beta and CSF tau, etc.) as a component of the diagnostic process.
17

  The 

addition of biomarkers is believed to not only aid the clinical diagnosis of AD, but also the detection 

of pre-clinical dementia, which due to the absence of symptomology, is undetectable using clinical 

diagnostic criteria.
17,28

  This constitutes an important advancement as biomarkers enable earlier 

disease detection.
28

  While biomarker analysis represent a step forward, validation and 

standardization of the biomarkers are needed.
17

  With respect to standardization, acceptable 

thresholds for the “continuous” biomarker data (i.e. “clearly normal, clearly abnormal, and perhaps 

intermediate”) need to be developed.
17

 

The inability to adequately differentiate between dementia subtypes, particularly between 

AD and frontotemporal dementia, is also a limitation of the previous version of the NINCDS-

ADRDA.
24,27

  As noted by the working group, advancements in research with respect to 

“distinguishing features” across dementia subtypes have enabled improvements to the criteria.
29

  The 

revised NINCDS-ADRDA has incorporated explicit exclusionary criteria for subtypes such as 

frontotemporal dementia and dementia with Lewy bodies.
29

 

Advancements in AD research have also necessitated the update of the 1997 National 

Institute on Aging/Reagan Institute of the Alzheimer Association Consensus Recommendations for 

the Postmortem Diagnosis of AD (NIA-Reagan criteria).
30

  Prior to the update, the 1997 version 
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served as the “most current guidelines”.
31

  As there now evidence to suggest that neuropathology 

may not directly correlate with clinical manifestation of AD, the newly revised neuropathological 

criteria no longer require antemortem evidence of dementia.
30

  The new criteria also provide detailed 

guidelines for the identification of histopathological evidence of “co-existing” diseases (e.g. Lewy 

body disease, cerebrovascular disease, etc.).
30

  Further, the consideration of biomarker and genetic 

findings in the diagnostic process was also introduced.
30

  While the revised criteria are in keeping 

with advances in research, the subjectivity associated with previous criteria remains a limitation.
32

 

 

1.5 Issue 

 

Despite the abundance of Alzheimer’s disease research, the etiology of the disease is not yet 

understood.
6
  To date, a number of risk factors for AD have been identified including age, family 

history, mild cognitive impairment, and smoking.
6
  In a recent search of the literature aimed at 

identifying observational studies investigating potential risk factors for the development of AD, a 

total of 4350 potentially relevant citations were identified.  In an effort to synthesize this evidence, a 

number of these observational studies have been incorporated into existing systematic reviews.  A 

search restricted to systematic reviews and meta-analyses yielded 667 potentially relevant citations.  

This large number of retrieved records is reflective of the “explosive growth in the number of 

systematic reviews and meta-analyses” being published.
33

  As a rapidly developing field of research, 

providing a concise report on risk factors associated with AD etiology is imperative for guiding 

primary prevention efforts, clinical decision-making, informing health care policy, and ultimately 

reducing disease incidence. 

The need to identify and synthesize the available evidence has been identified as an 

objective of the National Population Health Study of Neurological Conditions commissioned by the 

Public Health Agency of Canada (PHAC) and the Neurological Health Charities Canada (NHCC).  

As a component of this expansive project, the objective of the present study was to provide a 

comprehensive synthesis of risk factors associated with AD.  Ultimately, the incidence, severity and 

disabling nature of AD, as well as the extensive economic and social costs attributed to this 

neurological condition, warrant the systematic and comprehensive search and summary of etiological 

risk factors associated with the disease. 
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1.6 Lifestyle risk factors 

 

Risk factors can be divided into two distinct categories: modifiable factors and immutable 

factors.  While the identification of immutable factors provides insight into disease etiology, their 

non-modifiable nature precludes primary prevention efforts.  Alternatively, identification of 

modifiable factors involved in the causal pathway can spearhead individual- and population-level 

interventions to address these factors and ultimately mitigate AD risk.  Despite advancements in AD 

research, currently, there are no available curative therapies for AD.
34

  Consequently, primary 

prevention by targeting modifiable factors might confer the most pronounced public health impact.
34

 

Research suggests that the adoption of risk-reducing lifestyle behaviours such as mental 

stimulation, physical activity, and consuming a low fat diet may serve as components of a primary 

prevention strategy for AD.
35

  While lifestyle-related factors may encompass a small number of all 

putative modifiable factors, integration of risk-reducing behaviours and avoidance of detrimental 

factors serve as relatively straightforward interventions adoptable at the individual level.  Further, 

there is research to suggest that modifiable risk factors may account for a considerable proportion of 

AD cases globally.
36

  One systematic review examined the population attributable risk of several 

modifiable risk factors (i.e. “diabetes, mid-life hypertension, midlife obesity, smoking, depression, 

low educational attainment, and physical inactivity”).
36

  Relative risks were estimated by meta-

analysis.  Considered cumulatively, these factors appeared to account for “half of AD cases globally 

(17.2 million) and in the US (2.9 million).”
36

  Considered individually, the study found that 13%, 

14%, and 19% of global cases of AD are attributed to physical inactivity, smoking, and low levels of 

education, respectively.  It estimated that approximately 1 to 1.4 million global cases of AD would 

be avoided by decreasing smoking, physical inactivity, or low educational attainment by 25%.  In the 

US alone, a 25% reduction in low educational attainment, smoking, and physical inactivity would 

avoid 91 000, 130 000, and 230 000cases, respectively.
36

  It is important to exercise caution when 

interpreting the derived estimates as PAR “assumes that there is a causal relation...”.
36

  While these 

variables may be associated with AD, causation cannot be established based on the available 

observational evidence.
37

  Also, only a few of several putative lifestyle-related factors were 

considered.
36

 

As the only available means for preventing the onset of AD, the focus of this body of work 

was to identify modifiable factors, namely lifestyle-related  factors or “...patterns of living that [an 

individual chooses] to follow”
38

 which are associated with risk of developing AD.  While modifiable, 

chronic illnesses such as hypertension and diabetes mellitus are secondary to or in part a result of 

primary lifestyle factors such as physical activity levels and dietary choices.
39,40,41  

These and other 
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putative risk factors for AD (i.e. environmental, genetic, biological, pharmacological, etc.) have been 

reviewed separately for the National Population Health Study of Neurological Conditions and will 

not be described herein. 

The study of lifestyle risk factors primarily relies on findings from observational studies 

which are susceptible to several sources of bias.  In particular, the potential for reverse causation 

poses a particular challenge.  Presence of preclinical dementia or AD may alter exposure status.
42

  

Those with preclinical AD or dementia may, for example, reduce the frequency at which they 

participate in cognitive leisure activities due to the onset of memory and cognitive deficits.
42

  Studies 

which fail to adequately exclude participants with preclinical dementia are susceptible to bias due to 

reverse causation.
42

  Other important methodological issues are presented throughout the report and 

further summarized in Chapter 6. 

1.7 Overview 

 

This study is designed to answer several questions pertaining to the etiology of AD.  

According to Whitlocke et al., unlike traditional systematic reviews, reviews attempting to “evaluate 

a number of linked clinical questions, multiple interventions or diagnostic tests, different or distinct 

population groups, and/or many outcomes” are considered “complex reviews”.
33

  Since the study is 

aimed at answering a number of related questions, more specifically, the role of several lifestyle-

related risk factors on AD, the current study is considered a complex review.  Although systematic 

reviews traditionally involve a review of original studies, the incorporation of existing systematic 

reviews and meta-analyses in complex reviews is common and avoids duplication of existing work.
33

  

The thesis consists of three components: (1) an overview of existing systematic reviews, (2) an 

update to an existing systematic review, and (3) a de novo systematic review of an etiological risk 

factor that has not been considered in an existing systematic review.   

Briefly, for the preliminary phase of the complex review, a systematic search of the literature 

was conducted to identify and synthesize evidence from existing systematic reviews.  The 

preliminary phase was also integral for identifying gaps in the available systematic review literature 

and for informing the second and third phases of the thesis which involved an update of an existing 

systematic review on Mediterranean diet adherence and a de novo systematic review on stress and 

stress indicators. 
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CHAPTER 2: METHODOLOGY 

 

2.1 Lifestyle-related risk factors for Alzheimer’s disease: an overview of systematic reviews 

 

2.1.1 Objective 

 

The objective of the preliminary phase of the complex review was to identify lifestyle-

related risk factors for Alzheimer’s disease through a systematic and comprehensive search of the 

literature.   

 

2.1.2 Literature search strategy 

 

A search strategy designed to locate systematic reviews was developed by the lead reviewer 

in consultation with an information specialist.  The search strategy was developed in the MEDLINE 

and MEDLINE In-Process & Other Non-Indexed Citations databases.  The search strategy was 

comprised of keywords and MEDLINE controlled vocabulary or “medical subject headings” (meSH) 

relating to three concepts: disease terminology, risk/risk factor terminology, and review terminology.  

Keywords and mesh terms within each concept were combined using the BOOLEAN operator “OR” 

while the concepts themselves were combined using the BOOLEAN operator “AND”.   A 

methodological filter was applied to identify systematic reviews and meta-analyses while eliminating 

studies with alternate methodological designs.  A second filter was incorporated to restrict the search 

to studies examining etiological risk factors.  The search was further limited to humans and to studies 

published in English and French as resources for translating foreign language studies were 

unavailable.  The search strategy developed in OVID MEDLINE served as a template for the 

development of search strategies tailored to other databases.  In alternate databases, the search 

strategy retained its structure; however, database-specific medical subject headings and filters were 

applied to ensure compatibility.   

Based on recommendations by Whitlocke et al., “higher-yield” bibliographic databases for 

systematic reviews, such as the Cochrane Database of Systematic Reviews and Database of 

Abstracts of Reviews of Effects (DARE) were also searched.
33

  To maximize the comprehensiveness 

of the search, additional databases including PubMed, EMBASE, CINAHL, HuGENET, 

PsychINFO, TOXNET Toxicology Data Network and AARP Ageline were searched to identify 

systematic reviews. Data was also abstracted from the AlzGene database to supplement the search 

for genetic variants associated with AD.  The initial search was conducted in September 2011.  The 
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OVID AutoAlerts feature was enabled to ensure that newly indexed relevant articles were received 

through email notification.  The AutoAlerts feature was disabled on December 31, 2011.  Databases 

lacking an AutoAlerts feature were re-searched until the end of December 2011. Therefore, the study 

should have captured all relevant systematic reviews indexed in the searched databases up to 

December 31, 2011. 

The tendency for studies reporting positive findings to be published more often than studies 

reporting negative findings may give rise to publication bias.
43

  To minimize the potential for 

publication bias, the grey literature was searched to identify unpublished systematic reviews. The 

grey literature search involved a search of the ProQuest Digital Dissertations and Theses database, an 

internet search of Google and GoogleScholar, and the search of disease-specific journals, namely, 

the American Journal of Alzheimer’s Disease and Other Dementias and the International Journal of 

Alzheimer’s Disease.  In addition, the reference lists of important articles were handsearched to 

identify relevant systematic reviews.  Refer to Appendix A-1 for the grey literature and database 

specific search strategies. 

 

2.1.3 Selection Criteria  

 

Studies identified from the database and grey literature searchers were exported from the 

databases into a reference management software package (Reference Manager, version 10.0; Thomas 

Reuters; New York, NY).  Once imported into Reference Manager 10.0, the retrieved articles were 

then imported into DistillerSR, an internet-based screening and data extraction tool (DistillerSR, 

Evidence Partners, Ottawa, Canada) for the screening and data extraction processes.  Briefly, 

DistillerSR was organized into a number of “levels”.  A two-tiered approach was adopted for the 

screening process.  The title and abstracts of the identified studies were screened in the first of the 

two screening levels.  Based on the review of the title and abstract, relevant studies were retained for 

further examination in the secondary screening level while studies failing to satisfy the eligibility 

criteria were excluded.  In the event that a study’s relevancy was unclear based on a review of the 

title and abstract alone, the study was retained for further examination in the secondary screening 

level.  The entire publication was reviewed to ascertain relevancy in the secondary screening level.  

The eligibility of a given study was determined according to adherence to a priori established 

selection criteria pertaining to the population, exposure, outcome, and study design. 

 

Studies were eligible for inclusion if the following inclusion criteria were satisfied: 
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 Population:“(1) Humans, (2) Adults”
20

 

 Exposure: Risk factors/exposures associated with the development of Alzheimer's disease 

 Outcome:  Diagnosis of Alzheimer’s disease  

 Study Design:  Systematic reviews.  For the purpose of this study, the following operational 

definition of a systematic review was adopted: “a systematic, explicit, [comprehensive], and 

reproducible method for identifying, evaluating, and synthesizing the existing body of 

completed and recorded work produced by researchers, scholars, and practitioners”.
44

  To 

ensure that the review is reproducible, databases searched and the inclusion/exclusion 

criteria used to establish relevancy must be explicitly stated.
45

  Based on the definition, 

specific criteria were developed to distinguish systematic reviews from literature reviews. 

More specifically, for the purpose of this study, a literature review was considered to be 

systematic in nature if it adhered to the following criteria: (1) must indicate that a 

computerized literature search was conducted, (2) must explicitly state the inclusion and/or 

exclusion criteria used. 

 Time period: All years up to December 31, 2011 

 Publication languages: French and English studies 

 

Systematic reviews and meta-analyses were excluded from the review if: 

 

 The study examined etiological risk factors for cognitive decline, Mild Cognitive 

Impairment or non-AD dementias (e.g. Frontotemporal dementia, Pick’s disease, 

Lewy body dementia, vascular dementia, Creutzfeldt-Jakob disease) 

 The study failed to distinguish AD from all-cause dementia or dementia subtypes 

(i.e. risk estimates not reported for AD ) 

 The study employed an alternative methodological design (e.g. observational 

studies, randomized controlled trials, narrative reviews, case-studies, editorials, 

expert opinions, etc.) 

 The study focused on prognostic risk factors or therapeutic approaches 

 The report was not conducted in human subjects 

 The report did not adhere to our definition of a systematic review:   
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- The study failed to specify that a computerized search was conducted ( i.e. 

included studies were not identified using a systematic search of databases) 

- A priori established inclusion/exclusion criteria were not explicitly stated or 

were vague(e.g. reviews that simply state that “all studies relevant to the 

exposure and outcome were included” or “all English language studies were 

included”)  

 Reports was written in a language other than English or French 

 Entire publication could not be obtained 

 

2.1.4 Study Selection Method   

  

To minimize the biased inclusion of studies, screening was conducted independently by two 

reviewers.  The “liberal accelerated” duplicate screening process, employed in the conduct of 

systematic reviews by the Ottawa Methods Center, was used in this study.
46

  Briefly, only studies 

that were deemed irrelevant and consequently eliminated by the lead reviewer underwent 

independent review by a secondary reviewer.  The liberal accelerated method was employed to 

reduce the number of articles that required duplicate screening resulting in a more efficient use of 

resources.
46

  In the event of discordance between reviewers, the study in question was re-examined 

by both reviewers and a decision was reached through consensus.  Studies that adhered to the 

selection criteria advanced to the quality assessment phase of the review. 

Based on recommendations, the DistillerSR screening levels were piloted by both the lead 

and secondary reviewer on a sample of 5 systematic reviews prior to study onset.
47

  A record of 

screening for both levels was maintained in DistillerSR where a weighted Cohen’s Kappa coefficient 

was computed to measure the inter-rater agreement.  A minimum Cohen’s Kappa statistic of 0.61 – 

0.80, indicating “substantial agreement”, was required to consider the pilot screening successful.
48

  A 

weighted Cohen’s Kappa of 0.77 was achieved.
48

 

 

2.1.5 Quality Assessment  

 

According to recommendations put forth by Whitlocke et al., assessing the quality of 

existing systematic reviews is of paramount importance when attempting to incorporate existing 

systematic reviews in a given review of the literature.
33

  To minimize the potential for bias, 

Whitlocke et al. recommends that inclusion should be restricted to higher-quality systematic 
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reviews.
33

  Despite the subjectivity associated with quality assessment tools, Whitlocke et al. 

recommends the use of the Assessment of Multiple Systematic Reviews (AMSTAR) tool for 

evaluating the quality of existing systematic reviews.
33

 

The AMSTAR instrument (Appendix A-2) is a checklist composed of 11 criteria.
49

  Briefly, 

the AMSTAR instrument considers the thoroughness of the search strategy, susceptibility to bias, 

and the appropriateness of the statistical techniques used to meta-analyze the data.
49

  To receive a 

point for the first item of the AMSTAR instrument, reviewers must have indicated the objective of 

the review and they must have stated the a priori established inclusion criteria used for assessing 

relevancy.  A point was assigned for the second item of the instrument if the study screening and 

data extraction processes were conducted independently by at least two reviewers and if a consensus 

procedure was specified for disagreements for the screening and/or data extraction phases.  A point 

was not provided if extraction was conducted by one reviewer and verified by another.  A review 

received a point for the third item if a comprehensive search of the existing literature was conducted 

to identify relevant studies.  Each of the following criteria had to be satisfied to receive a point for 

the third item:  (a) search of more than one database, (b) databases searched and years included in the 

search strategy explicitly stated, (c) keywords or MeSH terms used in the search strategy specified, 

(d) search strategy provided, and (e) search was “supplemented by consulting current contents, 

reviews, textbooks, specialized registers, or experts in the field, and by reviewing the references in 

the studies found”.
49

  To receive a point for the fourth item, reviewers had to specify reasons for 

exclusion (i.e. on the basis of language or publication status) and that “they searched reports 

regardless of publication type”.
49

  The latter criterion required reviewers to report that the grey 

literature was searched to identify unpublished studies.  A point was assigned for the fifth and sixth 

criteria if a list of included and excluded studies was provided and if the characteristics of the 

included studies were summarized in an evidence table, respectively.  However, in order for a point 

to be assigned for the sixth item, the evidence table must have included data pertaining to the 

participants, interventions, and outcomes of the included studies.  In order to earn a point for the 

seventh item, studies must have been quality assessed.  A point was allocated for the eighth item if 

subgroup analyses based on methodological quality were conducted and/or the methodological 

limitations of the included studies were taken into account when deriving conclusions.  If a meta-

analysis was conducted, a point was assigned for the ninth item if heterogeneity was assessed and if 

appropriate methods were employed to address the heterogeneity (e.g. random effects method was 

utilized or a pooled analysis was relinquished altogether).  If the reviewers assessed publication bias, 

a point was assigned for item 10.  Lastly, in order to earn a point for the eleventh item of the 
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AMSTAR tool, the reviewers had to disclose any conflicts of interest.  In addition, the funding 

sources of the included studies had to be specified in the review.  

Points assigned to each item were combined and a total AMSTAR score was derived.  

Reviews were then categorized as high, moderate, or low quality according to the thresholds 

employed by the Canadian Agency for Drugs and Technologies in Health (CADTH).  Reviews with 

a total score ranging from 0 to 3 were deemed to be of low methodological quality, those scoring 4 to 

7 points were considered moderate-quality reviews, and high quality reviews required 8 to 11 

points.
50

   

The AMSTAR quality assessment tool was piloted on five studies by both reviewers prior to 

the onset of the study.  To ensure that the quality assessment process was standardized, the total 

score assigned to each of the five studies included in the piloting process were compared.  Because 

the use of the AMSTAR tool requires “subjective judgment”, a successful pilot testing of this tool 

required that both reviewers rate the study as the same quality category rather than assigning the 

same numerical score.
49

  The same quality category was assigned by both reviewers for all five 

studies included in the piloting process.   

To minimize the subjectivity of the quality assessment process, quality assessment was 

conducted by two independent reviewers.  However, due to limited resources, duplicate quality 

assessment was only feasible for a randomly selected, 10% sample of studies.  In the event of 

discordant scoring between the reviewers, consensus was achieved through discussion.  Only 

moderate and high quality reviews were eligible for inclusion.  All low quality reviews were 

excluded from the complex review. 

 

2.1.6 Data Extraction Strategy        

   

 

Data extraction of moderate and high quality systematic reviews was conducted in 

DistillerSR.  The extraction process was divided into three levels.  Each level was composed of an a 

priori established, standardized data extraction form.  Data pertaining to the study populations, 

methodology, and results were collected.  Abstracted population variables included sex, age, co-

morbidities, race, country of origin, type of AD, and the severity and duration of the disease.  

Methodological variables included the exposure under study, the setting of the included studies (e.g. 

community-, population-, or institution-based studies), study design (e.g. cohort, case-control, etc.), 

the inclusion/exclusion criteria of the review, databases and years searched, elements of the search 

strategy (e.g. meSH terms and keywords), and the quality assessment instruments used.  With respect 
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to the results of the review, results of the pooled analysis, subgroup analyses, and tests for 

publication bias were extracted.  For reviews without a meta-analytic component, risk estimates from 

included primary studies were presented.  Conclusions drawn by review authors were summarized 

and reported. 

The data extraction process was conducted by the lead reviewer.  To minimize the potential 

for bias, a second reviewer was responsible for extracting data from a randomly selected 10% sample 

of studies.  In the event of discordant data collection, consensus was established through discussion.   

 

2.2 Updating existing systematic reviews or conducting de novo syntheses 

 

Existing reviews of high methodological quality present a low risk of bias and thus do not 

require a de novo synthesis.
51

  However, despite the methodological rigor of high-quality reviews, 

the validity of their findings may be compromised if the reviews are out of date.
45

  To ensure that 

high quality reviews remain valid, they must be updated with newly emerging evidence.
45

  

According to Moher et al., an update of a systematic review is defined as “…a discrete event with 

the aim to search for and identify new evidence to incorporate into a previously completed 

systematic review”.
45

  An update requires that the original protocol of the existing review be 

“retained” and replicated.
45

  The aim is to identify new evidence which has not been captured in an 

existing review.
45

  Broadening the scope of the original search strategy by searching additional 

bibliographic databases can be considered an update of an existing systematic review.
45

  Similarly, 

attempting to identify evidence which has emerged after the completion of an existing systematic 

review also constitutes an update.
45

  Moher et al. suggest that an attempt to identify new evidence is 

considered an update even if the attempt does not yield novel evidence.
45

 

A brief decision tool was developed to allow for a systematic approach in deciding whether 

an existing systematic review was eligible for an update (Figure 1).  Reviews rated to be of high 

methodological quality satisfied the first criterion for an update.  In addition to receiving a “high” 

score on the AMSTAR tool, existing reviews had to also satisfy three a priori criteria: duplicate 

screening, duplicate data extraction, and quality assessment of the included studies.
52

  Although 

duplicate screening and data extraction are widely recommended, limited resources often 

necessitates independent, duplicate screening and extraction of only a sample of studies.  As such, 

partial duplicate screening and extraction were considered permissible.  High quality reviews failing 

to satisfy the criteria were ineligible for an update and necessitated a de novo systematic review. 

De novo systematic reviews were warranted if any of the following were satisfied: (1) 

existing systematic reviews were of poor or moderate methodological, (2) high quality reviews did 
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not conduct duplicate screening/extraction and/or quality assessment of primary studies, (3) the 

original search strategy was not readily available or could not be obtained from authors for 

replication, (4) risk factor was not addressed in an existing systematic review, or (5) existing reviews 

arrived at discordant conclusions.   

As the aim of the National Population Health Study was to synthesize high quality, up-to-

date evidence, conducting an update or de novo systematic review were proposed as the only two 

options.  While it is recognized that conducting an update of a recent high quality review may be 

futile, the recency of systematic reviews was not a factor which was considered when developing the 

decision tool.  In fact, there is currently “no formal consensus on when to update a systematic 

review”.
53

  As such, all high quality reviews which adhered to the outlined criteria were eligible for 

an update irrespective of year of publication.   

Using the decision tool, one updated review and one de novo systematic review were 

conducted.  One high quality review reporting on the effect of Mediterranean diet adherence and risk 

of AD was identified and satisfied the eligibility criteria for an updated review.  A de novo synthesis 

was conducted for a putative risk factor (i.e. psychological stress) which was not investigated in an 

existing review.  The methodology and results of these reviews are reported in Chapters 4 and 5.  

While the remaining risk factors were also eligible for an update or de novo analysis, this was not 

feasible in the timeframe of the study. 
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Figure 1 – Decision tool for deciding on an updated review or de novo synthesis 

Yes 
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2.3 Grading the Quality of Evidence 

 

The quality of evidence was evaluated according to the Grading of Recommendations, 

Assessment, Development and Evaluation (GRADE) approach.  Evidence from observational studies 

are assigned a “low” grade.
54

  However, certain conditions may warrant an increase in the overall 

grade of evidence.  These criteria include the availability of strong or very strong evidence of an 

association with “no plausible confounders” or “no major threats to validity”, respectively.
54

  

Presence of a dose response relationship and evidence that “all plausible confounders would have 

reduced the effect” also necessitate an increase in the grade of evidence.
54

  Results of this analysis 

were intended to justify the development of recommendations with respect to public health 

interventions. 
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CHAPTER 3: RESULTS AND DISCUSSION OF THE OVERVIEW OF REVIEWS 

 

3.1 Literature Search Results 

 

The database and grey literature search yielded 1384 and 428 records, respectively.  A total 

of 1301 unique records remained after duplicates were removed in DistillerSR.  The titles and 

abstract of the 1301 studies were reviewed according to the standard screening protocol.  A total of 

736 were excluded; the remaining 565 records underwent complete article screening.  A total of 444 

records satisfied one or more of the exclusion criteria and were consequently excluded.  More 

specifically, 67 records were excluded because incidence of AD was not an outcome or the review 

did not adequately distinguish AD from all-cause dementia (i.e. risk estimates for AD were not 

reported), 52 records did not examine incidence of AD associated with exposure to a given 

etiological risk factor(s), 320 records did not adhere to our definition of a systematic review, one 

record was not published in English or French, one record was a commentary/letter to the editor, and 

three records were excluded because the entire publication could not be retrieved.  Refer to Figure 2 

for the flow of studies at each stage of the review process.  A list of the 444 studies excluded in the 

secondary screening phase, along with reasons for exclusion, can be found in Appendix A-3.   

A total of 121 relevant studies were quality assessed according to the AMSTAR instrument.  

Thirty-nine studies were deemed to be of low methodological quality (AMSTAR score ≤ 3) and were 

consequently excluded from the study.  Refer to Appendix A-4 for a list of the excluded low quality 

systematic reviews accompanied by the assigned AMSTAR score.  Refer to Appendix A-6 for details 

regarding the assessment of each AMSTAR item and the overall quality score assigned to each 

relevant study. 

The remaining 82 studies were of moderate or high methodological quality.  One
55

 moderate 

quality review, identified through the OVID AutoAlerts feature, was excluded as it was a manuscript 

version of an identified Health Technology Assessment (HTA)
20

.  Consequently, the remaining 81 

systematic reviews were included in the report for the National Population Health Study of 

Neurological Conditions.  A list of the 81 reviews can be found in Appendix A-7.  Of these 81 

systematic reviews, 27 examined lifestyle risk factors and were included in the qualitative synthesis 

of the present study.  The remaining reviews, which examined non-lifestyle risk factors, are reviewed 

separately and are not presented herein.  Refer to Appendix A-5 for a list of reviews included in the 

present study. 
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428 records identified through grey 

literature searching 

1301 records after duplicates removed 

1301 records underwent title and 

abstract screening  

 

444 records excluded: 

 

 Incidence of AD was not an 

outcome/Risk estimates for AD 

not reported (n=67) 

 Did not focus on etiological 

risk factors (n = 52) 

 Not systematic reviews (n = 

320) 

 Not published in 

English/French (n=1) 

 Commentary/Letter to Editor 

(n=1) 

 Article could not be retrieved 

(n=3) 

 

736 records excluded 

565 full-text articles assessed for 

eligibility 

121 studies quality assessed  

39 reviews excluded due to low 

methodological quality (AMSTAR score ≤ 3) 

(see Appendix A-4) 

82 eligible systematic reviews  
1 duplicate excluded 

81 systematic reviews included in the report for the National Population Health 

Study of Neurological Conditions (see Appendix A-7) 
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1384 records identified through database 

searching 

 

 

27 systematic reviews examined lifestyle risk factors and were 

included in qualitative synthesis of the present study (see Appendix 

A-5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Template source:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 

doi:10.1371/journal.pmed1000097

Figure 2 - PRISMA Flow Diagram: Overview of Systematic Reviews 
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3.2 Alcohol 

 

Evidence from experimental and epidemiological studies suggest that light-to-moderate 

alcohol consumption may exert a protective effect against the development of AD and other 

cognitive outcomes.
56,57

  It has been suggested that the neuroprotection offered by alcoholic 

beverages is attributed to their antioxidant properties and pathways which mitigate the adverse 

effects of vascular risk factors for AD.
20,56

  Heavy alcohol consumption is presumed to be 

detrimental as it contributes to neurodegeneration.
20,56

 

The effect of alcohol consumption has been extensively reviewed.  Ten systematic reviews 

were identified.  Three reviews
58,59,60

 were later excluded due to low methodological quality.  Seven 

moderate-quality systematic reviews
20,56,57,61,62,63,64 

were used to evaluate the association between 

alcohol consumption and risk of AD. 

 

a) Study:  Graves et al.
61

 

Year: 1991 

AMSTAR score: 4 

 

The systematic review by Graves et al examined the effect of smoking and alcohol 

consumption on the risk of AD.
61

  Studies were identified through a search of the Medline 

database.
65

  For the re-analysis conducted by Graves et al., original raw data from the eligible studies 

were used to derive risk estimates according to regression analysis.
65

  The risk estimates were then 

synthesized quantitatively to yield a pooled estimate.
65

  Presence of heterogeneity was addressed by 

sensitivity analysis in which outlying studies were omitted.
61,65

  Included studies were heterogeneous 

with respect to the type and quantity of alcohol under examination.
61

  According to the reviewers, 

this methodological heterogeneity necessitated the conversion of exposure data into a continuous 

variable representing ounces of pure alcohol intake per week.
61

  The data was then categorized into 

mild (<3.20 ounces/week), moderate (3.2-5.95 ounces/week), and heavy (≥5.96 ounces/week) 

intake.
61

 

Five case-control studies
66,67,68,69,70

 were eligible for inclusion in the pooled analysis.  An 

aggregate of 814 cases and 840 controls were included.  Exposure status for both cases and controls 

was ascertained according to data obtained from an informant in all five studies.
65
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Results of the pooled analysis, adjusted for family history of dementia, suggest that when 

compared to abstinence, mild (RR: 0.97; 95% CI: 0.59, 1.60), moderate (RR: 0.75; 95% CI: 0.46, 

1.20), and high (RR: 0.89; 95% CI: 0.52, 1.51) alcohol consumption was not significantly associated 

with risk of AD.  A more rigorous attempt to control for potential confounders, namely head injury, 

education, and family history of dementia, yielded similar findings suggesting a lack of association 

between alcohol consumption and risk of AD (Mild – RR: 0.89; 95% CI: 0.59, 1.47.  Moderate – 

RR: 0.82; 95% CI: 0.49, 1.39.  Heavy – RR: 0.95; 95% CI: 0.51, 1.81).  One
69

 of the included studies 

categorized the exposure variable in a different manner as compared to the approach utilized by the 

remaining studies.  As such, a sensitivity analysis excluding this study
69

 was conducted.  The 

sensitivity analysis also failed to reach statistical significance for all three categories of alcohol 

consumption (Mild – RR: 0.85; 95% CI: 0.48, 1.50.  Moderate – RR: 1.48; 95% CI: 0.67, 3.23.  

Heavy – RR: 0.68; 95% CI: 0.31, 1.48). 

Overall, results of the systematic review suggest that alcohol consumption was not 

significantly associated with risk of AD.  Because the review relied on evidence from case-control 

studies, the results are limited by sources of bias inherent in studies which employ this 

methodological design.  Case-control studies, in particular, are susceptible to recall bias.
71

  Case-

control studies of cognitively impaired subjects face the added challenge of ascertaining exposure 

status of cognitively impaired or demented cases who often lack the capacity to recall past 

exposures.
21

  Consequently, a proxy respondent is often recruited to provide data for the purpose of 

exposure ascertainment.
21

  Recall bias may arise if the ability to recall past exposures is related to the 

outcome under investigation, resulting in “differential recall”.
72

  That is, if cases (or the proxy 

respondents of cases) are more likely to provide an accurate depiction of exposure history when 

compared to controls (or the proxy respondents of controls), or vice-versa, the derived risk estimate 

would be biased.
71

  The susceptibility for recall bias is further heightened if methods for exposure 

ascertainment are not parallel across outcome categories.
72

  Because an informant was used to 

ascertain exposure data for both cases and controls in all five studies, the likelihood of differential 

recall is minimized if we assume that the potential for recall error is similar for informants of cases 

as it is for informants of controls.
72

 

Secondly, the included case-control studies recruited both incident and prevalent cases of 

dementia which further increases the susceptibility to bias.
65

  Reliance on prevalent cases increases 

the likelihood for recall error and makes it difficult to distinguish whether the exposure is associated 

with incidence or survival.
73

  Results of the review should also be interpreted cautiously due to 
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methodological limitations at the review-level.  Namely, the search of a single database and use of 

lenient inclusion criteria should be cited as important limitations of the review. 

 

b) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The systematic review by Weih et al. involved a search of Medline, Embase, Current 

Contents, and the Cochrane database.
62

  The search was supplemented by a review of a clinical trial 

register and of reference lists of pertinent papers.
62

  The review was restricted to longitudinal studies 

of disease-free populations.
62

  The Oxford Centre for Evidence-based Medicine criteria, which 

evaluates the strength of evidence for a given risk factor based on the methodological design of 

available studies, was used.
62

  A pooled analysis was not attempted. 

Eight studies
74,75,76,77,78,79,80,81

 were eligible for inclusion.  Three
76,78,79

 of the eight studies 

employed a nested case-control design which included an aggregate of 492 cases and 5893 controls.  

The remaining five cohort studies observed an aggregate of 490 cases (N = 10492) during periods of 

follow-up ranging from three to 23 years. Exposure status was ascertained according to self-report 

data collected through interview or completion of a questionnaire.
62

  AD was consistently diagnosed 

according to NINCDS-ADRDA and/or DSM (III-R, IV) criteria.
62

  There was heterogeneity across 

studies with respect to the type, amount, and categorization of alcohol consumption.
62

  Exposure 

status was defined as a dichotomous variable
74,81

 (e.g. drinkers vs. non-drinkers), according to 

categories delineated by quantity of consumption (e.g. “mild”, “moderate”, or specified quantity over 

a given time period) or broadly defined according to frequency of consumption (e.g. monthly, 

weekly).
62

  Finally, four studies
75,76,78,80

 stratified results according to type of alcoholic drink (i.e. 

wine, beer).  Abstinence was used as reference category for all but one
81

 study.  The remaining study 

reported risk estimates for non-drinkers. 

Five studies
75,76,78,79,80

 reported a reduced risk of AD associated with alcohol consumption.  

One
79

 nested case-control study reported a reduced odds of AD associated with mild (less than 1 

drink per week) and moderate (1 to 6 drinks per week) alcohol consumption (Mild - RR: 0.60; 95% 

CI: 0.40, 0.90.  Moderate - RR: 0.40; 95% CI: 0.30, 0.70).  Four studies
75,76,78,80

 reported on the risk 

of AD associated with wine consumption.  Despite obvious heterogeneity across studies with respect 
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to the quantity and frequency of consumption under examination, all four studies reported a 

statistically significant reduced risk of AD associated with wine consumption.   More specifically, 

daily, weekly, and monthly consumption were associated with a reduced risk across studies (≥ 3 

servings/day
80

- HR: 0.59; 95% CI: 0.38, 0.91; Weekly
76,78

 - OR: 0.49; 95% CI: 0.28, 0.88. RR: 0.33; 

95% CI: 0.13, 0.86.Monthly
78

 – RR: 0.43; 95% CI: 0.23, 0.82).  One study
75

 reported a marginally 

significant reduced odds of AD associated with mild and moderate wine consumption (Mild – OR: 

0.55; 95% CI: 0.31, 0.99.  Moderate – OR: 0.28; 95% CI: 0.08, 0.99). A single study reported on the 

association between beer consumption and risk of AD.  The study
78

 reported an increased risk of AD 

associated with monthly beer consumption (RR: 2.28; 95% CI: 1.13, 4.60). 

Four studies
74,76,77,81

 failed to detect a statistically significant association between alcohol 

consumption, considered broadly, and AD (Yoshitake et al.
74

- RR: 0.56; 95% CI: 0.22, 

1.43.Ruitenberg et al.
77

- RR: 0.72; 95% CI: 0.43, 1.20. Antilla et al.
81

- RR: 0.91; 95% CI: 0.39, 

2.14.Lindsay et al.
76

- RR: 0.68; 95% CI: 0.47, 1.00). 

Overall, the reviewers concluded that “most observational studies showed a dose-dependent 

effect on AD”.
62

  In particular, the reviewers noted that “moderate alcohol intake (several alcoholic 

drinks per week)” was associated with a reduced risk.
62

  Although the reviewers concluded that high 

consumption of alcohol was associated with an increased risk of AD according to “most studies”,  

risk estimates for heavy or excessive alcohol consumption were not reported in the review.  The 

review is limited by the relatively small number of studies and the significant methodological 

heterogeneity with respect to the definition (i.e. type, quantity, and frequency) and categorization of 

the exposure variable.
62

 

 

c) Study: Patterson et al.
63

 

Year: 2007 

AMSTAR score: 4 

 

The systematic review conducted by Patterson et al. examined the effect of several putative risk 

factors on the development of AD and other cognitive outcomes including unspecified dementia and 

vascular dementia.
63

  Studies were located using a search of Medline, Embase, and by reviewing the 

reference list of pertinent studies.
63

  Studies excluded by the primary reviewer were verified by three 
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reviewers.
63

  Duplicate, independent quality assessment and data extraction were carried out.
63

  

Longitudinal studies deemed to be methodologically sound were eligible for inclusion.
63

  

Methodological quality was ascertained according to the sampling strategy, exclusion of prevalent 

cases at baseline, completeness of follow-up, methods for exposure/outcome ascertainment, degree 

of confounding adjustment, and adequacy of the statistical analysis.
63

 

Twostudies
76,82

, one
76

 of which was captured in the review reported by Weih et al.
62

, were 

eligible for inclusion.  The cohort study
82

 included 2865 participants although the number of incident 

AD cases was not reported.  The nested case-control study
76

 included 194 cases and 3894 controls. 

The studies detected a reduced risk of AD associated with daily
82

 (250 to 500 ml/day-RR: 0.53; 95% 

CI: 0.30, 0.95) and weekly
76

 (OR reported in section b) wine consumption.  No conclusions, with 

respect to the effect of alcohol consumption, were drawn by reviewers. 

 

d) Study:  Peters et al.
56

 

Year: 2008 

AMSTAR score: 6 

 

The systematic review and meta-analysis by Peters’ et al. examined the effect of alcohol 

consumption on the risk of incident AD and other cognitive outcomes.
56

  A search of Medline, 

Embase, and PsychInfo was undertaken to locate studies published from 1995 to March 2006.
56

 

Inclusion of studies was restricted by methodological design with only longitudinal studies eligible 

for inclusion.
56

  The screening and data abstraction process was duplicated and conducted 

independently by two reviewers.
56

  The methodological quality of eligible studies was examined 

according to the criteria described by Kmet et al.
83

 which evaluates several factors, namely, the study 

design, sampling strategy, and statistical analyses employed in a given study.  Results were pooled 

according to the random effects model and statistical heterogeneity was examined according to the 

Cochran Q test and I
2
 index.

56
  The presence of publication bias was explored using funnel plots, the 

Begg-Mazumdar test, and Egger’s regression test.
56

 

Eight longitudinal studies
75,76,79,80,82,84,85,86

, which reported on risk of incident AD, were 

eligible for inclusion in the pooled analysis.  Five of these studies
75,76,79,80,82

 were captured in earlier 

systematic reviews
62,63

.   
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Four cohort studies reported the number of AD cases observed during follow-up.  Among 

these studies, an aggregate of 398 cases (N = 5080) were observed during periods of follow-up 

ranging from three to 21 years.  The number of AD cases was not reported in the remaining two 

cohort studies
82,84

.  Two nested case control studies
76,79

, which included an aggregate of 452 cases 

and 4267 controls, were also included.  A clinical diagnosis of AD was achieved according to the 

NINCDS-ADRDA criteria in a majority of studies.
56

  All studies included in the meta-analysis 

provided risk estimates comparing drinkers to non-drinkers.
56

  However, there was methodological 

heterogeneity across studies with respect to the quantity, type, and reporting of alcohol consumption.  

One study
84

 reported on the effect of 3 to 4 glasses of alcohol a day, one study
76

 reported on weekly 

consumption and provided risk estimates stratified by type of alcohol (i.e. wine, beer, spirits), two 

studies
75,82

, reporting on the same cohort, examined the effect of varying quantities of wine 

consumption (Orgogozo et al.: ≤250 ml/day, 250-500 ml/day, ≥500 ml/day. Larrieu et al.: <250 

ml/day, 250-500 ml/day), two studies
79,85

 provided risk estimates for males and females separately 

with different thresholds of intake for each sex (Huang et al.: Males = 1-21 units/week; Females = 1-

14 units/week. Mukamal et al.: Males = 1-6 drinks/week; Females = 7-13 drinks/week), one study
80

 

reported on the effect of 1 to 21 drinks of wine per week, and the quantity and type of alcohol under 

investigation was unclear in the remaining study
86

.   

Results of the random effects meta-analysis suggested that alcohol consumption was 

associated with a reduced risk of AD (RR: 0.57; 95% CI: 0.44, 0.74).  However, there was evidence 

of heterogeneity across studies which is likely attributed to the heterogeneous definitions of exposure 

(I
2
 = 46%, Cochran Q = 22.23, df = 12, P = 0.035).  There was no evidence of publication bias 

(Begg-Mazumdar test: Kendall's tau = -0.03, P = 0.86; Egger’s test: 0.27; 95% CI: -2.16, 2.71, P = 

0.81).
56

 

The reviewers concluded that these findings were suggestive of an association between 

alcohol consumption and a reduced risk of AD.
56

  However, the review is limited by sources of 

methodological heterogeneity across studies with respect to the definition of the exposure (i.e. type, 

quantity), exposure ascertainment, and the degree of confounding adjustment.
56

  Firstly, studies 

varied in terms of the beverage type (i.e. wine, spirits, beer) and quantity.
56

  Of particular 

importance, the meta-analysis combined results pertaining to mild, moderate, and heavy alcohol 

consumption.
56

  Secondly, there was heterogeneity across studies with respect to the timing of the 

exposure with some studies measuring past exposure while others restricted the analysis to current 

consumption.
56
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e) Study:  Anstey et al.
57

 

Year: 2009 

AMSTAR score: 4 

 

The systematic review by Anstey et al. attempted to collate the available evidence on the 

effect of alcohol consumption on risk of AD, all-cause dementia, vascular dementia and cognitive 

decline.
57

  Studies were retrieved through a search of PubMed, PsychInfo, and the Cochrane Library 

with no restrictions on year of publication.
57

  All studies published up to June 2007 were 

considered.
57

  The search strategy was supplemented by handsearching of relevant studies.
57

  

Longitudinal studies which adequately excluded prevalent cases of dementia were eligible for 

inclusion.
57

  Duplicate, independent screening of identified studies was conducted and data 

abstraction was performed by a single reviewer and verified by another.
57

  The methodological 

quality of identified studies was not assessed.  Heterogeneity across the included studies was 

examined using the chi-squared method.
57

  In the presence of significant statistical heterogeneity, the 

random effects model was used to meta-analyze the data.
57

  Otherwise, the fixed effects model was 

employed.  The available data allowed for pooled estimates to be derived for current light/moderate 

consumption, heavy consumption, and alcohol consumption in general.
57

  All categories were 

compared to abstinence.
57

  Subgroup analysis by sex was conducted where data permitted.
57

  The 

presence of publication bias was not examined. 

A total of nine studies
74,76,77,79,80,82,85

,
87,88

 provided data on the risk of AD associated with 

alcohol consumption.  All but two studies
87,88

 were captured in earlier systematic reviews
56,62,63

.  Six 

cohort studies reported the number of AD cases which amounted to an aggregate of 626 cases (N = 

10721) observed during periods of follow-up ranging from two to seven years.  The number of cases 

was unclear for one study
82

  which examined 2865 subjects. Two nested case control studies
76,79

, 

which included an aggregate of 452 cases and 4267 controls, were also included.  AD was 

consistently diagnosed according to NINCDS-ADRDA and/or DSM (III-R or IV) criteria.  Studies 

varied with respect to the type (i.e. wine, beer, spirits), quantity, and categorization (i.e. non-drinkers 

vs. drinkers, light/moderate/heavy drinkers vs. non-drinkers) of the exposure.
57

  A majority of studies 

examined current alcohol consumption.  

Six studies
77,79,80,82,85,87 

reported on the effect of light-to-moderate alcohol consumption.  All 

six studies reported risk estimates below 1.00, however, results reached statistical significance in 

only two studies
79,87

. The pooled analysis detected a 28% reduced risk of AD associated with light-
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to-moderate alcohol consumption (RR: 0.72; 95%CI: 0.61, 0.86).  There was evidence of statistical 

heterogeneity which may be attributed to methodological diversity across studies with respect to the 

definition and measurement of the exposure (x
2
 = 11.43, p = 0.04).

57
  Light-to-moderate consumption 

was defined as one to 21 units of alcohol per week in two studies
85,87

 while one to 27 drinks per 

week
80

, two to 28 drinks per week
82

, and one to 13 drinks per week
79

 served as operational 

definitions in the remaining three studies.  Compared to the range of consumption examined by 

Larrieu et al.
82

 (1-13 drinks), the threshold for moderate consumption was approximately doubled in 

the remaining studies.  The reviewers also note that there was heterogeneity with respect to the 

quantity of alcohol constituting a “unit” or “drink”.
57

 

Three studies
77,79,87

 reported risk estimates stratified by sex allowing for subgroup analysis.  

According to the pooled analysis, light-to-moderate alcohol consumption was associated with a 

reduced risk of AD for both sexes, however, the association was more pronounced in males (Males –

RR:0.58; CI 0.45, 0.75. Females –RR: 0.83; CI 0.81, 0.85).  The observed difference may be 

attributed to the use of a uniform definition of exposure (“same number of drinks”) for both sexes in 

some of the included studies rather than a true biological difference attributed to sex.
57

 

Four studies
77,79,87,88 

evaluated the effect of heavy or excessive alcohol consumption.  Results 

from all four studies failed to reach statistical significance.  Heavy alcohol consumption was not 

significantly associated with risk of AD according to the pooled analysis (RR: 0.92; 95% CI 0.59, 

1.45; Test for heterogeneity = Not statistically significant).   

Two studies
74,76

 compared the risk of AD among drinkers compared to non-drinkers.  Results 

of the pooled analysis suggested a reduced risk of AD associated with alcohol consumption (RR: 

0.66; 95% CI: 0.47, 0.94).  The analysis, however, is limited by the small number of studies suitable 

for inclusion.
57

 

The evidence summarized in the systematic review was suggestive of a reduced risk of AD 

associated with light-to-moderate late-life alcohol consumption.
57

  Limitations of the systematic 

review warrant the cautious interpretation of the study findings.
57

  Heterogeneity across studies with 

respect to the exposure definition (i.e. type, quantity, categorization), underrepresentation of heavy 

drinkers attributed to sources of selection bias, and the small number of studies reporting risk 

estimates stratified by sex, which precluded a robust subgroup analysis, were all noted as 

limitations.
57
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f) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The HTA report by Williams et al. examined the effect of alcohol consumption on risk of 

AD.
20

  Medline and the Cochrane Database of Systematic Reviews were searched to identify relevant 

systematic reviews.
20

  Identification of a methodologically sound systematic review was 

supplemented by a search of the literature to identify primary studies published after the given 

review up to October 2009.
20

  The quality of systematic reviews was examined according to criteria 

pertaining to the search strategy, eligibility criteria, quality assessment, statistical analyses, and the 

rigour to minimize bias.
20

  Primary studies were quality assessed according to criteria put forth by 

the Agency for Healthcare Research and Quality (AHRQ), which takes into account the sampling 

strategy, methods for exposure/outcome ascertainment, degree of confounding adjustment, suitability 

of the statistical analyses, and thoroughness of reporting.
20

 

The report identified one systematic review
57

 described in detail elsewhere (section e).  

According to findings of the identified review, the report concluded that light-to-moderate, but not 

heavy, alcohol consumption was associated with a reduced risk of AD.
20

  The search for additional 

cohort studies did not yield results.
20

 

 

 

g) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

Lee et al. systematically reviewed the literature (PubMed, Embase, and PsychINFO) for 

longitudinal, community-cohort studies which examined the risk of dementia, cognitive impairment, 

and AD associated with alcohol consumption among elderly subjects (≥65 years).
64

  Inclusion was 

restricted to studies of high methodological quality, which was established according to an 

assessment of the sampling strategy, methods for exposure/outcome ascertainment, degree of 

confounding adjustment, and completeness of follow-up.
64
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Two cohort studies
80,89

, in which an aggregate of 262 cases (N = 2569) were observed during 

periods of follow-up ranging from 4.1 to 6.3 years, were included.  One
80

 of the two studies was 

captured in earlier systematic reviews
56,57,62

. 

Alcohol consumption, defined as intake of sake one to two times per week, was not 

associated with AD risk according to one study
89

 (RR: not reported). The remaining study
80

 reported 

a reduced risk of AD associated with light (1 serving/month - 6 servings/week) to moderate (1-3 

servings/day) wine consumption (HR: 0.55; 95% CI: 0.34, 0.89).  The latter risk estimate is slightly 

different than that abstracted by Weih et al.
62

 as it was adjusted for all alcoholic beverages in 

addition to age, gender, education, and APOE allele. 

As the reviewers also considered studies reporting on dementia and cognitive function, 

conclusions were not drawn specifically for AD.   Taking all outcomes into consideration, the 

reviewers concluded that while light-to-moderate alcohol consumption was associated with a 

reduced risk of cognitive decline and dementia, heavy consumption was associated with a 

detrimental effect.
64

  With respect to AD, a clear association, or lack thereof, between light-to-

moderate consumption and risk of AD was not observed due to the small number of included studies.  

Moreover, neither of the two eligible studies reported on the effect of heavy consumption.  Important 

methodological differences across the included studies must be considered.  The studies examined 

different types of alcoholic beverages which may exert different effects depending on alcoholic 

content and varying properties.  Moreover, the studies varied with respect to the quantities of 

beverage examined. 

 

 

Discussion 

 

Despite heterogeneity across systematic reviews with respect to the comprehensiveness of 

the employed search strategy, criteria to establish relevancy, and rigour to minimize bias, the 

identified reviews, for the most part, consistently detected a reduced risk of AD associated with 

alcohol consumption.   

Reviews with primary study overlap rely on the same data and are consequently non-

independent.  In general, reviews with greater primary study overlap should arrive at concordant 

conclusions.
90

  Despite sources of methodological heterogeneity, we would expect some degree of 

primary study overlap across reviews with similar research objectives.  White et al.
51

 have 
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recommended the transparent reporting of the extent of primary study overlap.  The recommended 

approach suggests the use of the most recent review as the referent.
51

  The number of overlapping 

studies between the referent and each previously published review was identified and presented in 

evidence tables throughout the chapter.
51

 

The most recent reviews identified zero
20

 and two
64

 studies.  As such, we used the review by 

Anstey et al.
57

, which was published one year prior to the most recent reviews, as the referent.  

Because the HTA
20

 relied on the referent review
57

, the greatest degree of overlap was between these 

reviews.  The lowest degree of primary study overlap (n=0) occurred between the referent review
57

, 

which restricted inclusion to cohort studies, and that reported by Graves et al.
61

  Low overlap is 

explained by the unavailability of relevant cohort studies prior to 1995.  As such, the review by 

Graves et al.
61

, which was published in 1991, relied solely on case-control studies.  There was 

moderate overlap (n=5) between the referent review and reviews reported by Peters et al
56

 and Weih 

et al.
62

  Similarities across reviews with respect to the range of years searched and eligibility criteria 

serve as explanations for the degree of overlap. 

Reviews attempting to collate evidence from several primary studies are often limited by 

sources of methodological heterogeneity across the included studies.
20,56,57

  Studies included in the 

identified reviews varied with respect to the definition and categorization of the exposure 

variable.
20,56,57

  Such variability limits comparability of studies, reduces the number of studies 

suitable for pooling, and may yield spurious results if studies are quantitatively synthesized.
91

 

The observed association may be attributed to sources of bias.  The study of lifestyle factors 

is affected by perceptions of health, which may impact the accuracy of the collected data.
92

  For 

example, healthy behaviours (e.g. dietary factors) may be overreported while unhealthy behaviours 

are underreported.
92

  Of particular importance, stigma associated with heavy alcohol consumption 

may serve as a barrier to accurate reporting of exposure history.  Studies of behavioural factors are 

also limited by the aggregation of several lifestyle-related factors, which complicates the detection of 

the true effect of a given exposure.
57

   Most studies included in the review by Anstey et al. attempted 

to tease out the effect of alcohol consumption by controlling for alcohol-related lifestyle factors 

which are also known to predispose to AD.
57

  However, there was variability in the degree of 

confounding adjustment across primary studies and the possibility of residual confounding cannot be 

omitted.
56

  

Susceptibility to bias related to the inclusion of prevalent cases was addressed in the review 

by Anstey et al. which restricted the inclusion criteria to studies that adequately eliminated prevalent 
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cases at baseline.
57

  Excluding such cases is imperative as exposure status may be altered as a result 

of diagnosis.
93

 

Limitations pertaining to case-control studies were described in the summary of the 

systematic review conducted by Graves et al.
61

  As addressed by Williams et al.
20

, findings from the  

systematic review and meta-analysis reported by Anstey et al.
57

 pertain to current alcohol 

consumption. Consequently, the effect of past exposure, which may vary from current consumption, 

is largely unknown.
20

  The difference between former alcohol consumers and “lifetime abstainers” 

must also be considered.
20

  As described by Williams et al., there is evidence to suggest that 

inclusion of former drinkers in the abstinence category may be problematic.
20

  Findings suggesting 

an association between abstinence and an increased risk of cognitive impairment/AD may be 

attributed to the inclusion of former drinkers who may have ceased alcohol consumption as a result 

of morbidities associated with the outcome of interest.
20

  Inclusion of former drinkers, who may be at 

higher risk for AD, in the abstinence category would give rise to misleading findings which suggest 

an increased risk of AD associated with non-drinking.
20

  Finally, the effect of heavy alcohol 

consumption on AD and other cognitive outcomes is unclear.  While some reviews concluded that 

excessive consumption was associated with an increased risk of AD, the only review
57

 to 

quantitatively synthesize the available evidence found no association. As noted by the reviewers, the 

failure to detect an association may be attributed to sources of selection bias, namely, lower 

participation rates and greater attrition among heavy drinkers.
57

  Moreover, heavy drinking is 

associated with higher mortality and morbidity.  Consequently, heavy drinkers may not survive long 

enough to participate in research studies or may have co-morbidities that preclude recruitment.
57

  

The potential for selection bias must also be considered for other exposure categories as the 

association may differ among participants who enroll or remain in a study as compared to those who 

refuse participation or are lost to follow-up.
94,95

   

Considered cumulatively, the available evidence was suggestive of a reduced risk of AD 

associated with alcohol consumption.  The most convincing evidence pertained to light-to-moderate 

quantities.  Based on the limitations of the available literature, however, it is premature to provide 

recommendations pertaining to the alcoholic beverage or the quantity and frequency of consumption 

that may be associated with the greatest benefit. 
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Table 1 - Alcohol and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for 

Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Graves 

et al.
61

 

 

(1991) 

Amstar score: 

4 

 

Publication 

Bias Assessed: 

No 

To examine the 

effect of 

tobacco and 

alcohol 

consumption 

on the risk of 

AD. 

All studies 

conducted 

before 1 

January 

1990 

1. Medline 5 0 of 9 Mild (<3.20 

ounces/week) vs. Non-

drinkers: 

(RR: 0.97; 95% CI: 

0.59, 1.60) 

 

Moderate (3.2-5.95 

ounces/week) vs. Non-

drinkers:  (RR: 0.75; 

95% CI: 0.46, 1.20) 

 

High (≥5.96 

ounces/week) vs. Non-

drinkers: (RR: 0.89; 

95% CI: 0.52, 1.51) 

 

Alcohol consumption 

was not associated 

with risk of AD. 



33 

 

 

 

 

 

Weih et 

al.
62

 

 

(2007) 

Amstar 

Score: 6 

 

Publication 

Bias Assessed: 

No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the 

development of 

AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane  

    Database 

4. Current  

    Contents 

 

8 5 of 9 Three of eight studies 

failed to detect an 

association.  Remaining 

five studies reported a 

significant or 

marginally significant 

protective effect of 

alcohol consumption 

(excluding beer) and 

AD.  All studies (n=3) 

reporting on wine 

consumption detected a 

reduced risk of AD. 

Moderate alcohol 

consumption exerts a 

protective affect 

while heavy 

consumption is 

detrimental. 

Patterson 

et al.
63

 

 

(2007) 

Amstar 

Score: 4 

 

Publication 

Bias Assessed: 

No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the 

development of 

AD and other 

cognitive 

outcomes. 

1966 to 

December 

2005 

1. Medline 

2. Embase 

2 2 of 9 Two studies were 

eligible for inclusion.  

 

 Study 1: 

Moderate 

(250-

500ml/day) 

wine 

consumption 

reduced risk of 

AD (RR: 0.53; 

95% CI: 0.30, 

0.95). 

 Study 2: 

Weekly wine 

consumption 

was protective 

(OR: 0.49; 

95% CI: not 

reported).  

No conclusions drawn 

by authors 
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Peters et 

al.
56

 

 

(2008) 

Amstar score: 

6 

 

Publication 

Bias Assessed: 

Yes, Funnel 

plots, Begg-

Mazumdar test 

(Kendall's tau 

= -0.03, P = 

0.86), Egger’s 

test (0.27; 95% 

CI: -2.16, 2.71, 

P = 0.81), No 

indication of 

publication 

bias 

 

To examine the 

effect of 

alcohol intake 

on the 

development of 

all-cause 

dementia, AD, 

and cognitive 

decline. 

1995 to 

March 

2006 

1. Medline 

2. Embase 

3. PsychInfo 

8 5 of 9 Drinkers vs. 

Nondrinkers (n=8):   

(RR: 0.57; 95% CI: 

0.44, 0.74; Test for 

statistical 

heterogeneity: I
2
 = 

46%, Cochran Q = 

22.23, df = 12, P = 

0.035). 

Evidence was 

suggestive of a 

reduced risk of AD 

associated with 

alcohol consumption 

 

Anstey 

et al.
57

 

 

(2009) 

Amstar score: 

4 

 

Publication 

Bias Assessed: 

No 

To examine the 

effect of 

alcohol intake 

on the 

development of 

all-cause 

dementia, AD, 

and cognitive 

decline. 

All years 

from 

inception 

of the 

databases 

to June 

2007 

1. PubMed 

2. PsychInfo 

3. Cochrane  

    Library 

9 Referent  Light-to-moderate 

Drinkers vs. 

Nondrinkers (n=6):  
(RR: 0.72; 95% CI: 

0.61, 0.86; Test for 

statistical 

heterogeneity: x
2
 = 

11.43 p = 0.04).   

 

 Males (RR: 

0.58; CI 0.45, 

0.75).  

 Females ( RR: 

0.83; CI 0.81, 

0.85).   

 

Heavy/excessive 

Drinkers vs. 

Late-life alcohol 

consumption, 

particularly in light-

to-moderate 

quantities, was 

protective against the 

development of AD. 
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Nondrinkers (n=4): 
(RR: 0.92; 95% CI: 

0.59, 1.45; Test for 

statistical heterogeneity 

= Not statistically 

significant) 

Drinkers vs. 

Nondrinkers (n=2):  

(RR: 0.66; 95% CI: 

0.47, 0.94)  

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

alcohol 

 

To examine the 

effect of 

several factors, 

including 

alcohol 

consumption, 

on the risk of 

developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

 

2. Cochrane  

    Database          

    of  

    

Systematic 

    Reviews 

0 

*relied 

on 

referent 

review 

0 of 9 Included the review by 

Anstey et al. which 

suggests that light-to-

moderate alcohol 

consumption reduces 

risk of AD. 

Light-to-moderate 

alcohol consumption 

was associated with a 

decreased risk of AD. 

Lee et 

al.
64

 

 

(2010) 

Amstar 

Score: 4 

 

Publication 

Bias Assessed: 

No 

 

To examine the 

effect of 

several factors, 

including 

alcohol 

consumption, 

on the risk of 

developing AD 

and other 

cognitive 

impairments. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. PsychInfo 

2 1 of 9 Two studies reported on 

risk of AD.   

 

 Study 1: No 

association 

between sake 

consumption 

(1-2 

times/week) 

and risk of AD 

(RR: not 

reported). 

 

 Study 2: Light-

to-moderate 

wine 

consumption 

Light-to-moderate 

alcohol consumption 

reduces risk of 

cognitive decline and 

dementia.  

Association less clear 

for AD (too few 

studies).  Heavy 

alcohol consumption 

increases risk of 

cognitive 

decline/dementia. No 

studies reported on 

risk of AD associated 

with heavy 

consumption.  
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(HR: 0.55; 

95% CI: 0.34, 

0.89) 
a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Review by Anstey et al. selected as 

referent as the most recent reviews identified 0 to 2 studies.  Item adopted from White, CM et al.
51
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3.3 Smoking 

 

As a known risk factor for cardiovascular diseases that predispose to AD, smoking is a 

putative risk factor for the development of AD and other cognitive outcomes.
97,99

  Alternatively, 

there is evidence to suggest that nicotine, a compound found in tobacco, exerts a neuroprotective 

effect and ultimately improves cognitive functioning.
99

 

Twelve systematic reviews
20,36,59,60,61,62,63,64,96,97,98,99 

examined the association between 

smoking and risk of Alzheimer’s disease.  Three reviews
36,59,60

, one
36

 of which was an overview of 

reviews, received a low quality score according to the AMSTAR criteria and were excluded from 

further analysis.  The remaining nine reviews were deemed to be of moderate methodological quality 

with AMSTAR scores ranging from 4 to 7.  

 

a) Study:  Graves et al.
61

 

Year: 1991 

AMSTAR score: 4 

 

The systematic review by Graves et al.
61

 examined the effect of smoking and alcohol 

consumption on the risk of AD.  Studies were identified through a search of the Medline database.
65

  

For the re-analysis conducted by Graves et al., original raw data from the eligible studies were used 

to derive risk estimates according to regression analysis.
65

  The risk estimates were then synthesized 

quantitatively to yield a pooled risk estimate.
65

  Presence of heterogeneity was addressed by 

sensitivity analysis in which outlying studies were omitted.
61,65

  Eight studies provided data for the 

analysis of ever (vs. never) smoking.
61

  To examine whether risk of AD varied with respect to the 

quantity of cigarettes smoked, data from six studies were used to derive pooled risk estimates for the 

effect of smoking less than one pack per day (<1 pack/day) and more than one pack per day (>1 

pack/day).
61

  Four studies provided data allowing for analyses with respect to the effect of pack-year 

smoking history, which takes both intensity and duration of exposure into consideration.
61

  Pooled 

risk estimates were derived for three categories of pack-year smoking history: low (<15.5 pack-

years), moderate (15.5 – 37.0), and high (>37.0).
61

  The analysis of pack-year smoking history was 

also stratified by family history of dementia.
61

  All exposure categories were compared to never 

smoking.
61
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Reviewers indicated that inclusion was restricted to studies which ascertained AD according 

to NINCDS-ADRDA, or DSM-III criteria.
65

  Studies relying on criteria deemed to be “similar” to the 

NINCDS-ADRDA criteria (e.g. Blessed Dementia Scale
69

) were also considered.  To minimize the 

potential for recall bias, inclusion was restricted to studies which used similar methods for the 

exposure ascertainment of cases and controls.
65

  More specifically, data obtained from a proxy 

informant was used to ascertain smoking status for all subjects.
65

 

The eight included studies
66,67,69,70,100,101,102,103

 examined an aggregate of 899 cases and 955 

controls.   When the derived risk estimates were pooled, ever smoking was associated with a reduced 

risk of AD (RR: 0.78; 95% CI: 0.62, 0.98).  The test for heterogeneity was statistically significant.  

The sensitivity analysis excluding the outlying study
103

  yielded a pooled risk estimate of 0.72 (95% 

CI: 0.56, 0.92).  In the stratified analysis by family history of dementia, smokers with a positive and 

negative family history of dementia did not have a statistically significant reduced risk of AD 

(Positive family history – RR: 0.70; 95% CI: 0.48, 1.04.  Negative family history – RR: 0.86; 95% 

CI:  0.63, 1.18).  However, in the analysis excluding the outlying study
103

, smoking was associated 

with AD in only those with a positive family history of dementia (Positive family history – RR: 0.63; 

95% CI: 0.41, 0.94.  Negative family history – RR: 0.81; 95% CI:  0.58, 1.13). 

Six studies
66,67,69,100,102,103

 provided data on the risk of AD associated with the amount 

smoked per day.  According to the pooled analysis, smoking less than one pack per day was 

associated with a reduced risk of AD while excessive smoking was not associated with AD(<1 

pack/day – RR: 0.84 times; 95% CI: 0.75, 0.92; >1 pack/day - RR: 0.81; 95% CI: 0.53, 1.27).  When 

the outlying study
103

 (the only to report a risk estimate above 1.00) was excluded from the analysis, 

smoking less than one pack per day was no longer associated with a reduced risk of AD and 

excessive smoking was associated with a marginally significant reduced risk (<1 pack/day - RR: 

0.80; 95% CI: 0.60, 1.07; >1 pack/day - RR: 0.66; 95% CI: 0.44, 1.00).  Four studies
66,69,100,102

 

provided data on the risk of AD associated with pack-year smoking history.  Compared to never 

smokers, low pack-year smoking history (<15.5 pack-years) was not associated with AD (RR: 0.73; 

95% CI: 0.50, 1.09).  In contrast, moderate (15.5 – 37.0) and high (>37.0) pack-year smoking 

histories were associated with a reduced risk of AD (Moderate - RR: 0.63; 95% CI: 0.42, 0.95; High 

- RR: 0.50; 95% CI: 0.31, 0.80).  The trend was statistically significant (p = 0.0003) suggesting that 

risk of AD decreased with increasing pack-year history.
61

  Among those with a positive family 

history, low and moderate pack-year smoking history were not associated with a reduced risk (Low - 

RR: 0.53; 95% CI: 0.26, 1.10.  Moderate– RR: 0.49; 95% CI: 0.24, 1.02).  However, among this 
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group, a high pack-year smoking history was associated with a reduced risk of AD (RR: 0.37; 95% 

CI: 0.17, 0.81).  The trend was not statistically significant, however (p=0.11).  Among those with a 

negative family history of dementia, low, moderate, and high pack-year histories were not associated 

with AD risk (Low - RR: 0.85; 95% CI: 0.52, 1.38.  Moderate– RR: 0.69; 95% CI: 0.39, 1.22.  High 

– RR: 0.66; 95% CI: 0.33, 1.34).  The p-value for the trend test was not statistically significant 

(p=0.11).  Finally, smoking was significantly associated with AD among late-onset cases (Early 

onset – RR: 0.89; 95% CI: 0.67, 1.19.  Late-onset – RR: 0.65; 95% CI: 0.43, 0.96).
61

 

Based on an analysis of eight case-control studies, the reviewers concluded that smoking 

was associated with a statistically significant reduced risk of AD.
61

  The reviewers cautioned that 

prospective cohort studies were required to confirm the association.
61

 

 

 

b) Study:  Almeida et al.
96

 

Year: 2002 

AMSTAR score: 4 

 

The systematic review and meta-analysis conducted by Almeida et al. examined the effect of 

“ever smoking” and risk of AD.
96

  Relevant studies were identified through a search of Medline, 

PyschINFO, and via handsearching.  The methodological quality of relevant studies was examined 

according to several criteria, namely, sampling strategy, methods for exposure/outcome 

ascertainment, appropriateness of statistical analyses, completeness of follow-up, and adequacy of 

confounding adjustment.
96

   The presence of statistical heterogeneity across the included studies was 

examined and fixed effects meta-analyses were conducted to obtain pooled risk estimates.  Separate 

pooled risk estimates were obtained for case-control and cohort studies and subgroup analyses 

according to study quality were conducted. 

A total of 21 case-control
67,69,70,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117 

and eight 

cohort
117,118,119,120,121,122,123,124

 studies were eligible for inclusion in the review.  The case-control 

studies included an aggregate of 2212 cases and 3111 controls.  One included study
122

 was a pooled 

analysis of four population-based cohort studies which included an aggregate of 16334 participants 

of which 277 subjects with incident AD provided data regarding smoking.  The pooled analysis 

study
122

 included subjects from one cohort study
124

 also included in the review.  The study
124
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examined 6870 subjects, 105 of which developed AD over two years of follow-up. The remaining 

cohort six cohort studies observed an aggregate of 774 cases of AD (N = 291461) over periods of 

follow-up ranging from two to 27 years.   

Among the included studies, a positive diagnosis of AD was obtained according to 

NINCDS-ADRDA (n=17), ICD-10 (n=1), and DSM-III-R (n=3) criteria.
96

  In four studies, AD was 

diagnosed according to death certificates
118

, the Blessed Dementia Scale
69

 and according to alternate 

criteria
102,104

.  Methods employed for the diagnosis of AD were unclear in four studies
67,108,109,120

.  

Studies were heterogeneous with respect to the exposure definition.
96

  Thirteen case-control and all 

of the identified cohort studies examined the effect of “ever” smoking.
96

  The definition of 

“smoking” was marked as “unclear” by reviewers for five case-control studies
70,102,108,109,113

.  One 

case-control study
111

 solely reported on the effect of current smoking, one
110

 examined the effect of a 

minimum threshold of exposure (≥ 20 pack-year lifetime history), and one
116

 reported on the effect 

of categories of exposure (i.e. light, daily) without specifying the timing of exposure (i.e. past or 

present).
96

  For case-control studies, exposure status was ascertained according to self-report data 

obtained from the participant or from a proxy respondent, which in most cases was a family member 

(next of kin) or caregiver.
96

 

Results from the fixed effects meta-analysis including all 21 case-control studies (n=5323), 

irrespective of study quality, suggested that "ever having smoked" was associated with a statistically 

significant decreased odds of AD (OR: 0.74; 95% CI: 0.66, 0.84; Test for heterogeneity: p = 0.246).  

The subgroup analysis restricted to the eight higher quality (≥26/52) case-control 

studies
69,70,100,101,105,114,115,117

 suggests that smoking was associated with a decreased odds of AD (OR: 

0.82; 95% CI: 0.70, 0.97; Test for heterogeneity: p = 0.279).  Two studies
107,113

, which scored 26 

points or higher, were excluded from the analysis without explanation.  In a subsequent analysis 

restricted to higher quality (≥26/52) case-control studies
69,70,101,107

 which controlled for confounding 

by matching cases and controls, the risk estimate failed to reach statistical significance (OR: 0.82; 

95% CI: 0.53, 1.27; Test for heterogeneity: p = 0.283).   

A meta-analysis combining results from six cohort studies was conducted.  One study
124

 was 

excluded from the analysis in an effort to avoid double counting subjects (i.e. the same subjects were 

included in a study
122

 reporting a pooled analysis of four population-based cohort studies).  A second 

study
120

, which did not adequately report the “exact number of cases at risk that were followed-up 

until death” was also excluded.
96

  The pooled analysis, which included 43885 participants, yielded a 

risk estimate exceeding 1.00. However, results failed to reach statistical significance (RR: 1.10; 95% 
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CI: 0.94, 1.29).  The test for heterogeneity was significant (p = 0.004).  The subgroup analysis 

restricted to methodologically rigorous cohort studies
116,118,122,123

 (≥13/26) also failed to detect an 

association (RR: 1.12; 95% CI: 0.93, 1.34; Test for heterogeneity: p = 0.308).  Lastly, a sensitivity 

analysis restricted to cohort studies
122,123

 that reported “the number of subjects who were smokers at 

baseline and later developed AD" detected a two-fold increased risk of AD associated with smoking 

(OR: 1.99; 95% CI: 1.33, 2.98).
96

  However, results of the analysis were limited by the small number 

of eligible studies (n=2).
96

 

Results from the overall pooled analysis of case-control studies suggested that history of 

smoking was associated with a reduced risk of AD.
96

  However, the series of sensitivity analyses 

combining results of the most methodologically rigorous case-control studies failed to detect an 

association suggesting that the observed association may have been due to sources of bias.
96

  

Furthermore, analyses restricted to cohort studies yielded risk estimates exceeding 1.00.
96

  Although 

cohort studies are generally less susceptible to bias, the analysis of cohort studies was based on 

findings from a limited number of heterogeneous studies.  Due to these inconsistent findings, the 

reviewers concluded that the association between smoking and risk of AD was “unclear”.
96

 

 

 

c) Study:  Anstey et al.
97

 

Year: 2007 

AMSTAR score: 4 

 

The systematic review and meta-analysis by Anstey et al. examined the association between 

smoking and risk of AD and other cognitive outcomes.
97

  Studies were identified through a search of 

PubMed, PsychINFO, and Cochrane CENTRAL unrestricted by year of publication.
97

  The search 

was also supplemented by handsearching the citations of pertinent articles.
97

  Inclusion was restricted 

to longitudinal studies that excluded prevalent cases at baseline and had an adequate length of 

follow-up (≥1 year).
97

  Data extraction was carried out by one reviewer and verified by another.
97

  

Methodological quality of identified studies was not evaluated.
97

 

 As reported by the reviewers, ten studies, representing 13786 participants, provided data 

pertaining to association between smoking and AD.
97

  Two
123,129

 of the ten included publications 

reported on the same cohort of subjects.  One
123

 reported 246 incident cases of AD (N = 1138) 

observed over 5.5 years of follow-up.  The other
129

 reported 142 cases of AD (N = 1204) observed 
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over two years of follow-up.  The remaining studies examined 850 cases of AD and had periods of 

follow-up ranging from two to 30.3 years.  All 10 studies employed acceptable criteria for the 

diagnosis of AD with nine studies using the NINCDS-ADRDA criteria and one study using the 

modified DSM-III-R criteria.
97

  Smoking status was ascertained through self-reported data at 

baseline and was re-evaluated at follow-up.
97

  Five studies
122,123,125,126,127

 reported on current and 

former smoking, three studies
76,117,128

 solely reported on the effect on ever smoking, and the 

remaining twostudies
74,129

 solely reported risk estimates for current smoking.  Heterogeneity across 

the included studies was examined using the x
2
 method.

97
  In the presence of significant statistical 

heterogeneity, the random effects model was used to meta-analyze the data.
97

  Otherwise, the fixed 

effects model was employed.
97

 

Current smoking was associated with an increased risk of AD when compared to never (n=4) 

and former (n=4) smoking (Never - RR: 1.79; 95% CI: 1.43, 2.23; Test for heterogeneity: p = 0.50.  

Former - RR: 1.70; 95% CI: 1.25, 2.31; Test for heterogeneity: p = 0.60).  The pooled risk estimate 

did not reach statistical significance when current smoking was compared to the combined category 

of past and never smoking (RR: 1.25; 95% CI: 0.49, 3.17; Test for heterogeneity: p = 0.03).  The 

analysis was limited by the small number of studies (n=2) reporting on this association as well as 

obvious heterogeneity.
97

  Compared to never smoking, ever (n=3) and former (n=5) smoking was not 

associated with AD (Ever - RR: 1.21; 95% CI: 0.66, 2.22; Test for heterogeneity: p = 0.01.  Former - 

RR: 1.01; 95% CI: 0.83, 1.23; Test for heterogeneity: p = 0.26).   

Results of the review were suggestive of an increased risk of AD associated with current 

smoking.
97

  However, self-reported former and ever smoking showed no association with AD.
97

  

According to the reviewers, the former and ever smoking exposure categories were poorly defined 

and may include a group of people with diverse smoking histories with respect to quantity and 

duration of exposure.
97

  These heterogeneous exposure categories serve as a limitation of the review 

and may offer an explanation for the null findings for these exposure groups.
97

  Furthermore, the 

limited number of available studies, presence of statistical heterogeneity, and variation in the degree 

of confounding adjustment between studies also serve as important limitations of the review.
97

 

 

 

d) Study: Patterson et al.
63

 

Year: 2007 

AMSTAR score: 4 
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The systematic review conducted by Patterson et al. examined the effect of several putative 

risk factors on the development of AD and other cognitive outcomes including unspecified dementia 

and vascular dementia.
63

  Studies were located using a search of Medline, Embase, and by reviewing 

the reference list of pertinent studies.
63

  Studies excluded by the primary reviewer were verified by 

three reviewers.
63

  Duplicate, independent quality assessment and data extraction were carried out.
63

 

Longitudinal studies deemed to be of “fair” or “good” quality were eligible for inclusion.
63

  

Methodological quality was ascertained according to several criteria pertaining to the sampling 

strategy, exclusion of prevalent cases at baseline, completeness of follow-up, methods for 

exposure/outcome ascertainment, degree of confounding adjustment, and adequacy of the statistical 

analysis.
63

 

The reviewers identified the systematic review reported by Almeida et al.
96

.  According to 

the analysis restricted to methodologically sound prospective cohort studies, the included review 

reported a two-fold increased risk of AD associated with smoking (OR: 1.99; 95% CI: 1.33, 2.98).
63

 

 

 

e) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The systematic review by Weih et al. involved a search of Medline, Embase, Current 

Contents, and the Cochrane database.
62

  The search was supplemented by a review of 

www.clinicaltrialresults.org and of reference lists of pertinent papers. The review was restricted to 

longitudinal studies of disease-free populations.
62

  The Oxford Centre for Evidence-based Medicine 

criteria, which evaluates the strength of evidence for a given risk factor based on the methodological 

design of available studies, was used.
62

 A pooled analysis was not attempted. 

Five studies
74,76,122,123,124

 were included.  One included study
122

 was a pooled analysis of four 

population-based cohort studies (N = 16334).  The pooled analysis study
122

 included subjects from 

one of the cohort studies
124

 included in the review.  The study
124

 examined 6870 subjects, 105 of 

which developed AD over two years of follow-up. The remaining cohort studies included an 

aggregate of 378 cases of AD (N = 6005) and had periods of follow-up ranging from two to seven 

years.  A clinical diagnosis of AD was consistently achieved according to the NINCDS-ADRDA or 
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DSM (III-R or IV) criteria.  Smoking status was ascertained according to self-reported data collected 

via interview or questionnaire.
62

  Follow-up duration ranged from two to seven years.  All three 

studies reporting on the association between current (versus never) smoking and AD identified an 

increased risk (Ott et al.
124

– RR: 2.30; 95% CI: 1.30, 4.10.  Launer et al.
122

– RR: 1.74; 95% CI: 1.21, 

2.50.  Merchant et al.
123

– RR: 1.70; 95% CI: 1.10, 2.80).  One study failed to detect an association 

between current smoking and AD.  However, unlike the other studies reporting on current smoking, 

this study used former and never smokers as the comparator (Yoshitake et al.
74

 – RR: 0.73; 95% CI: 

0.34, 1.57).  The remaining study reported no association between ever (versus never) smoking and 

AD (Lindsay et al.
76

– RR: 0.82; 95% CI: 0.57, 1.17).  The reviewers concluded that the evidence was 

suggestive of an increased risk of AD associated with smoking.
62

 

 

 

f) Study: Peters et al.
99

 

Year: 2008 

AMSTAR score: 6 

 

The effect of current and former smoking on the risk of AD and other cognitive outcomes 

were reviewed by Peters et al.
99

  Relevant studies published between 1996 and 2007 were identified 

through a database search (Medline, Embase, PsychINFO, Cochrane Database).
99

  Case-control and 

cohort studies were considered.  Duplicate, independent screening of studies was conducted to 

minimize bias.  Disagreements were resolved by consensus.
99

 

Eleven studies
76,117,118,122,123,124,126,129,130,131,132 

reporting on the association between smoking 

and risk of AD were identified.  Two publications
124,132

 reported on the Rotterdam cohort and another 

two
123,129

 on the WHICAP cohort.  Of those reporting on the WHICAP cohort, one
123

 reported 246 

incident cases of AD (N = 1138) observed over 5.5 years of follow-up and the other
129

 reported 142 

cases of AD (N = 1204) observed over two years of follow-up.  Of those reporting on the Rotterdam 

cohort, one
132

 reported 555 cases of AD (N = 6868) observed over 7.3 years of follow-up whereas 

the other
124

 reported 105 cases of AD (N = 6870) observed over two years of follow-up.  Another 

included study
122

, which reported a pooled analysis of four population-based cohort studies, also 

included members of the Rotterdam cohort.  The remaining studies observed 965 cases of AD (N = 

35565) over periods of follow-up ranging from two to 25 years of follow-up.  A positive diagnosis of 

AD was reached according to NINCDS-ADRDA and DSM-III criteria in a majority of the studies.  
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Exposure ascertainment was based on self-reported data in all studies.
99

  Statistical heterogeneity was 

examined according to the Cochran Q test and random effects meta-analyses were conducted to 

examine the effect of former and current smoking on the risk of AD.
99

  The extent of publication bias 

was examined through visual inspection of funnel plot asymmetry.
99

 

Seven of the ten studies, which examined the association between current smoking and AD, 

reported a statistically significant increased risk.  According to the random effects meta-analysis 

(n=8), current smoking was associated with an increased risk of AD (RR: 1.59; 95% CI: 1.15, 2.20).  

There was evidence of statistical heterogeneity suggesting that the included studies were clinically or 

methodologically heterogeneous (Cochran Q = 23.25, p= 0.0015).  Visual inspection of the funnel 

plot suggests the absence of publication bias for the analysis of current smoking.
99

 

All eight studies which examined the effect of former smoking on AD risk failed to detect an 

association.  While four studies reported risk estimates exceeding 1.00, the remaining four reported a 

nonsignificant decreased risk of AD among former smokers. These conflicting results may be 

attributed to the heterogeneous definition of “former smoking” across the included studies.
97,99

  In the 

random effects meta-analysis, former smokers were not at an increased risk of developing AD when 

compared to non-smokers (RR:  0.99; 95% CI: 0.81, 1.23).  The test for heterogeneity was not 

statistically significant (Cochran Q = 11.27, p = 0.08).  The funnel plot was symmetrical suggesting 

the absence of publication bias for the analysis of former smoking.
99

 

Overall, the reviewers concluded that there was evidence to suggest that current smoking 

was associated with an increased risk of AD.  Failure to detect an association between AD and 

former smoking was possibly attributed to the lack of a standardized definition for the former 

smoking category.
97,99

  Consequently, studies were likely heterogeneous with respect to the smoking 

history of former smokers, namely pertaining to smoking duration and cessation time.
99

  

Heterogeneity across the included studies with respect to length of follow-up, population 

characteristics, country of origin, and sample size were also cited as important limitations of the 

review.
99

  Sources of methodological and clinical heterogeneity may explain the statistical 

heterogeneity observed in the meta-analysis examining the effect of current smoking.  The limited 

number of available studies may have precluded sensitivity analyses that would confirm the source 

of the observed statistical heterogeneity.   
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g) Study:  Cataldo et al.
98

 

Year: 2010 

AMSTAR score: 7 

 

The systematic review and meta-analysis by Cataldo et al. examined the risk of Alzheimer's 

disease associated with cigarette smoking.
98

  The reviewers adjusted for industry affiliation, a factor 

known to influence study findings, introduce bias, and lead to spurious results.
98

  Studies were 

retrieved through a search of PubMed, PsychINFO, and Cochrane CENTRAL.
98

  Relevant studies 

were handsearched for additional studies and a search of the grey literature was conducted using 

Google Scholar.
98

  Industry affiliation was ascertained according to data retrieved from the Legacy 

Tobacco Documents Library.
98

  The screening and/or extraction phase was partially duplicated.
98

 

A total of 43 studies (26 case-control and 17 cohort studies), reported in 40 publications, 

satisfied the inclusion criteria of the review.  The case-control studies included an aggregate of 4674 

cases and 3838 controls.  One included study
122

 was a pooled analysis of four population-based 

cohort studies (N = 16334).  Two publications reported on the WHICAP cohort.  One
123

 reported 246 

incident cases of AD (N = 1138) observed over 5.5 years of follow-up and the other
129

 reported 142 

cases of AD (N = 1204) observed over two years of follow-up.  The remaining studies observed an 

aggregate of 1905 cases with information on smoking (N = 309711) over periods of follow-up 

ranging from two to 30 years.   Of the 26 case-control studies, 18 studies were not affiliated with 

tobacco industries.
98

  Fourteen of the 17 included cohort studies were unaffiliated.  AD was 

diagnosed according to NINCDS-ADRDA (n=18), ICD-10 (n=1), DSM-III-R/DSM-IV (n=2), 

Blessed Dementia Scale (n=2), NIH criteria (n=1), and alternate criteria (n=1).
98

  The method used 

for AD diagnosis was unclear in one case-control study.  Among the cohort studies, 12 used the 

NINCDS-ADRDA criteria, one relied solely on used the DSM-III-R criteria, three studies used both 

NINCDS-ADRDA and DSM-III/DSM-IV criteria, and the final study used MMSE and DSM-III-R 

criteria for outcome ascertainment.
98

  While “ever versus never” smoking was investigated in a 

majority of the included studies, smoking was categorized as former/past or current smoking in some 

studies.
98

  Methods employed for exposure ascertainment across the included studies was not clearly 

specified in the review. The presence of heterogeneity across the included studies was examined 

using the Q-statistic and random effects meta-analyses were conducted to obtain pooled risk 

estimates.
98

  Separate pooled risk estimates were reported for case-control and cohort studies and 

subgroup analyses stratified by tobacco-industry affiliation were conducted.
98

  Publication bias was 
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explored using Begg’s funnel plot.
98

  The influence of study design, quality, and industry affiliation 

was examined using regression analysis.
98

 

The pooled analysis of industry affiliated cohort studies yielded nonsignificant findings (RR: 

0.60; 95 % CI: 0.27, 1.32).  Industry affiliated case-control studies detected a reduced risk of AD 

associated with cigarette smoke (OR: 0.86; 95 % CI: 0.75, 0.98). The pooled analysis of unaffiliated 

case-control failed to reach statistical significance (OR: 0.91; 95% CI: 0.75, 1.10).  Alternatively, 

when unaffiliated cohort studies were quantitatively synthesized, smoking was associated with an 

increased risk of AD (RR: 1.45; 95% CI: 1.16, 1.80).  The only cohort study
121

 to detect a protective 

association was industry affiliated.  The remaining affiliated cohort studies
117,119

 did not detect an 

association.  Among the 14 unaffiliated cohort studies, six
120,123,126,128,129,131

 detected an increased risk 

of AD among smokers.  As noted by the reviewers, there was evidence of statistical heterogeneity in 

the pooled analyses of cohort studies. 

In addition to reviewing original studies, the reviewers also examined existing systematic 

reviews.  A total of 10 systematic reviews were evaluated, four of which were affiliated with the 

tobacco industry.
98

  Out of the 10 systematic reviews, only the four affiliated reviews concluded that 

smoking was associated with a reduced risk.  Statistical tests confirmed that results of the reviews 

were influenced by industry affiliation (P = 0.005).  Finally, results from Begg’s funnel plot 

suggested the absence of publication bias.
98

 

The pooled analysis of industry affiliated cohort studies and that of case-control studies, 

irrespective of industry affiliation, yielded risk estimates below 1.00.  Industry affiliated studies are 

susceptible to bias as a result of industry influence.
98

  For example, industry affiliated studies are 

“more likely to…experience publication bias, publication delays and data withholding”.
98

  The 

analysis restricted to unaffiliated cohort studies was suggestive of an increased risk of AD associated 

with smoking.
98

  Results of the multiple regression analysis confirmed that industry affiliation 

influenced study findings (P = 0.008).
98

  Furthermore, results derived from case-control studies 

differed from those derived from cohort studies (P = 0.075).
98

  More specifically, case-control and 

industry affiliated studies were more likely to produce results suggestive of a protective 

association.
98

  Overall, the reviewers concluded that smoking appeared to increase the risk of AD.
98
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h) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

Lee et al. systematically reviewed the literature for longitudinal, cohort studies which 

examined the risk of AD associated with smoking among elderly subjects (≥65 years).
64

  Inclusion 

was restricted to studies of high methodological quality, which was established according to an 

assessment of several criteria, namely, sampling strategy, methods for exposure/outcome 

ascertainment, degree of confounding adjustment, and completeness of follow-up.
64

 

Four studies, which examined the effect of smoking on the development of AD, were 

identified.  Two
124,132

 of the four studies examined the same cohort of subjects.  One
132

 examined 

6868 subjects, 555 of which developed AD over seven years of follow-up.  The second
124

 examined 

6870 subjects, 105 of which developed AD over two years of follow-up.  The remaining studies 

observed an aggregate of 161 cases of AD (N = 4681) over periods of follow-up ranging from 21 to 

25 years.  Two publications reporting on the same cohort
124,132

 reported risk estimates for current vs. 

never smokers.  Both reported an increased risk associated with current but not former smoking 

(Current: Reitz et al.
132

 - HR: 1.51; 95% CI: 1.10, 2.08. Ott et al.
124

 - RR: 2.30; 95% CI: 1.30, 4.10. 

Former: RRs not reported in the review).  One
132

 also reported an increased risk associated with a 

greater than 20 pack-year smoking history (HR: 1.82; 95% CI: 1.26, 2.57). Heavy smoking was 

associated with an increased risk of AD according to another study
130

 (OR: 2.93; 95% CI: 1.37, 

6.53).  The final study
133

 reported that ever smoking was associated with an increased risk of AD 

among carriers of the APOE e4 allele (RR: not reported). The reviewers concluded that smoking was 

associated with an increased risk of AD according to the identified evidence.
64

 

 

 

i) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The HTA report by Williams et al. examined the effect of smoking on risk of AD.
20

  Medline 

and the Cochrane Database of Systematic Reviews were searched to identify relevant systematic 
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reviews.  Identification of a methodologically sound systematic review was supplemented by a 

search of the literature to identify primary studies published after the given review up to October 

2009.
20

  The quality of systematic reviews was examined according to criteria pertaining to the 

search strategy, eligibility criteria, quality assessment, statistical analyses, and the rigour to minimize 

bias.
20

  Primary studies were quality assessed according to criteria put forth by the Agency for 

Healthcare Research and Quality (AHRQ), which takes into account the sampling strategy, methods 

for exposure/outcome ascertainment, degree of confounding adjustment, suitability of the statistical 

analyses, and thoroughness of reporting.
20

 

The report identified two relevant systematic reviews.
97,99

  However, only findings reported 

by Anstey et al.
97

 were presented as it was deemed to be more comprehensive and transparently 

reported.
20

  According to the results of the identified review, current but not former smoking was 

associated with an increased risk of AD.  Findings of the identified review are discussed in detail 

elsewhere (section c). 

Two recent cohort studies
131,132

 were also identified and included in the report.  One study
131

 

examined 1064 subjects, 170 of which developed AD over 4.1 years of follow-up.  The other
132

 

reported 555 cases of AD (N = 6868) over 7.3 years of follow-up. Both studies reported risk 

estimates for current and former smoking and also presented results stratified by APOE e4 status.
20

  

Both studies detected an increased risk of AD associated with current but not former smoking current 

(Current: Aggarwal et al.
131

– OR: 3.40; 95% CI: 1.44, 8.01. Reitz et al.
132

– RR: 1.51; 95% CI: 1.10, 

2.08; Former: Aggarwal et al.
131

– OR: 0.90; 95% CI: 0.47, 1.70.  Reitz et al.
132

– RR: 1.17; 95% CI: 

0.90, 1.52).  The association between current smoking and risk of AD was modified by APOE e4 

status.
20

  Both studies reported an increased risk of AD associated with current smoking among 

APOE e4 non-carriers but not among carries (Non-carriers - Aggarwal et al.
131

– OR: 4.32; 95% CI: 

1.28, 14.65. Reitz et al.
132

 – RR: 1.95; 95% CI: 1.29, 2.95.  Carriers - Aggarwal et al.
131

– OR: 0.57; 

95% CI: 0.11, 3.12.  Reitz et al.
132

– RR: 1.06; 95% CI: 0.62, 1.79).
20

  The interaction between APOE 

e4 status and former smoking was less clear.
20

  Based on the available literature, the reviewers 

concluded that the evidence was suggestive of an increased risk of AD associated with current 

smoking. 
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Discussion 

 

Discordance across reviews 

Of the nine identified systematic reviews reporting on smoking, one
61

 concluded that 

smoking was associated with a reduced risk of AD, one
96

 reported that the association was unclear, 

and the remaining seven concluded that smoking appeared to increase risk of AD.  Synthesizing the 

results of the identified systematic reviews is challenged by these discordant conclusions.  According 

to Jadad et al.
90

, discordance arises as a result of methodological differences across reviews.  

Methodological heterogeneity with respect to the “clinical question, study selection and inclusion, 

data extraction, assessment of study quality, assessment of the ability to combine studies, and 

statistical methods for data analysis” were all described as potential explanations of discordance.
90

  

The conclusions of a systematic review are dependent on the identified and included evidence.
90

  

Study identification and inclusion is directly linked to the study objective or clinical question, the 

search strategy, and the employed eligibility criteria.  The following section will outline examples of 

methodological differences across reviews relating to these factors. 

Reviews reporting on smoking differed with respect to their objectives.  Six
20,61,96,97,98,99

 of 

the nine reviews specifically sought primary studies which reported on the effect of smoking (i.e. 

smoking-specific reviews).  In comparison to reviews that reported on multiple putative risk 

factors
62,63,64

, smoking-specific reviews yielded more smoking-related primary studies.  Systematic 

reviews that reported on numerous risk factors yielded one
63

 to five
62

 primary studies.  In contrast, 

smoking-specific reviews (with the exception of Williams et al.
20

 which yielded a small number of 

studies due to narrow publication year limits) identifiedeight
61

 to fourty-three
98

 studies.  As the 

objective of a given review is likely to drive the search strategy, reviews with heterogeneous 

objectives are expected to vary with respect to the yield of identified studies.  Reviews specifically 

interested in the effect of smoking were more likely to employ smoking-related keyword and MeSH 

search terms (i.e. “smoking”, “tobacco”, “cigarettes”, and “nicotine”) as opposed to the generic risk 

factor terms (i.e. “risk factor”, “risks”, “health behaviours”, and “life styles”) utilized in the 

remaining reviews.  A recent study compared two search strategies that relied on generic (e.g. 

“health status”, “morbidity”, etc.) or specific (e.g. “specific illnesses, such as ‘headache’, ‘epilepsy’, 

‘diabetes mellitus’, etc.) search terms for health outcomes.
134

  The study concluded that the different 

search strings “tended to identify different studies” and complete reliance on generic or specific 

search terms would likely introduce bias as studies are “missed” when relying on one strategy 
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alone.
134

  While the study examined outcome related search terms, these findings may be extended to 

exposure search terms as well.  If so, we would expect differences in the yield of primary studies 

when we compare reviews which solely relied on generic exposure search terms (e.g. “risk factor”) 

to those which incorporated smoking-specific search terms. 

Reviews were also heterogeneous with respect to the comprehensiveness of the search 

strategy.  The number of electronic databases searched ranged from one to four.  As expected, the 

review
98

 with the most comprehensive search strategy, which also involved a grey literature search, 

yielded the greatest number of studies (n=43).  As described by Jadad et al., discordance across 

reviews is potentially explained by the comprehensiveness of the search as "reviews with more 

comprehensive search strategies are less likely to be biased".
90

  While differences in objectives and 

search strategies are potential explanations for discordance, these factors did not explain discordance 

across the identified reviews on smoking.  Reviews with the lowest and highest yield of studies as 

well as those with different objectives (smoking-specific vs. unspecified exposures) consistently 

concluded that smoking was associated with an increased risk of AD. 

Rather, the source of discordant conclusions is likely attributed to differential eligibility 

criteria. As demonstrated by the sensitivity analyses conducted by Almeida et al.
96

, case-control and 

cohort studies reported effects in opposite directions.  Consequently, eligibility criteria relating to 

study design was likely to impact review findings.  The only review
61

 to conclude a protective 

association between smoking and AD was also the only review to solely rely on findings from case-

control studies as cohort studies were unavailable.  Reviews which solely included cohort 

studies
20,62,63,64,97,99

 or reported subgroup analyses restricted to cohort studies
98

, consistently 

concluded that the evidence was suggestive of an increased risk of AD associated with smoking. 

Jadad et al. also defined discordance as differences in the magnitude and statistical 

significance of meta-analytic results.
90

  Two reviews
97,99

 reported pooled risk estimates for the 

association between current (versus never) smoking and AD.  While both reported an increased risk 

of AD, the pooled estimate reported by Peters et al.
99

 was slightly attenuated as compared to that 

reported by Anstey et al.
97

 (Peters et al.
99

 - HR: 1.59; 95% CI: 1.15, 2.20.  Anstey et al.
97

 – HR: 1.79; 

95% CI: 1.43, 2.23).  Variability with respect to the magnitude of the pooled risk estimate is likely 

attributed to reliance on different studies.  While Anstey et al.
97

 relied on only four studies for the 

analysis of current versus never smoking, Peters et al.
99

 incorporated seven studies.  The pooled 

analyses also differed with respect to the included studies.  For example, both reviewers identified 

two publications reporting on the Washington Heights Medicare study.  To avoid double counting 
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subjects, both reviewers opted to include only one of the two studies
123,129

 in the pooled analysis.  

However, the study chosen for inclusion differed across reviews.  While Anstey et al. included the 

reporting by Merchant et al.
123

 (RR: 170; 95% CI: 1.07, 2.71), Peters et al.
99

 relied on the risk 

estimate reported by Luchsinger et al.
129

 (RR: 2.70; 95% CI: 1.20, 6.30).  Such variability may 

partially account for the difference in magnitude of the pooled risk estimates. 

Discordance may also arise as a result of differential data extraction.
90

  Reviewers may 

choose to extract continuous rather than categorical risk estimates or adjusted versus unadjusted risk 

estimates.  As failure to adjust for potentially confounding variables may yield erroneously inflated 

or attenuated risk estimates
135

, reliance on crude rather maximally adjusted estimates may yield 

discordant conclusions. There was evidence of differential data extraction across systematic reviews 

reporting on smoking.  To illustrate, five of the nine systematic reviews that abstracted data from the 

primary study reported by Merchant et al.
123

 were compared.  Four
62,96,97,99

 of the five systematic 

reviews extracted the adjusted risk estimate for current smoking (RR: 1.70; 95% CI: 1.10, 2.80) 

while onereview
98

 abstracted the crude risk estimate for the same exposure (RR: 1.90; 95% CI; 1.20, 

3.00).  While this difference was inconsequential, systematic differences across reviews with respect 

to data extraction may serve as a potential explanation for discordance. 

 

Overlap across reviews 

As recommended by White et al.
51

, the most recent review
98

 with the highest yield of 

primary studies (43 studies reported in 40 publications) was used as the referent.  As summarized in 

Tables 2a and 2b, when compared to the referent, the reviews by Patterson et al.
63

 (n = 0) and Lee et 

al.
64

 (n = 1) had the lowest number of overlapping studies.  The degree of overlap was significantly 

higher in the review reported by Almeida et al.
96

 with 60% overlap across reviews (26 studies 

reported in 25 publications).  The remaining reviews included two to 10 overlapping studies.   

The extent of primary study overlap is dependent on the methodological characteristics of 

the reviews, particularly, the search strategy and eligibility criteria.
51

  To identify explanations for 

the varying degree of overlap across reviews, the methodological characteristics of each review were 

compared to the referent
98

.  As expected, methodologically similar reviews were more likely to 

identify and include the same studies.  The review
96

 with the greatest number of overlapping studies 

shared methodological similarities with the referent.  Both specifically sought smoking-related 

primary studies and both employed relatively broad eligibility criteria (i.e. inclusion of all case-
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control or cohort studies reporting on the association between smoking and AD).  The non-inclusion 

of a majority of the missed studies (13 of 17) can be attributed to publication date.  More 

specifically, 13 studies (reported in 12 publications) that were included in the referent
98

 but not 

included by Almeida et al.
96

 were published after April 2000 and would not have been available for 

inclusion.  Reasons for the non-inclusion of the remaining four studies (reported in three 

publications) is elusive but may be attributed to the search strategy, particularly, the lack of grey 

literature searching by Almeida et al.
96

 

A low degree of primary study overlap can be explained by methodological differences 

across reviews.  As compared to the referent, reviews with very low (n = 1 to 3) primary study 

overlap did not specifically seek studies reporting on smoking.  Rather, three
62.63.64

 reviews with low 

study overlap sought studies reporting on various exposures.  As previously discussed, the objective 

of a review is likely to drive the search strategy.  Compared to the referent, these reviews failed to 

incorporate smoking-related search terms.  This may explain the differences in primary study yield 

and the low overlap between these reviews and the referent. Another review
20

 with low overlap was 

essentially an update to a previous review and would have low overlap due to publication year limits 

(i.e. post 2005).  While the referent review
98

 and that reported by Peters et al.
99

 both considered case-

control and cohort studies, the low overlap between reviews is likely attributed to differences with 

respect to publication year restrictions.  Eighteen studies included in the referent review
98

 were 

ineligible for inclusion by Peters et al.
99

 as they were published prior to 1996.  Finally, important 

sources of methodological heterogeneity may explain the relatively low (n=10) primary study 

overlap identified in the Anstey et al.
97

 review.  While both Anstey et al.
97

 and the referent review
98

 

specifically sought studies reporting on smoking, differences in eligibility criteria are likely to 

explain the non-inclusion of 33 studies.  As compared to the referent, Anstey et al.
97

 applied rigorous 

eligibility criteria.  Case-control studies, cohort studies that did not adequately exclude prevalent 

cases at baseline, those with small sample sizes (i.e. <50 subjects), and those with a duration of 

follow-up less than one year were all excluded.
97

   The strict eligibility criteria accounts for the non-

inclusion of the 26 case-control studies included in the referent.  Reasons for non-inclusion of the 

remaining studies may be attributed to other eligibility criteria or differences in the search strategy 

(e.g. lack of grey literature search). 

Multiple reviews reporting on the same topic or clinical question results in unnecessary 

duplication of research efforts and waste of research resources.
136

  While there was some overlap of 

primary studies across reviews, overlap of studies was relatively low when the review by Cataldo et 
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al.
98

 was employed as the referent.  However, when we compare the reviews by Anstey et al.
97

 (n= 

10) and Peters et al.
99

 (n=11), which were published within one year of each other, there is 

significant overlap with six common studies across reviews.  As expected, the main conclusions of 

both reviews were concordant.  Finally, as Patterson et al.
63

 relied on the systematic review reported 

by Almeida et al.
96

, there was complete overlap across these two reviews. Extensive primary study 

overlap emphasizes the “redundancy” of multiple reviews examining the same research question.
136

 

 

Overall findings 

 

Considered cumulatively, the identified systematic reviews yielded relatively consistent 

findings suggesting an increased risk of AD associated with smoking.  However, the increased risk 

of AD was only apparent in current smokers.  Former or ever smoking was not associated with AD.  

Failure to detect an association for former or ever smoking may be attributed to poorly defined 

exposure categories.
97,99

  These categories are likely to include subjects with diverse smoking 

histories with respect duration and cessation time.
97,99

  Such heterogeneity may impede the detection 

of an association between AD and former or ever smoking, if one exists.
97,99

 

A number of case-control studies detected a reduced risk of AD attributed to smoking.  

While these results may be indicative of an association, lending epidemiological evidence to the 

proposed neuroprotective effect of nicotine, these findings are likely attributed to sources of bias 

inherent in the methodological design of such studies.
61,98

  This assumption is confirmed when 

findings of case-control studies are compared to those derived from methodologically rigorous 

prospective studies.
98

  The review by Cataldo et al.
98

 provided further confirmation suggesting that 

results derived from case-control studies were statistically different than those derived from cohort 

studies.
98

  Of particular importance, case-control studies are susceptible to recall bias as exposure 

ascertainment is reliant on the ability to accurately recall past exposures.
71,98

  Differential recall 

across outcome categories may yield biased results.
72

   

Inadequate selection of a control population may also contribute to the findings derived from 

case-control studies.
71,96

  Although use of hospital controls has been cited as a method to reduce the 

potential for differential recall (i.e. to ensure that cases and controls have equal incentive to 

accurately recall past exposures), selection of hospital controls may give rise to selection bias.
72,96,137

  

More specifically, because smoking is associated with a number of morbidities treated in 
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hospital/medical facilities, controls selected from such sources are likely to be exposed.
96,137

  This 

would result in an attenuated risk estimate.
137

 

Results of case-control and cohort studies may be susceptible to differential mortality or 

survival.
61,96,98

  Because smoking is associated with higher mortality rates, smokers are less likely to 

survive to an age suitable for recruitment in studies of geriatric conditions such as AD.
57,138  

Smokers 

that do survive to such an age may have characteristics (e.g. factors that confer genetic protection) 

that mitigate the adverse effects of smoking and/or protect against the development of AD.
138

 

Consequently, if smokers with such characteristics are compared to non-smokers, smokers would be 

less likely to develop AD resulting in risk estimates below 1.00.
138

  Spurious results could also be 

obtained if deceased smokers were predisposed to AD.
138

  The elimination of exposed ‘would-be 

cases’ from the sample would yield results suggesting that smokers are less likely to develop AD.
138

   

When the analysis is restricted to cohort studies, there is consensus regarding the detrimental 

association.  The association was observed in the pooled analyses of cohort studies reported by 

Anstey et al.
97

 and in the analysis restricted to industry unaffiliated cohort studies conducted by 

Cataldo et al.
98

  Although Cataldo et al.
98

 adjusted for the effect of industry affiliation, a factor that 

has shown to contribute to bias
98

, the review by Anstey et al.
97

 is strengthened by the exclusion of 

prevalent cases and stratification by smoking status (i.e. current, former, ever)
20

.  Exclusion of 

prevalent cases is imperative in prospective cohort studies as exposure status may be altered as a 

result of diagnosis.
93

  Secondly, Anstey et al.
97

 determined that current but not former or ever 

smoking was associated with AD.  Because Cataldo et al.
98

 did not distinguish between these 

smoking categories, the derived risk estimate is likely attenuated as it pertains to the effect of 

smoking considered as a broad category. 

The current evidence pertaining to the effect of smoking on the risk of AD is limited by a 

number of factors.  Available observational studies are heterogeneous with respect to the definition 

of former and ever smoking.
97,99

  Studies reporting on current smoking status and risk of AD may 

also be flawed.  As neuropathological changes associated with AD maybe present decades before 

symptom onset, cohort studies that recruit subjects in mid- or late-life and examine current smoking 

status alone are likely to miss the critical exposure window.
18,20

  Reverse causation may exlain the 

association as current smoking status may be altered by presence of disease.  Further, current 

smoking status provides no indication of cumulative smoking history across the lifespan.  As noted 

by several reviewers, pack-year smoking history would establish a more precise measure of smoking 

status.
20,97,99

  However, this information is largely unavailable in the current literature.
97,99

  Secondly, 
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most studies did not specify the type of smoking (i.e. cigarette, cigar, pipe) being considered.  If the 

noxious properties are present in different concentrations, the health impact may differ.  Differences 

across cigarette brands, cigarettes of the past versus those of the present, and regional differences 

may also impact study findings.  Thirdly, the adverse health effects of smoking have been at the 

forefront of media attention.  Because smoking is a behavioural risk factor and all of the 

observational studies relied on self-reported smoking history, there is potential for exposure 

measurement error (i.e. underreporting) due to the stigmatization of smoking in current society.
139

  A 

study of head and neck cancer patients emphasized the necessity of objective measures for exposure 

ascertainment when examining the effect of smoking.
140

  The potential for industry influence must 

also be considered when reviewing the available evidence.
98

  To account for this potential source of 

bias, industry affiliation must be transparently reported.
98

  As noted in a number of reviews, while 

the evidence suggests that smoking increases risk of AD, the isolated effect of nicotine is 

unknown.
20,99

  Finally, while there is evidence that the effect of smoking may be modified by APOE 

e4 status, further research is required to confirm the legitimacy of this interaction.
20
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Table 2a - Smoking and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Graves 

et al.
61

 

 

(1991) 

Amstar score: 

4 

 

Publication 

Bias Assessed: 

No 

To examine 

the effect of 

tobacco and 

alcohol 

consumption 

on the risk of 

AD. 

All 

studies 

conducted 

before 1 

January 

1990 

1. Medline 8 7 of 43 1. Ever vs. never smokers 

(n=8): (RR: 0.78; 95% CI: 

0.62, 0.98) 

 

2. Ever vs. never smokers 

(n=7)
b
: (RR: 0.72; 95% CI: 

0.56, 0.92) 

 

3. Ever vs. never smokers 

subgroup analysis stratified 

by family history (n=7)*: 

(Positive family history – RR: 

0.63; 95% CI: 0.41, 0.94.  

Negative family history – RR: 

0.81; 95% CI:  0.58, 1.13) 

 

4. Quantity of smoking 

(n=5)*: (<1 pack/day - RR: 

0.80; 95% CI: 0.60, 1.07. >1 

pack/day - RR: 0.66; 95% CI: 

0.44, 1.00) 

 

5. Pack-year smoking history 

(n=4): (<15.5 pack-years - 

RR: 0.73; 95% CI: 0.50, 1.09.  

Smoking 

was 

associated 

with a  

reduced risk 

of AD. 
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15.5-37.0 pack-years – RR: 

0.63; 95% CI: 0.42, 0.95.  

>37.0 pack-years – RR: 0.50; 

95% CI: 0.31, 0.80) 

 

Almeida 

et al.
96

 

 

(2002) 

Amstar score: 
5 

 

Publication 

Bias Assessed:  
No 

 

 

To 

investigate 

the 

association 

between 

smoking and 

Alzheimer's 

disease. 

All years 

from 

inception 

of the 

databases 

up to 

April 

2000 

1. Medline 

2. PsychInfo 

29 26 of 43 1. All case-control studies 

(n=21):  (OR: 0.74; 95% CI: 

0.66, 0.84;  Test for statistical 

heterogeneity:  p = 0.246)  

 

2. Higher quality case-control 

studies (n=8):  (OR: 0.82; 95% 

CI: 0.70, 0.97; Test for 

statistical heterogeneity: p = 

0.279)  

 

3.  Higher quality case-

control studies employing a 

matched-design:  (OR: 0.82; 

95% CI: 0.53, 1.27; Test for 

statistical heterogeneity:  p = 

0.283) 

 

4. All cohort studies (n=6) 

(OR: 1.10; 95% CI: 0.94, 1.29;  

Test for statistical 

heterogeneity:  p = 0.004)  

 

5. Higher quality cohort 

studies (n=4):  (OR: 1.12; 95% 

CI: 0.93, 1.34;  Test for 

statistical heterogeneity:  

0.308)  

 

6. Cohort studies that 

"described the number of 

subjects who were smokers at 

Association 

between 

smoking and 

AD was 

unclear.   
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baseline and later developed 

AD" (n=2):  (OR: 1.99; 95% 

CI: 1.33, 2.98; Test for 

heterogeneity: Not reported) 

Weih et 

al.
62

 

 

(2007) 

Amstar Score: 

6 

 

Publication 

Bias Assessed: 

No 

 

To 

investigate 

the effect of 

several 

putative risk 

factors on the 

development 

of AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane 

Database 

4. Current 

Contents 

 

5 4 of 43 Three of five studies detected 

an increased risk of AD 

associated with current 

smoking.  Two studies failed to 

detect an association between 

smoking and AD. 

Evidence 

was 

suggestive of 

an increased 

risk of AD 

associated 

with 

smoking. 

Patterson 

et al.
63

 

 

(2007) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To 

investigate 

the effect of 

several 

putative risk 

factors on the 

development 

of AD and 

other 

cognitive 

outcomes. 

1966 to 

December 

2005 

1. Medline 

2. Embase 

0 0 of 43 Relied on the systematic 

review reported by Almeida et 

al.
96

 

 

Evidence 

was 

suggestive of 

an increased 

risk of AD 

associated 

with 

smoking. 

Anstey 

et al.
97

 

 

(2007) 

Amstar score: 

4 

 

Publication 

Bias Assessed: 

No 

To examine 

the effect of 

smoking on 

risk of AD 

and other 

cognitive 

outcomes. 

All years 

from 

inception 

of the 

databases 

to June 

2005 

1. PubMed 

2. PsychInfo 

3. Cochrane 

CENTRAL 

10 10 of 43 1. Current smokers vs. Never 

smokers:  (RR: 1.79; 95% CI: 

1.43, 2.23; Test for statistical 

heterogeneity: x
2 
= 2.35, 3df, p 

= 0.50)  

 

2. Ever smokers vs. Never 

smokers:  (RR: 1.21; 95% CI: 

0.66, 2.22; Test for statistical 

heterogeneity:  x
2 
= 12.19 2df, 

p= 0.01)  

 

3. Former smokers vs. never 

smokers:  (RR: 1.01; 95% CI: 

Current 

smoking was 

associated 

with an 

increased 

risk of AD.  

Ever and 

former 

smoking 

showed no 

association 

with AD. 
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0.83, 1.23; Test for statistical 

heterogeneity:  x
2 
= 5.27, 4df, p 

= 0.26)  

 

4. Current smokers vs. 

former smokers:  (RR: 1.70; 

95% CI: 1.25, 2.31; Test for 

statistical heterogeneity:  x
2 
= 

1.85, 3df, p = 0.60)  

 

5. Current smokers vs. 

Former and Never smokers:  
(RR: 1.25; 95% CI: 0.49, 3.17; 

Test for statistical 

heterogeneity:  x
2 
= 4.90, 1df, p 

= 0.03)  

Peters et 

al.
99

 

 

(2008) 

Amstar score: 

6 

 

Publication 

Bias Assessed: 

Yes, Funnel 

plots, No 

indication of 

publication bias 

 

To examine 

the effect of 

smoking 

status and 

risk of all-

cause 

dementia, 

AD, and 

cognitive 

decline. 

1996 to 

November 

2007 

1. Medline 

2. Embase 

3. PsychInfo 

4. Cochrane 

Database 

11 9 of 43 1. Current smokers vs. Never 

smokers (n=8): (RR: 1.59; 

95%: CI 1.15, 2.20; Test for 

statistical heterogeneity: 

Cochran Q = 23.35, p = 

0.0015)  

 

2. Former smokers compared 

to Never smokers:  (RR: 0.99; 

95% CI: 0.81, 1.23; Test for 

statistical heterogeneity:  

Cochran Q = 11.27, p = 

0.0804)  

Current 

smoking was 

associated 

with an 

increased 

risk of AD.  

No 

association 

between AD 

and former 

smoking. 

Cataldo 

et al.
98

 

 

(2010) 

Amstar score: 7 

 

Publication 

Bias Assessed:  
Yes, Funnel 

plot, No 

evidence of 

publication bias 

To 

investigate 

the 

association 

between 

cigarette 

smoking and 

Alzheimer's 

Not 

specified 

1. PubMed 

2. PsychInfo 

3. Cochrane 

CENTRAL 

4. Google 

Scholar 

43 Referent 1. Case-control studies 

without tobacco industry 

affiliation (n=18):  (OR: 0.91; 

95% CI: 0.75, 1.10; Test for 

statistical heterogeneity: 

I
2
=28.2%, p=0.129)  

 

2. Case-control studies with 

Smoking 

was 

associated 

with an 

increased 

risk. 
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disease  tobacco industry affiliation 

(n=8):  (OR: 0.86; 95% CI: 

0.75, 0.98; Test for statistical 

heterogeneity:  I
2
 = 0.0%, p = 

0.748 )  

 

3. Cohort studies without 

tobacco industry affiliation 

(n=14):  (RR: 1.45; 95% CI: 

1.16, 1.80; Test for statistical 

heterogeneity:  I
2
 = 70.0%, 

p=0.000)  

 

4. Cohort studies with 

tobacco industry affiliation 

(n=3):  (RR: 0.60; 95% CI: 

0.27, 1.32; Test for statistical 

heterogeneity: I
2 
= 65.3%, p = 

0.056)  

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

smoking 

 

To examine 

the effect of 

several 

factors, 

including 

smoking, on 

the risk of 

developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

 

2. Cochrane 

Database 

Of 

Systematic 

Reviews 

2 2 of 43 Results from one systematic 

review (Anstey et al.
97

) and 

two additional cohort studies 

were discussed. 

 The identified 

systematic review 

suggests that current 

smoking is associated 

with an increased risk 

of AD. Former and 

ever smoking was not 

associated with AD. 

 Both cohort studies 

detected an increased 

risk of AD associated 

with current but not 

former smoking.  

Evidence 

was 

suggestive of 

an increased 

risk of AD 

associated 

with current 

but not 

former 

smoking. 
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Association between 

current smoking and 

AD was modified by 

APOE status (current 

smoking increased 

risk of AD in non-

carriers only) 

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To examine 

the effect of 

several 

factors, 

including 

smoking, on 

the risk of 

developing 

AD and other 

cognitive 

impairments. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. PsychInfo 

4 1 of 43 All four included studies 

detected an increased risk of 

AD associated with smoking.   

Smoking 

was 

associated 

with an 

increased 

risk of AD. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White, CM et 

al.
51

 
b pooled analysis excluding outlying study 
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Table 2b - Overlap across reviews reporting on smoking and risk of AD 

 

  

Cataldo 

et al.
98

 

Graves 

et al.
61

 

Almeida 

et al.
96

 

Anstey et 

al. 
97

 

Weih et 

al.
62

 

Patterson 

et al.
63

 

Peters et 

al.
99

 

Lee et 

al.
64

 

Williams 

et al.
20

 

Month/ 
year 

published 04/2010 NR/1991 01/2002 03/2007 06/2007 10/2007 12/2008 03/2010 04/2010 

Month/ 
year of 

last search NR 01/1990 04/2000 06/2005 06/2006 12/2005 11/2007 08/2008 10/2009 

Design of 

included 
studies 

Case-

control, 
Cohort 

Case-
control 

Case-

control, 
Cohort Cohort Cohort  Cohort Cohort Cohort Cohort 

Included 

primary 

studies:                    

Heyman 
1984 Yes Yes Yes No No No No No No 

French 

1985 Yes Yes Yes No No No No No No 

Amaducci 

1986 Yes Yes Yes No No No No No No 

Chandra 

1987 Yes Yes Yes No No No No No No 

Shalat 

1987 Yes Yes Yes No No No No No No 

Barcley 

1989 Yes No Yes No No No No No No 

Katzman 

1989 Yes No Yes No No No No No No 

Grossberg 

1989 No No Yes No No No No No No 

Hofman 

1989 No Yes No No No No No No No 

Broe 1990 Yes Yes Yes No No No No No No 

Ferini-

Strambi 
1990 Yes No Yes No No No No No No 

Graves 

1990 Yes Yes Yes No No No No No No 

van Duijn 
1991 Yes No Yes No No No No No No 

Hebert 

1992 Yes No Yes No No No No No No 

Hirayama 
1992 Yes No Yes No No No No No No 

Brenner 

1993 Yes No Yes No No No No No No 

Prince 
1994 Yes No Yes No No No No No No 

Canadian 

Study of 

Health and 

Aging 

1994 No No Yes No No No No No No 

Plassman 
1995 Yes No Yes No No No No No No 

Forster 

1995 Yes No Yes No No No No No No 



64 

 

 

 

 

 

*Publications reporting on multiple studies or presenting data for subgroups (treated as separate studies) 

**Study was included in review but not for analyses of AD 

 NR = not reported; Yes = Included in review; No = Not included in review 

Layout of table adopted from Siontin et al.
136

 

 

 

 

 

Yoshitake 

1995 Yes No No Yes Yes No No No No 

Shaji 1996 Yes No Yes No No No No No No 

Salib 1997 Yes No Yes No No No No No No 

Lerner 
1997 Yes No Yes No No No No No No 

Wang 

1997 Yes No Yes No No No No No No 

Broe 1998 Yes No No Yes No No No No No 

Harwood 

1998* Yes No No No No No No No No 

Ott 1998 No No Yes No Yes No Yes Yes No 

Wang 

1999* Yes No Yes Yes No No Yes No No 

Merchant 

1999 Yes No Yes Yes Yes No Yes No No 

Launer 

1999 Yes No Yes Yes Yes No Yes No No 

Debanne 

2000 Yes No No No No No No No No 

Doll 2000 Yes No Yes No No No Yes No No 

Bowirrat 

2001 Yes No No No No No No No No 

Lindsay 

2002 Yes No No Yes Yes No Yes No No 

Maia 2002 Yes No No No No No No No No 

Bachman 
2003* Yes No No No No No No No No 

Piguet 

2003 Yes No No No No No Yes** No No 

Tyas 2003 No No No No No No Yes Yes No 

Moffat 
2004 Yes No No Yes No No No No No 

Juan 2004 Yes No No Yes No No Yes No No 

Laurin 

2004 Yes No No Yes No No No No No 

Luchsinge
r 2005 Yes No No Yes No No Yes No No 

Aggarwal 

2006 Yes No No No No No Yes No Yes 

Reitz 2007 Yes No No No No No Yes Yes Yes 

Kivipelto 
2008 No No No No No No No Yes No 
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3.4 Polyunsaturated fatty acids  

 

Research suggests that polyunsaturated fatty acids (PUFAs) may exert neuroprotective 

effects including the attenuation of cognitive decline and prevention of dementia.
141

  The 

neuroprotective effects are attributed to the role of PUFAs in mitigating cardiovascular risk factors 

associated with dementia, preventing inflammation, and decreasing the production  of 

neuropathological hallmarks of AD, namely, beta-amyloid and neuritic plaques.
141

  Omega-3 (n-3) 

and omega-6 PUFAs can be obtained from several dietary sources including “dairy products, meat, 

vegetables, oils, and fish”.
141

  The effect of omega-6 and both long-chain (docosahexaenoic acid, 

eicosapentaenoic acid) and short-chain (alpha linolenic acid) omega-3 fatty acids on the incidence of 

AD have been examined in the literature with an emphasis on the effect of omega-3 fatty acids 

obtained from fish consumption.   

Nine systematic reviews
20,58,62,63,64,141,142,143,144

 examining the association between 

polyunsaturated fatty acids and risk of AD were identified.  Two
58,141

 of the reviews were deemed to 

be of low methodological quality according to the AMSTAR criteria and were consequently 

excluded from the complex review.  Findings from the remaining seven moderate
20,62,63,64,142,144

 and 

high
143

 quality reviews are qualitatively summarized.   

 

a) Study: Issa et al.
142

 

Year: 2006 

AMSTAR score: 7 

Issa et al.
142

 reviewed the effect of omega-3 fatty acid intake on cognitive function and 

incidence of dementia.  Several electronic databases were searched and bias was minimized through 

independent, duplicate screening and extraction.
142

  The reviewers identified three prospective cohort 

studies
145,146,147

which examined the effect of omega-3 fatty acid on the development of AD.  The 

studies observed an aggregate of 308 cases of AD (N = 7617) during periods of follow-up ranging 

from 2.1 to seven years.  AD was diagnosed according to DSM and NINCDS-ADRDA criteria.  All 

three studies estimated the intake of omega-3 fatty acids based on quantity of fish consumed.  

However, categorization of the exposure varied across the included studies with two studies
145,147

 

examining the effect of weekly consumption and one
146

 study examining the effect of daily 

consumption.  In addition to examining the effect of omega-3 fatty acids derived from fish, one 
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study
147

 also examined the effect of total omega-3 fatty acid, long-chain omega-3 fatty acids 

(docosahexaenoic acid, eicosapentaenoic acid) and short-chain omega-3 fatty acids(alpha linolenic 

acid) on incident AD.
142

  Heterogeneity across the included studies precluded a meta-analysis.
142

 

Two of three studies reported statistically significant findings suggesting a reduced risk of 

AD associated with fish consumptions (≥one time/week
145

 - RR: 0.69; 95% CI: 0.47, 1.01.>18.5 

g/day
146

: RR: 0.30; 95% CI: 0.10, 0.90.  >one serving/week
147

 - RR: 0.40; 95% CI: 0.20, 0.90).  

Findings from one
147

 of the studies also suggested that the highest quintile of intake of total n-3 fatty 

acid and DHA but not EPA or ALA was associated with a reduced risk of AD (Total n-3 fatty acid 

1.75g/day - RR: 0.40; 95% CI: 0.10, 0.90.  DHA 0.10 g/day - RR: 0.30; 95% CI: 0.10, 0.90. ALA 

1.46g/day – RR: 0.70; 95% CI: 0.30, 1.60.  EPA 0.03 g/day – RR: 0.90; 95% CI: 0.40, 2.30). This 

study also found that the association between total omega-3 fatty acid was modified by sex (p=0.02).  

Total intake of omega-3 fatty acids was associated with a reduced risk of AD in females but not 

males.
142

  The reviewers concluded that while there was some evidence of an association between 

omega-3 fatty acids and AD, the small number of available studies precluded definitive 

conclusions.
142

 

 

b) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The effect of dietary fish consumption and omega-3 fatty acids on the incidence of AD was 

examined in the review by Weih et al.
62

  Dietary consumption was assessed by food frequency 

questionnaires across all included studies.
62

  Outcome ascertainment was achieved according to the 

NINCDS-ADRDA in all included studies.
62

  A pooled analysis of the identified evidence was not 

conducted. 

The review identified the same three studies
145,146,147

 captured in the systematic review 

reported by Issa et al.
142

 (RRs presented in section a).  Overall, two
146,147

 of the three included studies 

reported a statistically significant reduced risk of dietary fish consumption and one detected a 

protective effect associated with total n-3 fatty acids.  Based on these results, the reviewers suggested 

that there was “good evidence” to support a reduced risk of AD associated with omega-3 fatty 

acids.
62
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c) Study: Patterson et al.
63

 

Year: 2007 

AMSTAR score: 4 

 

The systematic review conducted by Patterson et al. examined the effect of several putative 

risk factors on the development of AD and other cognitive outcomes including unspecified dementia 

and vascular dementia.
63

  Studies were located using a search of Medline, Embase, and by reviewing 

the reference list of pertinent studies.
63

 Studies excluded by the primary reviewer were verified by 

three reviewers.
63

  Duplicate, independent quality assessment and data extraction were carried out.
63

 

Longitudinal studies deemed to be of “fair” or “good” quality were eligible for inclusion.
63

  

Methodological quality was ascertained according to several criteria pertaining to the sampling 

strategy, exclusion of prevalent cases at baseline, completeness of follow-up, methods for 

exposure/outcome ascertainment, degree of confounding adjustment, and adequacy of the statistical 

analysis.
63

  Only one relevant study
146

 was identified.  The study reported a reduced risk of AD 

associated with fish consumption exceeding 18.5 g/day (RR presented in section a). 

 

 

d) Study: Lim et al.
143

 

Year: 2006 

AMSTAR score: 10 

 

The high-quality Cochrane systematic review conducted by Lim et al.
143

 examined the 

association between omega-3 fatty acid and the risk of AD.  An extensive electronic database search 

was conducted to identify studies randomized controlled trials published up to October 2006.  The 

review identified zero studies. 
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e) Study: Dangour et al.
144

 

Year: 2010 

AMSTAR score:5 

 

The systematic review by Dangour et al.
144

 examined the association between fish and 

polyunsaturated fatty acids and risk of AD.  Six prospective cohort studies
145,147,148,149,150,151

 were 

eligible for inclusion.  Two of the included studies
145,147

 were captured in earlier reviews
62,142

.  The 

six included studies observed an aggregate of 749 cases of AD (N = 12207) during periods of 

follow-up ranging from 3.9 to 21 years. A diagnosis of AD was based on NINCDS-ADRDA criteria 

in five of the included studies.
144

  The criteria employed for outcome ascertainment in the remaining 

study
145

 was not specified.  Dietary intake of fish, polyunsaturated fatty acids (PUFA), 

docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA) was measured by food frequency 

questionnaires (FFQs) in all six studies.
144

  One study
150

 also examined the association between AD 

and plasma concentrations of EPA and DHA.  Heterogeneity across studies precluded a meta-

analysis.
144

 

A total of four studies
145,147,149,150

 reported on the association between PUFA intake, 

estimated by fish consumption, and risk of AD.  Of these studies, only one
147

 reported a reduced risk 

of AD associated with higher fish consumption (RR for two studies
145,147

 reported in section a.  ≥ 4 

servings/week
149

 – HR: 0.69; 95% CI: 0.91, 1.22.  Threshold undefined
150

 – No association; RR not 

reported in review, however, presented in section g). 

Three studies
147,148,151

 investigated the association between AD and polyunsaturated fatty 

acids (PUFA) estimated by other or unspecified dietary sources and plasma levels.  Two
148,151

 of the 

three studies reported no association between PUFA and AD (Per SD increase
148

–HR: 1.07; 95% CI: 

0.91, 1.25.  High intake from spreads
151

 - No association; OR not reported in review).  However, the 

latter study reported a reduced risk of AD associated with moderate PUFA consumption from 

spreads and risk of AD (OR: 0.40; 95% CI: 0.17, 0.94).  One
147

 study reported a decreased risk of 

AD associated with high omega-3 fatty acid intake (RR reported in section a).   

Two studies
147,150

 investigated the association between subtypes of omega-3 fatty acids and 

risk of AD.  One
150

 found that both plasma concentrations and dietary intake of DHA were not 

associated with AD risk (Plasma - RR: 0.61; 95% CI: 0.31, 1.18.  Dietary - RR: not reported).The 

other reported discrepant findings suggesting a reduced risk of AD associated with high DHA intake 
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(RR presented in section a).  Plasma concentrations and dietary intake of EPA were not associated 

with risk of AD according to both studies (RR for one study
147

 reported in section a.  Schaefer et 

al.
150

 - RR: not reported). 

Overall, of the six included studies reporting on the association between PUFAs and AD, 

only one study reported a statistically significant reduced risk of AD associated with fish 

consumption, omega-3 fatty acids, and a high intake of DHA.
144

  Based on these findings, the 

reviewers suggest the association between PUFAs and risk of incident AD was inconclusive.
144

 

 

f) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al.
64

 examined the association between PUFAs and risk of AD.  

Methods for exposure and outcome ascertainment employed in the primary studies were not 

specified in the review.
64

  Inclusion was restricted to studies of high methodological quality, which 

was established according to an assessment of several criteria, namely, sampling strategy, methods 

for exposure/outcome ascertainment, degree of confounding adjustment, and completeness of 

follow-up.
64

  Heterogeneity across the included studies precluded a meta-analysis.
64

 

Two prospective cohort studies
149,151

 satisfied the eligibility criteria of the review. Both 

studies were captured by the review reported by Dangour et al.
144

  The studies observed an aggregate 

of 266 cases of AD (N = 3682) during periods of follow-up ranging from nine to 21 years.  One
149

 

reported a reduced risk of AD associated with higher fatty fish consumption (≥ 4 servings/week - 

HR: 0.54; 95% CI: 0.31, 0.95).  The abstracted risk estimate differs from that reported in the review 

by Dangour et al.
144

  An explanation for this discrepancy is provided in the discussion section (see 

page 94).  The second included study reported a reduced risk of AD associated with moderate 

consumption of polyunsaturated fatty acid (RR presented in section e).  The reviewers concluded that 

“there was consistent evidence of a protective effect of…fish consumption”.
64

 

 

g) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 
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The Technology Assessment prepared by the Duke Evidence-based Practice Center
20

 

collated evidence pertaining to the association between omega-3 fatty acids and risk of AD from 

longitudinal cohort studies.  Previous systematic reviews were also eligible for inclusion.  All 

included studies adhered to the NINCDS-ADRDA or DSM diagnostic criteria for AD ascertainment.  

Omega-3 fatty acid intake was ascertained based on the quantity of fish consumption, consumption 

of unspecified dietary sources or plasma/serum levels.
20

  Exposure status was ascertained according 

to serum, plasma, blood, or erythrocyte membrane concentrations of PUFAs in four studies reported 

in five publications
150,152,153,154,155

.  Exposure ascertainment was achieved according to self-reported 

dietary histories and/or data derived from food frequency questionnaires (FFQs) in the remaining 

studies.  Heterogeneity across included studies precluded a pooled analysis. 

The HTA identified a systematic review
141

 which summarized evidence from seven 

longitudinal cohort studies reported in nine publications
145,146,147,148,149,150,152,153,154

.  Two studies
155,156 

published after the included review were identified and included.  Six of the 

publications
145,146,147,148,149,150

 were captured in earlier systematic reviews.  The nine studies, reported 

in 11 publications, observed an aggregate of 1233 cases of AD (N = 24966) during periods of 

follow-up ranging from 2.1 to 9.6 years.   

Of the seven studies reporting on the effect of fish consumption, only three studies reported 

in five publications
146,147,148,152,153

 detected a statistically significant reduced risk of AD (RR for two 

studies reported in three publications
146,147,148

 presented in section a). However, one of these studies, 

reported in two publications
152,153

, reported a reduced risk of AD associated with moderate but not 

high fish consumption (2 to 3 times a week - HR: 0.59; 95% CI: 0.37, 0.94. ≥ 4 times per week - HR: 

0.58; 95% CI: 0.25, 1.34).  Four
145,149,150,156

 of the remaining studies failed to detect a statistically 

significant association between fish consumption and risk of AD (RRs for two studies
145,149

 presented 

in sections a and e.  ≥ 2 times/week
150

: RR: 0.61; 0.28, 1.33.  High versus no intake
156

– HR: 0.99; 

95% CI: 0.76, 1.29). 

Conflicting findings were obtained from the analysis of PUFAs derived from other or 

unspecified dietary sources or ascertained according to plasma/serum levels.
20

  One study each 

reported no association between omega-3consumption
156

 (RR not reported in review) and plasma 

concentrations of total PUFA
155

 (HR: 1.12; 95% CI: 0.63, 1.98).  Two studies, reported in three 

publications, found no association between higher linoleic
146,148

 or linolenic
147

 acid consumption with 

AD (> 15g/day
146,148

 - RR: 0.60; 95% CI: 0.30, 1.20.  RR for one study
147

 presented in section a).  
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One
147

 of four studies examining DHA reported a reduced risk of AD associated with higher dietary 

intake (RR presented in section a).  The remaining studies
150,155,156

 reported no association between 

AD and dietary intake or plasma concentrations of DHA (RR for one study
150

 presented in section e.  

RRs for two studies
155,156

 not reported in review).Plasma concentrations of EPA were associated with 

a reduced risk of AD/dementia according to one study reported in two publications
152,153

 (RR not 

reported in review).  However, total or dietary intake of EPA was not associated with AD according 

to three studies
147,155,156

 (RR for one study
147

 presented in section a.  RRs for two studies
155,156

 not 

reported in review).  Although not presented in the HTA report, the review reported by Dangour et 

al.
144

 indicated that one additional study
150

 found  no association between plasma concentrations of 

EPA and AD (see section e). 

Considered cumulatively, the reviewers concluded that the evidence was not suggestive of 

an association between PUFAs and risk of AD.
20

 

 

 

Discussion 

 

Seven higher quality systematic reviews collating evidence from 12 longitudinal studies 

reporting on the association between PUFAs and risk of AD were identified and included.  The 

systematic reviews
62,64 ,142

 including the fewest number of studies consistently concluded that there 

was evidence to suggest that PUFAs may protect against the development of AD.  However, larger 

systematic reviews conducted by Williams et al.
20

 and Dangour et al.
144

 identified a number of 

negative studies suggesting that there was insufficient evidence to suggest an association between 

PUFAs and risk of AD.
20,144

 

Non-independence of the included systematic reviews, due to significant primary study 

overlap, must be noted.  Seven of the eleven available primary studies appeared in more than one 

review.  Using the review by Williams et al.
20

 as the referent, primary study overlap varied from 

zero
143

 to five
144

 studies.  All of the studies identified by Issa et al.
142

, Weih et al.
62

, and Patterson et 

al.
63

 were also captured in the referent.  Further, the referent and Dangour et al.
144

 shared all but 

one
151

 of the six studies included in the latter review.  Despite reliance on the same primary studies, 

there was evidence of discrepant data abstraction across reviews.  For example, two
20,144

 of the three 

reviews which included the primary study by Huang et al.
149

, relied on the fully adjusted risk 

estimate which showed no association (HR: 0.69; 95% CI: 0.91, 1.22).  The remaining review
64
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abstracted the minimally adjusted risk estimate which showed a statistically significant association 

between high fish consumption and risk of AD (HR: 0.54; 95% CI: 0.31, 0.95).  Similarly, data 

abstracted from a second primary study
151

 differed across reviews.  While one review
144

 relied on the 

fully adjusted risk estimate for the second quartile of consumption (OR: 0.53; 95% CI: 0.21, 1.37), 

another review
64

 relied on the minimally adjusted risk estimate for the third quartile (OR: 0.54; 95% 

CI: 0.31, 0.95).  These examples illustrate that systematic differences in data abstraction may 

contribute to discordant conclusions across reviews which rely on the same primary studies.
90

 

The inconsistent findings across primary studies may be attributed to a number of factors, 

particularly pertaining to issues associated with exposure ascertainment.
20,142

  As noted by Issa et al., 

studies examining the effect of PUFAs are limited by a “lack of standardized methods to measure 

nutrient levels” which may give rise to exposure measurement error resulting in biased risk 

estimates.
142

  A number of primary studies employed food frequency questionnaires (FFQs) to 

ascertain dietary intake.  Although FFQs are widely used, evidence suggests FFQs are likely to 

underestimate the true association which may explain the number of studies reporting null 

findings.
157

  Heterogeneity with respect to the source and quantity of PUFAs under investigation may 

also contribute to the inconsistent findings across primary studies.
20,142

  More specifically, some 

studies examined PUFAs from various dietary sources, some restricted the analysis to PUFAs 

obtained from fish consumption, while others also included intake from supplements.
20,142

  

Moreover, some studies examined serum or plasma concentrations of PUFAs while others solely 

examined dietary intake.  There was also heterogeneity across studies examining the effect of PUFAs 

estimated by fish intake.
20,142

  More specifically, there was variation in the “types of fish (e.g. fatty 

versus non-fatty)” and in the “methods of preparation” (fried vs. other).
20,142

 

 Additional sources of methodological heterogeneity may have also contributed to the 

divergent findings across primary studies.  Diet is associated with other putative protective factors 

for AD.
142

  For example, higher PUFA consumers may also adhere to other healthy behaviours 

which may confound the association between the variables of interest.
142

  Although a majority of the 

included studies adjusted for potentially confounding variables, variability in the degree of 

confounding adjustment across the included studies may have given rise to methodological 

heterogeneity resulting in inconsistent findings. 

Overall, although smaller scale reviews have concluded that PUFAs were associated with 

AD, findings from recent methodologically sound systematic reviews collating evidence from a 

larger number of studies have failed to yield consistent findings.  Inconsistent findings across 
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primary studies emphasize the need for randomized controlled trials, larger prospective cohort 

studies, and standardized methods for exposure ascertainment.
20,142,144
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Table 3 – Polyunsaturated fatty acids (PUFAs) and risk of AD 

 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Issa et 

al.
142

 

 

(2005) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

No 

To investigate 

the association 

between 

omega-3 fatty 

acid 

consumption 

and cognitive 

function, AD, 

and dementia. 

All years up to 

2003 

1. Medline 

2. Embase 

3. PreMedline 

4. Cochrane 

Central 

Register 

of Controlled 

Trials 

5. Dissertation 

abstracts 

(OVID 

interface) 

6. CAB 

Health 

 

3 3 of 9 1.  Fish consumption:  

Two of three studies 

detected a significant 

reduced risk of AD 

associated with fish 

consumption. 

 

 

2.  Total Omega-3 

Fatty Acid, Alpha- 

linolenic acid (ALA), 

Docosahexaenoic acid 

(DHA), and 

Eicosapentaenoic acid 

(EPA):  DHA but not 

ALA or EPA were 

protective against AD 

in the only study to 

report on these 

exposures.  Total 

omega-3 fatty acid 

consumption was 

beneficial in females 

Some 

evidence of 

an 

association; 

further 

research is 

necessary to 

arrive at a 

definitive 

conclusion 
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only. 

Lim et 

al.
143

 

 

(2006) 

Amstar Score: 

10 

 

Publication 

Bias Assessed: 

Reviewers 

intended to test 

for publication 

bias, however, 

no studies were 

eligible for 

inclusion  

To investigate 

the association 

between 

omega-3 fatty 

acid and 

dementia  

All years from 

inception of the 

databases to 

October 2005. 

1. Medline 

2. Embase 

3. Cinahl 

4. PsychInfo 

5. The 

Cochrane 

Dementia and 

Cognitive 

Improvement 

Group's 

Specialised 

Register 

6. CENTRAL 

(Cochrane 

Library issue 

3, 

2005) 

7. AMED 

8.ClinicalTrial

s.gov 

9. NRR 

(National 

Research 

Register) 

0 0 of 9 Zero studies (RCTs) 

satisfied the inclusion 

criteria of the review 

under analysis 

No evidence 
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10. Copernic 

11. Google 

12. AgeLine 

Databases 

14. Alt-Health 

Watch 

15. Biological 

Abstracts 

16. BioMed 

Central 

17. Clinical 

Pharmacology 

Database 

18. DIMDI 

19. 

Dissertation 

Abstracts 

20. HerbMed 

21. HSTAT 

(Health 

Services 

Technology 

Assessment 

Text) 

22. Web of 

Science 

Weih et 

al.
62

 

 

(2007) 

Amstar Score: 

6 

 

Publication 

Bias Assessed: 

No 

 

To investigate 

the effect of 

several 

putative risk 

factors on the 

development 

of AD. 

January 1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane 

Database 

4. Current 

Contents 

 

3 3 of 9 1.  Fish consumption: 

Two of three studies 

detected a significant 

reduced risk of AD 

associated with fish 

consumption. 

 

2. Omega-3 fatty 

acids: The only study 

to report on total 

omega-3 fatty acid 

PUFAs may 

exert a 

protective 

effect. 
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detected a protective 

effect. 

Patterson 

et al.
63

 

 

(2007) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To investigate 

the effect of 

several 

putative risk 

factors on the 

development 

of AD and 

other cognitive 

outcomes. 

1966 to 

December 2005 

1. Medline 

2. Embase 

1 1 of 9 The only identified 

study reported a 

reduced risk of AD 

associated with fish 

consumption exceeding 

18.5 g/day (RR: 0.30; 

95% CI: 0.10, 0.90) 

Fish 

consumption 

appeared to 

protect 

against 

dementia; 

no 

conclusions 

drawn for 

AD 

specifically 

Dangour 

et al.
144

 

 

(2010) 

Amstar score:5 

 

Publication 

Bias Assessed:  
No 

 

To examine 

the effect of 

PUFAs and 

other dietary 

exposures on 

risk of AD 

Not specified. 

Databases 

accessed on 

July 2007. 

1. PubMed 

2. Embase 

3. Cochrane 

Library 

6 5 of 9 1. Fish consumption: 

Only one out of four 

included studies 

detected a significant 

association (≥2 

servings/week - RR: 

0.40; 95% CI: 0.20, 

0.90). 

 

2. Polyunsaturated 

fatty acids (PUFA): 

One of three studies 

reporting on 

polyunsaturated fatty 

acids detected a reduced 

risk of AD.   

 

3. PUFA subtypes: 

Association 

between 

PUFAs and 

risk of AD 

was 

inconclusive 
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Of the two studies 

reporting on the effect 

of PUFA subtypes, both 

failed to detect an 

association  between 

EPA and AD. One 

detected a protective 

effect of  DHA (RR: 

0.30; 95% CI: 0.10, 

0.90).   

 

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To examine 

the effect of 

several factors 

on the risk of 

developing 

AD and other 

cognitive 

outcomes. 

All years up to 

August 2008 

1. Pubmed 

2. Embase 

3. PsychInfo 

2 1 of 9 Both studies reporting 

on the risk of AD 

associated with PUFAs 

detected an association 

“There was 

consistent 

evidence of 

a protective 

effect 

of…fish 

consumption

” 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

PUFAs 

To examine 

the effect of 

several factors, 

including 

PUFAs, on the 

risk of 

developing 

AD. 

1984-October 

27, 2009 

1. Medline 

2. Cochrane 

Database of 

Systematic 

Reviews 

9 Referent 1.  Fish consumption: 

Three of seven studies 

detected a protective 

effect. 

 

2.  Total PUFAs and 

PUFA subtypes: Of the 

seven studies, majority 

reported null results. 

One of four studies 

reported a reduced risk 

of AD associated with 

DHA.  Plasma EPA was 

associated with a 

protective effect in one 

study.  Three studies 

failed to detect an 

association between 

PUFAs were 

not 

associated 

with AD. 
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dietary EPA and AD.   

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White, CM et 

al.
51
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3.5 Folate 

 

The association between folate, a B vitamin, and risk of AD, has been attributed to its effects 

on homocysteine concentrations.
158.178

  Research suggests that elevated plasma homocysteine, a 

neurotoxic amino acid and putative cerebrovascular risk factor, is associated with an elevated risk of 

AD.
158,178

  Involved in the “conversion of homocysteine to methionine”, higher serum folate has been 

associated with lower homocysteine levels.
158,178

  Further, the antioxidant properties of folic acid has 

been implicated as a possible explanation for its purported association with AD.
159

 

Six systematic reviews
20,58,62,64,144,169

 reporting on the effect of folate were identified.  One
58

 

review was of low methodological quality and was excluded.  Results from five moderate quality 

reviews, which included fourteen primary studies
160,161,162,163,164,165,171,172,173,174,175,176,177,178 

are 

presented below. 

 

a) Study: Raman et al.
169

 

Year: 2007 

AMSTAR score: 5 

 

The effect of folate and risk of AD was examined by Raman et al.
169

  Two electronic 

databases were searched (Medline and Commonwealth Agricultural Bureau Abstracts).  Inclusion 

was restricted to cohort and case-control studies which adequately distinguished between AD and 

all-cause dementia.  A total of eleven studies were identified and included.  Six cohort 

studies
161,163,172,173,174,175

, which observed an aggregate of 499 cases of AD (N=3779) over a period of 

follow-up ranging from three to eight years, were included.  The remaining five case-control 

studies
160,162,164,165,171

 included a total of 557 cases and 563 controls.    

Nine studies
160,161,162,163,164,171,172,173,174

 examined the association between blood folate levels 

and AD.  Four
162,164,171,172

of nine studies reported an increased risk of AD associated with low blood 

folate levels (RRs not reported in review).  Only two studies
165,175

 reported on dietary folate intake.  

One
165

 detected an association between low folate intake and AD while the other reported that there 

was no association (RRs not reported in review).  The authors concluded that the association 

between dietary intake and risk of AD was unclear.  The association between low blood folate and 

AD was also deemed inconclusive due to heterogeneity across studies with respect to defining 

exposure status.
169 
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b) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The effect of folate was examined in the review by Weih et al.
62

  Medline, Embase, Current 

Contents, and the Cochrane databases were searched for relevant literature.
62

  The search was 

supplemented by a review of www.clinicaltrialresults.org and of reference lists of pertinent papers. 

The review was restricted to longitudinal studies of disease-free populations.
62

  The Oxford Centre 

for Evidence-based Medicine criteria, which evaluates the strength of evidence for a given risk factor 

based on the methodological design of available studies, was used.
62

 The only included study
174

 

observed 60 incident cases of AD (N=370) over a follow-up of three years.  The study reported an 

increased risk of AD associated with low serum folate (Folate ≤10 nmol/l versus normal B12 and 

folate levels - RR: 2.10; 95% CI: 1.20, 3.50).  No conclusions were drawn by the reviewers regarding 

the association between folate and risk of AD. 

 

 

 

c) Study: Dangour et al.
144

 

Year: 2010 

AMSTAR score: 5 

 

The systematic review by Dangour et al. examined the association between several nutrients, 

including folate, and risk of AD.
144

  PubMed, Embase, and the Cochrane Library were searched. 

Inclusion was restricted to clinical trials and prospective cohort studies.  Included studies employed 

the DSM-III, DSM-IV, ICD-10, and NINCDS-ADRDA criteria for outcome ascertainment.  

Exposure status was ascertained according to serum or plasma nutrient levels, food diaries, and food 

frequency questionnaires.
144

  A pooled analysis was not conducted. 

A total of eight cohort studies
161,172,173,174,175,176,177,178

investigating the association between 

serum folate levels or folate intake and risk of AD were identified.  The studies observed an 

aggregate of 704 cases of AD (N=5182) over a duration of follow-up ranging from three to 9.3 years.  

Of the five studies investigating the association between serum folate levels and AD, only one study 
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detected an association (≤11.8 nmol/l
172

 - HR: 1.98; 95% CI: 1.15, 3.40.19.0 versus 16.4 nmol/l
176

 – 

No association; OR not reported in review.  ‘Low folate’
173

 – No association; RR not reported in 

review. ≤10 nmol/l
174

 – RR: 1.70; 95% CI: 0.90, 3.20.  Lowest quartile versus highest
161

 – OR: 2.17; 

95% CI: 0.85, 5.53).   

Two of three studies reported an association between high folate intake and a reduced risk of 

AD (≥ Reference dietary allowance versus < Reference dietary allowance
177

- RR:  0.41; 95% CI: 

0.22, 0.76.487.9 µg/day versus 292.9 µg/day
178

 - HR: 0.50; 95% CI: 0.30, 0.90.  Highest quintile 

versus lowest
175

- OR: 1.60; 95% CI: 0.50, 5.20).  The reviewers concluded that the association 

between folate and risk of AD was inconclusive. 

 

 

d) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al. examined several putative risk factors associated with AD.
64

  

PubMed, Embase, and PsychInfo were searched for pertinent studies.  Inclusion was restricted to 

longitudinal studies of high methodological quality.  Quality was ascertained according to an 

assessment of several criteria, namely, sampling strategy, methods for exposure/outcome 

ascertainment, degree of confounding adjustment, and completeness of follow-up. Two cohort 

studies
161,172

, which observed an aggregate of 119 cases (N=1042) over a duration of follow-up 

ranging from 3.8 to five years, were included. Only one
172

 of the two studies reported an increased 

risk of AD associated with low serum folate concentrations(HR/RRs reported in section c).  Based 

on these findings, the reviewers concluded that the evidence was “inconsistent”.
64
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e) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, examined the effect of folate on the risk of AD.
20

  Outcome ascertainment was 

achieved according to DSM or NINCDS-ADRDA criteria.  The exposure was ascertained according 

to serum folate concentrations or food frequency questionnaires.
20

 

Four cohort studies, which observed an aggregate of 483 cases of AD (N=3192) over a 

duration of follow-up ranging from three to 6.1 years, were included.  As reported by the reviewers, 

both
172,174

 studies reporting on serum folate detected an increased risk of AD associated with low 

concentration (HR for one study
172

 reported in section c.  ≤10 nmol/l versus ≥10 nmol/l
174

 - HR: 1.80; 

95% CI: 1.00, 3.40).  One
178

 of two
175,178

 studies examining total folate intake reported a statistically 

significant reduced risk of AD associated with high intake (HR/RR for both studies reported in 

section c).   

According to the reviewers, low folate serum concentrations appeared to be associated with 

an increased risk of AD, although the strength of evidence was deemed low.  The association 

between total (dietary and supplements) folate intake and AD was inconclusive.
20

  The reviewers 

concluded that the small number of studies necessitates further research.
20

 

 

 

 

Discussion 

 

Across reviews, the number of primary studies identified varied from one to nine.  The 

review
169

 that identified the highest number of primary studies employed a more inclusive approach 

with respect to eligible study designs.  Compared to the other four reviews, which restricted 

inclusion to cohort studies, Raman et al.
169

 also included five
160,162,164,165,171

 case-control studies.  

Secondly, reviews which examined multiple putative factors
62,64

 tended to identify fewer primary 

studies as compared to those that specifically sought evidence pertaining to B vitamins
144,169

.  As the 

objectives differed across reviews, so did the search strategies.  Reviews which aimed to collate 
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evidence on several risk factors
62,64

 failed to incorporate risk factor-specific search terms (e.g. 

“folate”).  Rather, these studies relied on generic terms such as “risk factor”, “risks”, “health 

behaviours”, or “lifestyles”.  In contrast, reviews which specifically sought studies on folate tended 

to incorporate risk factor-specific search terms (e.g. B9, folic, folate, folinic, leucovorin, 

methyltetrahydrofolate, pteroylglutamic).
144,169

  As previously discussed, reliance on generic versus 

specific exposure search terms may yield “different studies”.
134

  As such, this methodological 

difference may explain variability across reviews with respect to primary study yield. 

Comparing reviews reporting on the association between folate and AD highlights important 

limitations with respect to quality assessment instruments.  Like other quality assessment tools, 

AMSTAR assesses quality of reporting rather than true methodological quality.
51

  For example, 

reviews which adequately report details regarding the search strategy (e.g. report databases and years 

searched, provide search terms and strategy, and indicate that search was “supplemented” with 

search of bibliographies, reviews, or other means etc.) would earn a score for the appropriate 

AMSTAR item.  AMSTAR does not require an assessment of the quality of the search strategy.  

Quality appraisers are not required to assess the adequacy of the keyword and medical subject 

headings, the electronic databases searched, or the range of years searched.  As such, reviews with 

low and high primary study yields (due to poor versus comprehensive search strategies) may score 

equivalently if they adequately report details of the search.  Comparing the reviews with the 

highest
169

 and lowest
62

 primary study yield suggests that thoroughness of reporting drives the 

AMSTAR score irrespective of quality.  Weih et al.
62

 identified a single study reporting on folate 

while Raman et al.
169

 identified eleven studies, five of which employed a case-control design.  Weih 

et al.
62

 restricted inclusion to cohort and experimental studies.  As such, we would expect six of the 

prospective cohort studies captured by Raman et al.
169

 to also be included by Weih et al.
62

 as both 

reviews considered the same range of years (1966-2006) and applied relatively similar and broad 

eligibility criteria (e.g. studies reporting specifically on AD, those that provided a measure of 

association, etc.).  However, only one of the six cohort studies was identified by Weih et al.
62

  The 

authors themselves have suggested that the search may not have been comprehensive and that 

“extending of the search term probably would bring up more studies that are relevant”.
62

  However, 

since the reviewers adequately reported the search string and other search-related details, the review 

was awarded a point for the relevant AMSTAR item.  Although the search conducted by Raman et 

al.
169

 appeared to be more comprehensive, as suggested by the higher yield, the reviewers failed to 

provide the full search string.  Consequently, Weih et al.
62

 scored one point higher than Raman et 
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al.
169

 on the AMSTAR tool.  However, the higher score is not necessarily indicative of higher study 

quality.  Rather, the higher score is attributed to greater thoroughness of reporting. 

There was evidence of differential data extraction across reviews.  For example, different 

risk estimates were extracted from the primary study reported by Wang et al.
174

.  Dangour et al.
144

 

relied on the adjusted risk estimate corresponding to folate levels ≤10 nmol/l versus ≥10 nmol/l (RR: 

1.70; 95% CI: 0.90, 3.20).  In contrast, Weih et al.
62

extracted data for the comparison of low folate 

levels (≤ 10 nmol/l) versus normal levels of both B12 and folate (RR: 2.10; 95% CI: 1.20, 3.50).  

Further, Williams et al.
20

 relied on the crude risk estimate for folate levels ≤10 nmol/l versus ≥10 

nmol/l(RR: 1.80; 95% CI: 1.00, 3.40).  Depending on the risk estimate extracted, reviewers reached 

discordant conclusions with respect to the primary study in question.For example, Raman et al.
169

 

and Dangour et al.
144

 concluded that results of the study were suggestive of a lack of an association 

between folate levels and AD.  In contrast, Weih et al.
62

and Williams et al.
20

 concluded that the study 

contributed evidence of an association. 

When all five reviews are considered, there was significant primary study overlap with six 

studies appearing in more than one review.  Using the review by Dangour et al.
144

 as the referent, all 

of the studies identified by Williams et al.
20

, Weih et al.
62

, and Lee et al.
64

 were included in the 

referent review.  Five of the studies identified by Raman et al.
169

 were also included by Dangour et 

al.
144

  As expected with such primary study overlap, the conclusions of the reviews were relatively 

consistent.  The identified systematic reviews concluded that the association between serum folate 

concentrations or folate intake with AD was unclear or inconclusive.  One review
20

 noted that there 

was some evidence of an association between low serum folate and AD. However, the reviewers 

cautioned that the strength of evidence was weak.  As recommended, future primary studies need to 

employ consistent folate exposure categoriesor thresholds to allow for meaningful synthesis.
169
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Table 4 – Folate and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  

Publication 

Bias Assessed 

(Yes/No), 

Test for 

Publication 

Bias, Result 

of test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Raman 

et al.
169

 

 

(2007) 

Amstar 

Score: 5 

 

Publication 

Bias 

Assessed: No 

To examine the 

effect of 

vitamin B-6, 

vitamin B-12, 

and folate on 

AD and other 

cognitive 

outcomes. 

1966 to 

November 

2006 

1.  Medline 

2.Commonwealth  

    Agricultural  

    Bureau  

    Abstracts 

11 5 of 8 1. Serum/plasma 

concentrations: Three 

of nine studies detected 

an association between 

blood folate levels and 

risk of AD. 

 

2. Dietary intake:  One 

of two studies detected 

an association between 

low folate intake and 

incident AD. 

Folate intake – 

Association 

unclear. 

 

Blood folate – 

Association 

inconclusive 

due to 

heterogeneity. 

Weih et 

al.
62

 

 

(2007) 

Amstar 

Score: 6 

 

Publication 

Bias 

Assessed: No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the 

development of 

AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane   

    Database 

4. Current  

    Contents 

 

1 1 of 8 The only identified study 

detected an increased 

risk of AD associated 

with low folate (RR: 

2.10; 95% CI: 1.20, 

3.50). 

No conclusion 

drawn by 

authors. 
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Dangour 

et al.
144

 

 

(2010) 

Amstar score: 
5 

 

Publication 

Bias 

Assessed:  No 

 

To examine the 

effect of B-

vitamins and 

other dietary 

exposures on 

risk of AD 

Not 

specified. 

Databases 

accessed 

on July 

2007. 

1. PubMed 

2. Embase 

3. Cochrane 

Library 

8 Referent  1. Serum/plasma 

concentrations:  One of 

five studies detected an 

increased risk of AD 

associated with low 

serum folate. 

 

2. Dietary intake:  Two 

of three studies detected 

an association between 

folate intake and risk of 

AD. 

Association 

between folate 

and risk of AD 

was unclear. 

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias 

Assessed: Not 

applicable for 

analysis of 

folate 

To examine the 

effect of 

several factors, 

including 

folate, on the 

risk of 

developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

2. Cochrane  

    Database     

    of  

    Systematic  

    Reviews 

4 4 of 8 1. Serum/plasma 

concentrations:  One of 

two studies detected an 

increased risk of AD 

associated with low 

serum folate.  Second 

study detected a 

marginally significant 

increased risk. 

 

2. Total intake:  One of 

two studies detected a 

reduced risk of AD 

associated with high 

total folate intake. 

Low serum 

folate may be 

associated with 

an increased 

risk of AD.  

Small number 

of studies 

necessitates 

further 

research. 

Lee et 

al.
64

 

 

(2010) 

Amstar 

Score: 4 

 

Publication 

Bias 

Assessed: No 

 

To examine the 

effect of 

several factors 

on the risk of 

developing AD 

and other 

cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. PsychInfo 

2 2 of 8 One of two studies 

detected an increased 

risk of AD associated 

with low serum folate 

(HR: 1.98; 1.15, 3.40) 

Available 

evidence was 

inconsistent. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.6 Other micronutrients 

 

Dietary deficiencies, “beginning in middle age or late adult life”, may impact the etiological 

process of AD or dementia.
144

  A number of micronutrients are purported protective factors against 

AD.  As with folate, other B vitamins are believed to reduce the risk of AD as a result of their effect 

on homocysteine concentrations.
158,178

  Research suggests that B vitamins (i.e. folate, vitamin B6, 

vitamin B12) may lower plasma homocysteine, a neurotoxic amino acid, associated with AD.
158,178

  

Subsequent decreases in cerebral damage, particularly in regions associated with AD, have also been 

detected.
166

  One important exception is niacin (vitamin B3), which at higher doses has shown to 

increase homocysteine levels in animals and humans.
167

  However, niacin deficiencies have been 

linked to pellagra, a condition which is believed to cause dementia.
159

  The association between 

vitamins C and E, flavonoids, and beta-carotene with risk of AD has been attributed to their 

antioxidant activity.
168

  There is evidence to suggest that these micronutrients reduce oxidative stress 

attributed to “beta-amyloid accumulation”, a feature of AD pathophysiology.
168

 

Nine systematic reviews
20,58,59,62,63,64,144,169,170

 examined the association between 

micronutrients (i.e. vitamin B6, vitamin B12, vitamin B3,  vitamins C and E, multivitamins, 

flavonoid, beta-carotene) and risk of AD.  Three reviews
58,59,170

 were excluded due to low 

methodological quality.   

 

3.6.1 Vitamin B12 

 

 

a) Study: Raman et al.
169

 

Year: 2007 

AMSTAR score:5 

 

The effect of B-vitamins on the risk of AD was examined by Raman et al.
169

  Inclusion was 

restricted to cohort and case-control studies which adequately distinguished between AD and all-

cause dementia. The review included five cohort studies which observed an aggregate of 450 cases 

of AD (N=3553) over a follow-up period ranging from three to eight years.  Four case-control 

studies, which included a total of 493 cases and 499 controls, were also included. 
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The reviewers identified four case-control
160,162,164,171 

and four cohort
163,172,173,174 

studies 

which examined the association between blood concentrations of vitamin B12 and risk of AD.  

Seven studies failed to detect an association (OR/RRs not reported in review).  The remaining case-

control study
171

 detected an increased risk of AD associated with low vitamin B 12 concentration 

(<200 versus >280 pmol/l: OR not reported).  One cohort study
175

 reported on the association 

between dietary intake of B-12 and AD.  The study did not detect an association (RR not reported in 

review).  Based on these findings, the reviewers concluded that the evidence was not suggestive of 

an association between vitamin B-12 and AD.
169

 

 

 

b) Study: Dangour et al.
144

 

Year: 2010 

AMSTAR score: 5 

 

The systematic review by Dangour et al.
144

 examined the association between several 

nutrients, including vitamin B-12, and risk of AD.  Included studies employed the DSM-III, DSM-

IV, ICD-10, and NINCDS-ADRDA criteria for outcome ascertainment.  Exposure status was 

ascertained according to serum or plasma nutrient levels, food diaries, and food frequency 

questionnaires.
144

   Heterogeneity across the included studies precluded a meta-analysis. The review 

included seven cohort studies, which observed an aggregate of 655 cases of AD (N=4956) over a 

period of follow-up ranging from three to 9.3 years. 

Four cohort studies
172,173,174,176 

examined the association between vitamin B 12 serum/plasma 

concentrations and AD.  All four studies failed to detect an association (275 versus 305 pmol/l
176

– 

No association; OR not reported. ≤ 150 pmol/l
174

 – RR: 1.60; 95% CI: 0.90, 2.80. ‘Low vitamin 

B12’
172

 – HR: 0.66; 95%CI: 0.40, 1.09.  ‘Vitamin B12 levels’
173

 – No association;  RR not reported). 

Three cohort studies
175,177,178

 examined the association between dietary intake (food and 

supplements) of vitamin B-12 and AD risk.  Higher dietary intake of vitamin B-12 was not 

associated with risk of AD according to all three studies (≥ reference dietary allowance versus < 

reference dietary allowance
177

 – RR: 0.60; 95% CI: 0.26, 1.36.>13.5 versus <3.5 µg/day
178

 – HR: 

1.10; 95% CI: 0.70, 1.70.  Highest versus lowest quintile
175

 – OR: 0.60; 95% CI: 0.20, 1.60).  

Considered cumulatively, the reviewers concluded that the association between B-vitamins and AD 

was inconclusive.
144
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c) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, examined the effect of medical, social/behavioural, environmental, dietary, 

and pharmacological factors on the risk of AD.
20

  One of the many dietary factors examined in the 

review was the effect of vitamin B-12.  Outcome ascertainment was achieved according to DSM or 

NINCDS-ADRDA criteria.  The exposure was ascertained according to serum nutrient levels and 

responses to food frequency questionnaires.
20

 

Four cohort studies
172,174,175,178

 examining the effect of vitamin B-12 on AD incidence  were 

eligible for inclusion.  The studies included a total of 3192 subjects and identified an aggregate of 

483 cases of AD over a period of follow-up ranging from three to 6.1 years.  All four studies failed 

to detect a statistically significant association between AD and low dietary intake or low serum 

concentrations of vitamin B12 (HR/OR/RRs presented in section b).  Based on the available 

evidence, the reviewers concluded that vitamin B12 did not appear to be associated with AD.
20

 

 

 

d) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al. examined the association between a number of lifestyle-related risk 

factors and AD.
64

  One
172

 of the included studies examined the association between vitamin B-12 

intake and risk of AD.  The study included 816 subjects, 70 of which developed AD over an average 

of 3.8 years of follow-up. The exposure was ascertained according to serum nutrient levels.  The 

method employed for outcome ascertainment was not specified in the review.  There was no 

significant association between serum concentrations of vitamin B-12 and risk of AD according to 

the study (HR presented in section b).The reviewers concluded that “nutrients, such as…vitamin 

B12, were not shown to be protective.”
64
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Table 5 – Vitamin B-12 and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included in 

Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Raman et 

al.
169

 

 

(2007) 

Amstar Score: 

5 

 

Publication 

Bias Assessed: 

No 

To examine 

the effect of 

vitamin B-6, 

vitamin B-12, 

and folate on 

AD and other 

cognitive 

outcomes. 

1966 to 

November 

2006 

1.  Medline 

2.Commo-

nwealth 

Agricultural 

Bureau 

Abstracts 

9 4 of 7 1. Serum/plasma 

concentrations:  Seven 

studies examining the 

effect of vitamin B-12 

blood concentrations 

failed to detect an 

association with AD.  

One detected an increased 

risk of AD associated 

with low vitamin B 12 

concentration. 

 

2. Dietary intake:  The 

only study to report on 

dietary intake also failed 

to detect an association. 

Vitamin B-12 was 

not associated 

with AD 

Dangour 

et al.
144

 

 

(2010) 

Amstar score: 
5 

 

Publication 

Bias Assessed:  
No 

 

To examine 

the effect of 

B-vitamins 

and other 

dietary 

exposures on 

risk of AD 

Not 

specified. 

Databases 

accessed on 

July 2007. 

1. PubMed 

2. Embase 

3. Cochrane 

Library 

7 Referent  1. Serum/plasma 

concentrations:  All four 

studies failed to detect an 

association. 

 

2. Dietary intake:  All 

three studies failed to 

detect an association.  

Available 

evidence was 

inconclusive 

regarding 

association 

between AD and 

B-vitamins. 
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Williams 

et al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

vitamin B12 

To examine 

the effect of 

several 

factors, 

including 

vitamin B-12, 

on the risk of 

developing 

AD. 

1984-

October 27, 

2009 

1. Medline 

2. Cochrane 

Database of 

Systematic 

Reviews 

4 4 of 7 All four primary studies 

failed to detect an 

association. 

Vitamin B-12 was 

not associated 

with risk of AD. 

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To examine 

the effect of 

several 

factors on the 

risk of 

developing 

AD and other 

cognitive 

outcomes. 

All years up 

to August 

2008 

1. Pubmed 

2. Embase 

3. PsychInfo 

1 1 of 7 The only identified study 

failed to detect an 

association. 

Vitamin B-12 did 

not appear to 

reduce risk of 

AD. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White, CM et 

al.
51
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3.6.2 Vitamin B-6 

 

 

a) Study: Raman et al.
169

 

Year: 2007 

AMSTAR score: 5 

 

The effect of B-vitamins and risk of AD was examined by Raman et al.
169

  Inclusion was 

restricted to cohort and case-control studies which adequately distinguished between AD and all-

cause dementia.  The review included two cohort studies
173,175

 which observed an aggregate of 244 

cases of AD (N=2133) over a period of follow-up ranging from 3.9 to eight years.  Two case-control 

studies
165,179

, which examined a total of 107 cases and 101 controls, were also eligible for inclusion. 

Two studies
173,179

 reported on the effect of blood concentrations of vitamin B-6. Both failed 

to detect an association (OR/RRs not reported in review).  With respect to dietary intake, one case-

control study
165

 detected an association between low intake of vitamin B6 and AD (OR not reported 

in review).  One cohort study
175

 failed to detect an association between low intake and development 

of AD.  The reviewers concluded that the available evidence was not suggestive of an association 

between vitamin B-6 and AD.
169

 

 

 

b) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA) prepared for the US Agency for Healthcare 

Research and Quality examined the effect of vitamin B-6 on incident AD.
20

  Outcome ascertainment 

was achieved according to DSM or NINCDS-ADRDA criteria.  The exposure was ascertained 

according to food frequency questionnaires.
20

  Two cohort studies, which observed an aggregate of 

353 cases of AD (N=2006) over a duration of follow-up ranging from 3.9 to 6.1 years, were 

included. 
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Vitamin B6 was not associated with AD according to both
175,178

 studies (Total B6
175

 – OR: 

0.70; 95% CI: 0.20, 2.40.  B6 from food
175

 – OR: 0.70; 95% CI: 0.30, 1.40.  Total B6 intake
178

 – No 

association; HR not reported).  Based on the available evidence, the reviewers concluded that 

vitamin B-6 was not associated with risk of AD.
20

 

 

 

c) Study: Dangour et al.
144

 

Year: 2010 

AMSTAR score: 5 

 

The systematic review by Dangour et al. examined the association between several nutrients, 

including vitamin B-6, and risk of AD.
144

  Included studies employed the DSM-III, DSM-IV, ICD-

10, and NINCDS-ADRDA criteria for outcome ascertainment.  Exposure status was ascertained 

according to serum or plasma nutrient levels, food diaries, and food frequency questionnaires.
144

  

Heterogeneity across the included studies precluded a meta-analysis.
144

  Four relevant studies, which 

observed an aggregate of 493 cases (N=3677) over a period of follow-up ranging from 3.9 to 9.3 

years, were included. 

Of the four included cohort studies reporting on the association between vitamin B-6 and 

AD, two studies
175,178

 failed to detect an association between dietary intake of vitamin B-6 and risk 

of AD and one study
173

 failed to detect an association between plasma vitamin B-6 levels and risk of 

AD (OR for one study
175

 reported in section b.  >4.5 versus <2.3 mg/day
178

 – HR: 1.30; 95% CI: 

0.70, 2.30).  The remaining study
177

 reported a reduced risk of AD associated with high vitamin B-6 

consumption (>reference daily allowance versus < reference daily allowance – RR: 0.41; 95% CI: 

0.20, 0.84).  The reviewers concluded that the association between B-vitamins and AD was 

inconclusive.
144
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Table 6 – Vitamin B-6 and risk of AD 

 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included in 

Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Raman et 

al.
169

 

 

(2007) 

Amstar Score: 

5 

 

Publication 

Bias Assessed: 

No 

To examine 

the effect of 

vitamin B-6, 

vitamin B-12, 

and folate on 

AD and other 

cognitive 

outcomes. 

1966 to 

November 

2006 

1.  Medline 

2.Commonwealth  

    Agricultural  

    Bureau  

    Abstracts 

4 2 of 4 1. Serum/plasma 

concentrations:  Both 

studies failed to detect 

an association. 

 

2. Dietary intake:  One 

study detected an 

association between low 

vitamin B-6 and risk of 

AD while the other 

reported null findings. 

Vitamin B6 

was not 

associated with 

AD. 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

vitamin B6 

To examine 

the effect of 

several 

factors, 

including 

vitamin B-6, 

on the risk of 

developing 

AD. 

1984-

October 27, 

2009 

1. Medline 

2. Cochrane  

    Database of  

    Systematic  

    Reviews 

2 2 of 4 Both cohort studies 

failed to detect an 

association. 

Vitamin B-6 

was not 

associated with 

risk of AD. 

Dangour 

et al.
144

 

 

Amstar score: 5 

 

Publication 

To examine 

the effect of 

B-vitamins 

Not 

specified. 

Databases 

1. PubMed 

2. Embase 

3. Cochrane 

4 Referent  1. Serum/plasma 

concentrations:  Both 

studies failed to detect 

Association 

was 

inconclusive. 
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(2010) Bias Assessed: 
No 

 

and other 

dietary 

exposures on 

risk of AD 

accessed on 

July 2007. 

Library an association. 

 

2. Dietary intake:  One 

study reported a 

protective effect 

associated with high 

vitamin B-6 

consumption (RR: 0.41; 

95% CI: 0.20, 0.84).  

The other failed to 

detect an association. 
a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White, CM et 

al.
51
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3.6.3 Vitamin B3/Niacin 

 

 

a) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA) prepared for the US Agency for Healthcare 

Research and Quality examined the effect of vitamin B-3, also known as niacin.
20

  Outcome 

ascertainment was achieved according to DSM or NINCDS-ADRDA criteria.
20

  The exposure was 

ascertained according to food frequency questionnaires.
20

 

A single cohort study
180

, which observed 131 cases of AD (N=815) over an average of 3.9 

years of follow-up, was included.  The highest quintile of total niacin/vitamin B3 intake was 

associated with a reduced risk of AD (OR: 0.20; 95% CI: 0.01, 0.70).  In the same study, tryptophan 

“(niacin dietary precursor)” (OR: 0.40; 95% CI: 0.10, 0.80), niacin obtained from food (OR: 0.30; 

95% CI: 0.10, 0.70), and “niacin equivalents” (OR: 0.20; 95% CI: 0.10, 0.80) were all associated 

with a statistically significant reduced risk of AD. 

 

 

b) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al. examined the association between a number of lifestyle-related risk 

factors and AD.
64

  The reviewers captured the same study
180

 included by Williams et al.
20

  Based on 

the results of this single study, the reviewers concluded that niacin appeared to “show a protective 

effect”.
64
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Table 7 – Vitamin B-3/Niacin and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  

Publication 

Bias 

Assessed 

(Yes/No), 

Test for 

Publication 

Bias, Result 

of test:  

Objective 

 

 

Years 

included 

in 

Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias 

Assessed: 

Not 

applicable for 

analysis of 

vitamin B3 

To examine the 

effect of several 

factors, including 

vitamin B-6, on the 

risk of developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

2. Cochrane  

    Database     

    of  

    Systematic  

    Reviews 

1 Referent Only identified cohort 

study reported a reduced 

risk of AD associated 

with high niacin intake 

(OR: 0.20; 95% CI: 0.01, 

0.70).  Same study 

reported:    niacin 

obtained from food (OR: 

0.30; 95% CI: 0.10, 0.70); 

“niacin equivalents” (OR: 

0.20; 95% CI: 0.10, 0.80) 

Inadequate 

evidence. 

Further 

research 

required. 

Lee et 

al.
64

 

 

(2010) 

Amstar 

Score: 4 

 

Publication 

Bias 

Assessed: No 

 

To examine the 

effect of several 

factors on the risk 

of developing AD 

and other cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. PsychInfo 

1 1 of 1 Higher intake of niacin 

associated with protective 

effect (RR: 0.30; 95% CI: 

0.10, 0.70) according to 

the only identified study 

Niacin appeared 

to “show a 

protective 

effect”. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51



99 

 

 

 

 

 

3.6.4 Vitamins C and E 

 

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The effect of vitamins C and E on the incidence of AD was examined in the review by Weih 

et al.
62

  Dietary consumption was assessed by food frequency questionnaires across all included 

studies.
62

  Outcome ascertainment was consistently done according to the NINCDS-ADRDA criteria.  

A pooled analysis of the identified evidence was not conducted. 

Three cohort studies
181,182,183

examined the effect of vitamin C, vitamin E or the combined 

effect of these vitamins on the risk of AD.  The studies observed 324 cases of AD (N = 9595) during 

periods of follow-up ranging from three to six years.  One of two studies reported an association 

between vitamin C alone and risk of AD (Highest quintile
182

 - RR: 1.03; 95% CI: 0.41, 2.56.  Per 1 

SD increase
181

 - RR: 0.82; 95% CI: 0.68, 0.99).   

Two cohort studies reported a statistically or marginally significant reduced risk of AD 

associated with dietary vitamin E (Highest quintile
182

 - RR: 0.30; 95% CI: 0.10, 0.92.  Per SD 

increase
181

- RR: 0.82; 95% CI: 0.66, 1.00).  Finally, one study
183

 examined the combined effect of 

vitamin C and E intake.  The study reported no association with risk of AD (RR: 1.81; 95% CI: 0.91, 

3.63).  The reviewers concluded that the effect of vitamins C and E on AD was unclear.  

 

 

b) Study: Patterson et al.
63

 

Year: 2007 

AMSTAR score: 4 

 

The systematic review conducted by Patterson et al. examined the effect of several putative 

risk factors on the development of AD and other cognitive outcomes including unspecified dementia 

and vascular dementia.
63

  One
184

 identified study examined the effect of low serum vitamin E on AD 

risk.  The nested case-control study included 46 dementia cases (39 with AD) and 136 controls.  The 
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lowest tertile of serum vitamin E was not significantly associated with an increased risk of AD (RR: 

2.10; 95 % CI: 0.81, 5.54).
63

  No conclusions were drawn by reviewers regarding the effect of 

vitamin E. 

 

 

c) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al. examined the effect of vitamins C and E on the risk of AD.
64

  

Methods for exposure and outcome ascertainment employed in the primary studies were not 

specified in the review.  Heterogeneity across the included studies precluded a meta-analysis. 

The review identified four prospective cohort studies examining the risk of AD associated with 

vitamin C and E intake.  The studies observed 553 cases of AD (N = 10423) during follow-up 

periods ranging from 4 to 33 years.   

Three studies
185,186,187

 failed to detect an association between dietary intake of vitamin C and 

vitamin E and risk of AD (HR/RRs not reported).  The remaining study
181

 reported a marginally 

significant reduced risk of AD associated with each standard deviation increase in vitamin C and E 

consumption (Vitamin C - RR: 0.82; 95% CI: 0.68, 0.99.  Vitamin E - RR: 0.82; 95% CI: 0.66, 1.00).  

Based on these limited findings, the reviewers concluded that vitamin E may reduce risk of AD.
64

  

Reviewers concluded that the evidence was not suggestive of an association between vitamin C and 

AD. 

 

 

d) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, examined the effect of medical, social/behavioural, environmental, dietary, 

and pharmacological factors on the risk of AD.
20

  Eleven studies examining the effect of vitamins C 
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and E were identified and included in the report. The studies observed an aggregate of 1514 cases of 

AD (N = 22414) during periods of follow-up ranging from 2.7 to 33 years.  Outcome ascertainment 

was achieved according to DSM or NINCDS-ADRDA criteria across all studies.   

Seven studies
182,183,188,189,190,191,192 

examined supplemental vitamin C and E intake, four 

studies
181,182,186,193

 examined dietary intake, and one study
187

 examined both supplemental and dietary 

intake of vitamin C and E.  Exposure status was ascertained through surveys
183

, semi-quantitative 

food frequency questionnaires
187

, and interviews
189

 in three of the seven studies that examined 

supplemental intake.  Three
190,191,192

 studies confirmed self-reported supplement intake using 

information obtained from medication bottles while one study
188

 solely relied on information 

obtained from medication bottles for exposure ascertainment.  Among the five studies that reported 

on vitamins C and E obtained from dietary sources, exposure status was ascertained according to 

food frequency questionnaires
181,182,187,193

 and 24-hour dietary recall
186

. 

Six of the included studies failed to detect a statistically significant association between 

dietary or supplemental intake of vitamins C and/or E and risk of AD (Vitamin C: Masaki et al.
183

 – 

OR: 1.61; 95% CI: 0.67, 3.87.  Luchsinger et al.
187

 –RR not reported.  Fillenbaum et al.
188

 –RR not 

reported.  Gray et al.
189

– HR: 0.95; 95% CI: 0.72, 1.25.  Maxwell et al.
190

 –RR not reported.  Vitamin 

E: Masaki et al.
183

– OR: 0.84; 95% CI: 0.19, 3.77.  Luchsinger et al.
187

–RR not reported.  

Fillenbaum et al.
188

 –RR not reported.  Gray et al.
189

– HR: 1.04; 95% CI: 0.78, 1.39.  Maxwell et 

al.
190

 –RR not reported.  Morris et al.
191

 – p = 0.23.  Vitamin C and E combined:  OR for one study
183

 

reported in section a.  Fillenbaum et al.
188

–RR not reported.  Gray et al.
189

- HR not reported.  

Maxwell et al.
190

– OR: 1.00; 95% CI: 0.53, 1.87). 

Four studies
181,182,191,193

 reported a marginally or statistically significant reduced risk of AD 

associated with higher intake of vitamin C or vitamin E(Vitamin C:  RR for one study
181

 presented in 

section a. Morris et al.
191

 – p = 0.04.  Vitamin E:  RR for two studies
181,182

 presented in section a. 

Morris et al.
193

- RR: 0.74; 95% CI: 0.62, 0.88).  One study reported an increased risk of AD 

associated with the second and fourth quartile of vitamin E intake (Second quartile – RR: 1.92; 95% 

CI: 1.16, 3.18.  Fourth quartile
186

 – HR: 1.78; 95% CI: 1.06, 2.98).  Finally, one study
192

 examined 

the effect of combined supplementation of vitamin C and E.  The study reported a marginally 

significant association with AD(HR: 0.36; 95% CI: 0.09, 0.99).   

The reviewers concluded that there was insufficient evidence to suggest that vitamins C and 

E were associated with risk of AD.
20
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Table 8 – Vitamins C and E and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  

Publication 

Bias Assessed 

(Yes/No), Test 

for 

Publication 

Bias, Result 

of test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar 

Score: 6 

 

Publication 

Bias 

Assessed: No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the development 

of AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. 

Cochrane   

    

Database 

4. Current  

    Contents 

 

3 3 of 11 1. Vitamin C: One of two 

studies detected a marginally 

significant reduced risk of AD 

associated with increasing 

vitamin C consumption (RR: 

0.82; 95% CI: 0.68, 0.99).   

 

2. Vitamin E: Both cohort 

studies reporting on vitamin E 

detected a reduced risk of AD 

associated with increasing 

vitamin E intake.  Vitamin E 

not beneficial for delaying 

progression from MCI to AD 

according to one RCT. 

 

3. Combined vitamin C and 

E: The only study to report on 

the effect of combined intake 

failed to detect an association 

(RR: 1.81; 95% CI: 0.91, 

3.63) 

Association 

with AD 

unclear.   
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Patterson 

et al.
63

 

 

(2007) 

Amstar 

Score: 4 

 

Publication 

Bias 

Assessed: No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the development 

of AD and other 

cognitive 

outcomes. 

1966 to 

December 

2005 

1. Medline 

2. Embase 

1 0 of 11 The only identified study 

failed to detect an association 

between vitamin E and risk of 

AD (RR: 2.10; 95 % CI: 0.81, 

5.54). 

No conclusions 

drawn by 

authors. 

Lee et 

al.
64

 

 

(2010) 

Amstar 

Score: 4 

 

Publication 

Bias 

Assessed: No 

 

To examine the 

effect of several 

factors on the 

risk of 

developing AD 

and other 

cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

4 3 of 11 Three of four identified 

studies failed to detect an 

association between vitamin C 

or E and risk of AD.  One 

study reported a marginally 

significant reduced risk of AD 

associated with increasing 

vitamin C(RR: 0.82; 95% CI: 

0.68, 0.99) and E (RR: 0.82; 

95% CI: 0.66, 1.00) 

Vitamin E may 

reduce risk of 

AD.  No 

association 

between 

vitamin C and 

AD. 

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias 

Assessed: Not 

applicable for 

analysis of 

vitamins C/E 

To examine the 

effect of several 

factors, 

including 

vitamin C/E, on 

the risk of 

developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. 

Cochrane  

Database     

of   

Systematic  

Reviews 

11 Referent Six studies failed to detect an 

association between vitamin C 

and/or vitamin E and risk of 

AD.  Four studies reported a 

reduced risk of AD associated 

with high intake of vitamins C 

or E. One study reported an 

increased risk of AD with 

increasing intake of vitamin E.  

One study detected an 

protective effect of combined 

supplementation of  vitamins 

C and E. 

Inadequate 

evidence to 

suggest an 

association 

between 

vitamins C and 

E and risk of 

incident AD. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.6.5 Multivitamins 

 

 

a) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, reviewed the effect of supplemental multivitamin use on the risk of incident 

AD.
20

  Two
189,192

 cohort studies were identified.  Exposure status was ascertained according to self-

reported use in both studies. One study confirmed self-reported supplement intake using information 

obtained from medication bottles.
192

  Alzheimer’s disease was diagnosed according to the NINCDS-

ADRDA and DSM criteria.  Two cohort studies, which observed an aggregate of 393cases (N=6196) 

over follow-up periods ranging from three to 5.5 years, were included. 

According to the results of both cohort studies, multivitamin use was not significantly 

associated with a reduced risk of AD (Gray et al.
189

 - HR: 0.94; 95% CI: 0.72, 1.22. Zandi et al.
192

 – 

HR not reported).   

 

 



105 

 

 

 

 

 

 

Table 9 – Multivitamin use and risk of AD 

Study 

 

(Year) 

1. AMSTAR score 

 

2.  Publication Bias 

Assessed (Yes/No), Test 

for Publication Bias, 

Result of test:  

Objective 

 

 

Years 

included in 

Search 

Strategy 

Databases 

Searched 

Results 

 

 

Conclusion 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 7 

 

Publication Bias 

Assessed: Not applicable 

for analysis of 

multivitamins 

To examine the effect of 

several factors, including 

multivitamins, on the risk of 

developing AD. 

1984-October 

27, 2009 

1. Medline 

2. Cochrane  

    Database     

    of  

    Systematic  

    Reviews 

Both identified studies 

failed to detect an 

association. 

No conclusions 

drawn by 

authors. 
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3.6.6 Flavanoids 

 

 

a) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, identified three cohort studies
181,186,194

 that reported on the association between 

flavonoid intake and risk of AD.  The studies observed an aggregate of 294 cases of AD (N=9221) 

during periods of follow-up ranging from two to 33 years.  Exposure status was ascertained 

according to semi-quantitative food frequency questionnaires
181

, 24-hour dietary recall
186

, and 

combined methods
194

 including self- and dietician-administered questionnaires.
20

  The outcome was 

consistently diagnosed according to NINCDS-ADRDA and DSM criteria across all three studies.
20

 

Dietary flavonoid intake was analyzed categorically in two studies
186,194

.  Only one of the 

two studies reported a statistically significant association between flavonoid intake and risk of AD.  

However, the study
194

 reported a reduced risk associated with moderate but not high intake 

(Moderate - HR: 0.45; 95% CI: 0.22, 0.92.  High –HR not reported). When the high and moderate 

tertile categories were collapsed and compared to the lowest tertile of intake, higher consumption of 

dietary flavonoids was associated with a statistically significant reduced risk of AD (HR: 0.49; 95% 

CI: 0.26, 0.92).
20

  The third study
181

 reported no association between increasing flavonoid intake and 

AD (Per SD increase - HR: 0.99; 95% CI: 0.83, 1.18).
20

  The reviewers concluded that the evidence 

was suggestive of a lack of association between flavonoid intake and risk of AD. 

 

 

b) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The systematic review by Lee et al.
64

 examined the association between AD and a number of 

dietary factors including flavonoids.  Two
181,186

 of the three studies identified in the HTA
20

 were also 
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identified by Lee et al.  The studies observed 248 cases of AD (N=7854) over periods of follow-up 

ranging from six to 33 years.  Both cohort studies failed to detect a statistically significant 

association between dietary flavonoid consumption and risk of AD.  Findings of this review suggest 

that dietary flavonoids do not protect against the risk of AD.
64
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Table 10 – Flavonoids and risk of AD 

 

Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 4 

 

Publication Bias 

Assessed: No 

 

To examine the 

effect of several 

factors on the 

risk of 

developing AD 

and other 

cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

2 2 of 3 Both identified studies failed 

to detect an association.  

Flavonoids do 

not exert a 

protective effect 

against the 

development of 

AD. 

 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 7 

 

Publication Bias 

Assessed: Not 

applicable for 

analysis of 

flavonoids 

To examine the 

effect of several 

factors, including 

vitamin B-6, on 

the risk of 

developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. 

Cochrane 

Database 

of 

Systematic 

Reviews 

3 Referent  Two of three studies failed to 

detect an association 

between flavonoid 

consumption and risk of AD.  

One study detected a 

protective effect associated 

with higher tertiles of 

flavonoid consumption (HR: 

0.49; 95% CI: 0.26, 0.92). 

Flavonoids do 

not exert a 

protective effect 

against the 

development of 

AD. 

 

 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.6.7 Beta-carotene 

 

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

One cohort study
182

 identified in the systematic review by Weih et al.
62

 examined the 

association between beta-carotene intake and risk of AD.  The study included 815 subjects, 131 of 

which developed AD over an average of 3.9 years of follow-up.  Beta-carotene intake was 

ascertained using a semi-quantitative food frequency questionnaire.
62

  AD was diagnosed according 

to the NINCDS-ADRDA criteria.  According to the results of the study, low beta-carotene 

consumption was not associated with AD (RR: 0.55; 95% CI: 0.22, 1.35).
62

 

 

 

b) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA) identified four community cohort studies which 

examined the effect of carotenoids or beta-carotene on the risk of AD.  Four cohort studies, which 

observed 621 cases of AD (N = 9649) over periods of follow-up ranging from 3.9 to 33 years, were 

included.  Exposure status was ascertained according to food frequency questionnaires
181,182,187

 and 

24-hour dietary recall
186

.   AD was diagnosed according to NINCDS-ADRDA and DSM criteria.
20

 

All four studies failed to detect an association between beta-carotene and risk of AD (RRs 

not reported for three studies
182,186,187

.  Engelhart et al.
181

- HR: 0.87; 95% CI: 0.70, 1.09). 

The reviews concluded that beta-carotene intake was not associated with AD.
20
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c) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The systematic review by Lee et al.
64

 identified four cohort studies
181,185,186,187

 which 

examined the effect of beta-carotene and other carotenoids on the risk of AD.  The studies observed 

an aggregate of 553 cases of AD (N = 10423) over periods of follow-up ranging from 4 to 33 years.  

Three
181,186,187

 of these studies were also identified in the review reported by Williams et al.
20

  

Methods employed for exposure and outcome ascertainment were not specified in the review. All 

four studies failed to detect an association between beta-carotene/carotenoids and AD (HR/RRs not 

reported in review for all four studies).
64
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Table 11 – Beta-carotene and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar Score: 6 

 

Publication Bias 

Assessed: No 

 

To investigate the 

effect of several 

putative risk factors 

on the development 

of AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. 

Cochrane 

Database 

4. Current 

Contents 

 

1 1 of 4 The only 

identified study 

failed to detect 

an association. 

Beta-carotenes did 

not appear to exert a 

protective effect 

according to the 

only identified 

study. 

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 4 

 

Publication Bias 

Assessed: No 

 

To examine the 

effect of several 

factors on the risk of 

developing AD and 

other cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

4 3 of 4 All four studies 

failed to detect 

an association. 

No evidence to 

support an 

association between 

beta-carotene 

consumption and 

risk of AD.  

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 7 

 

Publication Bias 

Assessed: Not 

applicable for 

analysis of beta-

carotenes 

To examine the 

effect of several 

factors on the risk of 

developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. 

Cochrane 

Database 

of 

Systematic 

Reviews 

4 Referent  All four studies 

failed to detect 

an association. 

Beta-carotenes were 

not associated with 

AD. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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Discussion 

 

Considered cumulatively, none of the examined micronutrients showed a consistent association 

with AD.  However, the small number of primary studies precluded a definitive conclusion for a majority 

of micronutrients.  In general, the identified systematic reviews yielded consistent conclusions.  This is 

attributed to the considerable primary study overlap across reviews reporting on the same micronutrients.  

The extent of overlap is summarized in the risk factor-specific evidence tables (Tables 5 to 11). 

For the most part, primary studies examining the effect of micronutrients yielded inconsistent 

findings.  Discordant results across primary studies are possibly attributed to the lack of consistent 

thresholds delineating exposure status.
20

  Further studies, which rely on standardized exposure thresholds, 

are required.  Limitations pertaining to exposure ascertainment must also be noted.  Studies examining the 

effect of micronutrient intake relied on subjective measurement tools, namely, food frequency 

questionnaires and 24-hour dietary recall.
20

  Exposure measurement tools reliant on self-reported dietary 

intake are often affected by perceptions of health which may lead to exposure measurement error.  Also, 

FFQs are likely to underestimate the true association.
157

 

Failure to detect an association between AD and isolated micronutrients is believed to be 

attributed to the concept of food synergy.
195

  That is, nutrients are likely to affect health outcomes in 

combination rather than individually through numerous and complex biological mechanisms.
195

  The 

study of isolated micronutrients disregards the synergistic effects afforded by foods or dietary patterns.
195

  

However, studies that examined the combined effect of micronutrients have also failed to detect an 

association with AD or have yielded discordant findings.  For example, studies reporting on the combined 

effect of vitamins C and E were inconsistent.  Further, a systematic review
20

 examining the effect of 

multivitamins, which include several micronutrients, identified two primary studies yielding null findings.  

These results may suggest that micronutrients may not affect disease risk.  Future studies should rely on 

objective measures for exposure ascertainment, use standardized exposure thresholds, and consider the 

effect of micronutrients in combination. 
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3.7 Fruits and Vegetables 

 

The putative association between fruit and vegetable consumption and risk of AD is 

attributed to their antioxidant properties.
196

  Two
20,64

 moderate-quality systematic reviews examined 

the effect of fruit and vegetable intake and risk of subsequent risk of incident AD.  Findings from 

these reviews are summarized below. 

 

 

a) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

Two
185,196

 cohort studies, which examined the effect of fruit and vegetable intake on AD risk, 

were eligible for inclusion in the HTA
20

.  Exposure status was ascertained according to self-report 

and AD was diagnosed according to NINCDS-ADRDA and DSM criteria.
20

  The studies examined 

an aggregate of 5368 subjects, 303 of which were diagnosed with AD.  Duration of follow-up ranged 

from 6.3 to 31.5 years. 

Both included studies reported a reduced risk of AD associated with fruit and vegetable 

consumption.  One study
185

 reported that consumption of fruit and vegetable juice three or more 

times per week was associated with a reduced risk of AD (HR: 0.24; 95% CI: 0.09, 0.61).  Moderate 

or high intake of fruits and vegetables in midlife was also associated with a reduced risk of AD 

according to the second study
196

 (OR: 0.60; 95% CI: 0.41, 0.86).  However, stratified analysis 

revealed that the association was statistically significant for women (OR: 0.47; 95% CI: 0.31, 0.73) 

and among those with angina (OR: 0.32; 95% CI: 0.16, 0.65), only. 

Based on the available evidence, the reviewers conclude that high consumption of fruits and 

vegetables appeared to be associated with a reduced risk of AD.
20

  However, these findings were 

limited by the small number of available of studies. 
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d) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

Lee et al.
64

 identified one of the cohort studies
185

 also captured in the review reported by 

Williams et al.
20

 

 

Discussion 

 

The available evidence pertaining to the association between fruit and vegetable intake and 

risk of AD was scarce.  Results of these reviews must be interpreted with caution due to the limited 

number of primary studies available for analysis and potential sources of bias attributed to exposure 

ascertainment.  Both cohort studies relied on self-reported consumption which may increase 

susceptibility to exposure measurement error as evidence suggests that consumption of healthy foods 

are overreported.
20,92
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Table 12 – Fruit and vegetable consumption and risk of AD 

 

Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 4 

 

Publication Bias 

Assessed: No 

 

To examine the 

effect of several 

factors on the risk 

of developing AD 

and other 

cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

1 1 of 2 The only identified 

cohort study detected a 

protective effect 

associated with fruit and 

vegetable consumption  

three or more times per 

week (HR: 0.24; 95% 

CI: 0.09, 0.61) 

No conclusions 

drawn by 

authors 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 7 

 

Publication Bias 

Assessed: Not 

applicable for 

analysis of fruit 

and vegetable 

intake 

To examine the 

effect of several 

factors on the risk 

of developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

2. 

Cochrane 

Database 

of 

Systematic 

Reviews 

2 Referent  Both prospective cohort 

studies detected an 

association between fruit 

and vegetable 

consumption and risk of 

AD. 

Some evidence 

of an 

association.  

Further 

research 

required. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.8 Caffeine 

 

Research suggests that caffeine intake exerts a protective effect against the development of 

Parkinson’s disease.
197

  A similar neuroprotective effect of caffeine consumption against the 

development of AD has also been observed.
198

  Two biological mechanisms have been presented 

regarding the putative protective role of caffeine against the development of AD.  Firstly, an in vitro 

study found that caffeine, an adenosine receptor antagonist, protects against the development of AD 

by “[reversing] cognitive impairment and [decreasing] brain amyloid-β levels in aged AD mice”.
199

  

Secondly, coffee, the most abundant source of caffeine, contains antioxidants which may mitigate 

the neurodegenerative effects of oxidative stress and vascular risk factors.
198,199

 

Three moderate quality systematic reviews
64,197,198

 examining the effect of caffeine 

consumption on the risk of AD were identified and included in the complex review.  Meta-analyses 

were conducted in two
197,198

 of the three reviews. Findings from these reviews are qualitatively 

summarized. 

 

 

a) Study: Barranco Quintana et al.
198

 

Year: 2007  

AMSTAR score: 4 

 

The systematic review and meta-analysis conducted by Barranco Quintana et al. examined 

the association between coffee consumption and risk of AD.
198

  Studies were retrieved through a 

Medline and PscyLit database search.
198

  Two case-control
101,200

, one nested case-control
76

, and one 

cohort
201

 study were identified and eligible for inclusion in the review.  The case-control studies 

included an aggregate of 224 cases and 224 controls.  The nested case-control study included 194 

cases of AD and 3894 controls.  The cohort study included 694 subjects, 36 of which developed AD 

over five years of follow-up.  Coffee consumption was ascertained via interview and self-

administered questionnaires.
198

  Statistical heterogeneity across included studies was examined 

according to the chi-square test and a random effects model was used to meta-analyze the data.
198

 

One nested case-control
76

 and one case-control study
200

 reported a reduced risk of AD 

associated with coffee consumption.  The remaining studies reported no association.  The fixed 
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effects meta-analysis detected a reduced risk of AD associated with coffee consumption (Risk 

estimate: 0.73; 95% CI: 0.58. 0.92; Test for heterogeneity: x
2
 = 13.6, p<0.01).  Presence of statistical 

heterogeneity necessitated the use of a random effects model.  The random effects meta-analysis 

yielded non-significant findings (Risk estimate: 0.79; 95% CI: 0.46, 1.36).  The computed pooled 

estimate is incorrect due to inappropriate pooling of studies as described in the discussion section 

(page 130). 

To investigate potential sources of heterogeneity across the included studies, the reviewers 

conducted a series of sensitivity analyses.
198

  The sensitivity analysis which included the nested case-

control
76

 and cohort study
201

 suggested that coffee consumption was associated with a marginally 

significant decreased risk of AD (Risk estimate: 0.73; 95% CI: 0.54, 0.99). The pooled analysis 

restricted to the case-control studies
101,200

 failed to reach statistical significance (Risk estimate: 0.73; 

95% CI: 0.50, 1.05).  A pooled analysis of the three studies
76,101,200

 that employed interview 

questionnaires for exposure ascertainment yielded results suggesting a 30% reduced risk of AD 

associated with coffee consumption (Risk estimate: 0.70; 95% CI: 0.55, 0.90).  Lastly, the reviewers 

conducted a subgroup analysis excluding the studies by Broe et al.
101

, which failed to adjust for 

potentially confounding variables, and Tyas et al.
201

, which was susceptible to exposure 

measurement bias associated with the use of self-administered questionnaires.
198

  Results were 

statistically significant (Risk estimate: 0.58; 95% CI: 0.44, 0.77). 

According to the random effects meta-analysis, coffee consumption was not significantly 

associated with risk of AD.
198

  However, sensitivity analyses restricted to cohort studies, studies 

employing interview questionnaires, and studies that were less susceptible to bias, all support the 

protective effect of coffee consumption against the development of AD.
198

  The reviewers concluded 

that “coffee consumption [was] inversely associated with the risk of AD”.
198

  However, the reviewers 

cautioned that results were limited by the small number of available studies and the presence of 

heterogeneity. 
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b) Study: Santos et al.
197

 

Year: 2010 

AMSTAR score: 6 

 

The systematic review and meta-analysis by Santos et al. examined the effect of caffeine 

consumption on the risk of dementia, AD, and cognitive impairment.
197

  Studies were retrieved 

through an electronic database search which was supplemented with a bibliographic review of 

relevant studies.
197

  Two case-control
101,200

, one nested case-control
76

, and twocohort
,201,202 

studies 

reported on the association between caffeine intake and the risk of AD.  The case-control studies 

included an aggregate of 224 cases and 224 controls.  The cohort studies observed a total of 84 cases 

of AD (N = 2103) during periods of follow-up ranging from five to 21 years.   The nested case-

control study included 194 cases of AD and 3894 controls. 

The exposure was ascertained according to interviewer
101,201

 and self-administered
76,201

 

questionnaires in three studies.  The remaining two studies
200,202

 also utilized questionnaires for 

exposure measurement; however, further detail regarding the data collection process was not 

specified.  There was heterogeneity across the included studies pertaining to the type of caffeinated 

beverages under investigation and the categorization of the exposure.
197

  The studies by Tyas et al.
201

, 

Eskelinen et al.
202

, and Lindsay et al.
76

 provided risk estimates for coffee and tea intake separately, 

Broe et al.
101

 provided data pertaining solely to coffee consumption, and Maia et al.
200

 considered all 

caffeinated beverages.
197

  Maia et al.
200

 and Broe et al.
101

 compared ever to never consumers
197

.  In 

contrast, the studies by Tyas et al.
201

 and Lindsay et al.
76

 compared regular (daily or "nearly every 

day") caffeine consumption to irregular consumption.  Lastly, two studies
101,202

 provided data 

comparing the risk of AD associated with specific quantities of caffeine intake.  The study by Broe et 

al.
101

 compared those consuming less than four cups of coffee a day to those consuming four or more 

cups a day.  Similarly, the study by Eskelinen et al.
202

 examined the effect of consuming zero to two 

cups of coffee compared to three to five cups.  Eskelinen et al.
202

 also reported the effect of heavy 

coffee consumption (more than 5 cups) compared to none or low coffee consumption (0 to 2 cups). 

AD was consistently diagnosed according to the NINCDS-ADRDA across all included studies.
197

   A 

random effects model was employed to compute a pooled risk estimate.
197

   Publication bias was 

examined according to visual inspection of the funnel plot, Begg’s adjusted rank correlation test, and 

Egger’s regression asymmetry test.
197
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Among the five included studies, three
101,201,202

 failed to detect an association between coffee 

consumption and risk of AD.  The remaining two studies
76,200

 reported a statistically significant 

decreased risk of AD among coffee consumers.
197

  Three studies
76,201,202

 provided risk estimates 

restricted to tea intake.  All three studies failed to detect a statistically significant association. 

The reviewers conducted a pooled analysis.  In the case that a study provided multiple risk 

estimates the "most precise measures of association" were used for the pooled analysis.
197

  Moreover, 

the study by Eskelinen et al.
202

 was excluded from the meta-analysis for AD as the risk estimate 

provided for “any dementia” was more precise.
197

  Lastly, for studies reporting on the effect of tea 

and coffee consumption separately, only the measure of association for coffee consumption was 

included in the meta-analysis examining the effect of caffeine intake.  Overall, four studies
76,101,201,200

 

were eligible for inclusion in the meta-analysis.  Results of the meta-analysis suggested that caffeine 

consumption was associated with a reduced risk of AD (RR: 0.62; 95% CI: 0.45, 0.87).  The test for 

heterogeneity was not statistically significant (p=0.169; I
2
= 40.5%).

197
  Funnel plot inspection and 

results of statistical tests were suggestive of the absence of publication bias (Egger’s regression 

asymmetry test: p=0.277; Begg adjusted rank correlation test: p=0.784).
197

 

The reviewers concluded that while there was evidence of a reduced risk of AD associated 

with caffeine consumption, results were limited by the presence of methodological heterogeneity.
197

 

 

 

c) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al. examined the association between a number of lifestyle-related risk 

factors and AD.
64

  One
185

 of the included studies examined the effect of tea consumption on the risk 

of AD.  The study included 1589 subjects, 63 of which developed AD over an average of 6.3 years 

of follow-up.  Methods employed for exposure and outcome ascertainment in the primary study were 

not specified in the review. Tea consumption was not associated with risk of AD according to the 

study(RR: not reported in review). 
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Discussion  

 

Three moderate quality systematic reviews
64,197,198

 examined the association between coffee 

or caffeine intake and risk of AD.  Among the six primary studies identified across the three reviews, 

only two
76,200

 studies reported a statistically significant association between caffeine consumption 

and risk of AD.  Moreover, the most recent cohort study
202

 with the longest length of follow-up also 

failed to detect an association.   

Random effects meta-analyses were conducted in two of the included reviews.  Although the 

random effects pooled analysis by Barranco Quintana et al.
198

 failed to reach statistical significance, 

the random effects meta-analysis reported by Santos et al.
197

, which considered the same four studies, 

found a statistically significant reduced risk of AD associated with caffeine consumption.  The 

reviews varied with respect to how results from one primary study were incorporated into the meta-

analysis.  The primary study
101

 in question reported risk of AD associated with “never consumption” 

of coffee (OR: 1.55; 95% CI: 0.89, 2.71).  Using data from the primary study, Santos et al. 

“computed the OR using non-consumers as the reference class” and relied on this estimate for the 

meta-analysis (OR: 0.65; 95% CI: 0.36, 1.19).
197

  In contrast, Barranco Quintanna et al.
198

 relied on 

the reported risk estimate which used consumers as the referent category (OR: 1.55; 95% CI: 0.89, 

2.71).  Because the remaining three studies included in the meta-analyses presented risk estimates 

using non-consumers as the referent category, Barranco Quintana et al.
198

 should have computed the 

risk estimate using non-consumers as the referent category to allow for appropriate pooling.  As a 

result of this discrepancy, the quantitative analyses yielded conflicting results. 

The included reviews are limited by the small number of available studies and heterogeneity 

across the studies with respect to the type and quantity of caffeinated beverages under 

investigation.
197,198

  Conclusions drawn from the systematic reviews are also limited by 

methodological limitations of the included observational studies.  Case-control studies, in particular, 

are susceptible to recall bias.
71

  Case-control studies of cognitively impaired subjects face the added 

challenge of ascertaining exposure status of cognitively impaired or demented cases who often lack 

the capacity to recall past exposures.
21

  Consequently, a proxy respondent is often recruited to 

provide data for the purpose of exposure ascertainment.
21

  The susceptibility for recall bias is further 

heightened if methods for exposure ascertainment are not parallel across outcome categories.
72

  In the 

case-control study by Maia et al.
200

, for example, the exposure status of controls was ascertained 

according to self-report while proxy respondents were recruited to ascertain the exposure status of 
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cases.  If we assume that there is an increased likelihood of exposure recall error among cases, as 

data was obtained from an informant rather than from the subject directly, the association between 

caffeine intake and risk of AD is likely attenuated.
71,72

  Both case-control and cohort studies, 

however, are susceptible to exposure measurement error arising from the use of subjective tools, 

namely, interview- or self-administered questionnaires.  Such subjective methods may lead to 

exposure measurement error, since self-reported dietary intake is often affected by perceptions of 

health.
92

  More specifically, studies have found that unhealthy foods are often underreported while 

consumption of healthy foods are overreported.
92

  Although less practical, use of objective 

measurement tools, such as urinary biomarkers, would provide a more accurate measure of coffee 

consumption and ultimately improve the validity of study findings.
203,204

 

Caffeine consumption is associated with health and lifestyle factors which can potentially 

confound the association between caffeine intake and AD risk, namely smoking and alcohol 

consumption.
198

  Only two
200,202

 of the six observational studies included in the three systematic 

reviews adjusted for lifestyle related risk factors for AD. 

Overall, based on the conflicting findings of the observational studies, the association 

between coffee or caffeine consumption and risk of AD was inconclusive.  Further research 

investigating the effect of caffeine consumption on the risk of AD is required.
197,198 
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Table 13 – Coffee/Caffeine consumption and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for 

Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included in 

Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Barranco 

Quintana 

et al.
198

 

 

(2007) 

Amstar score: 
4 

 

Publication 

Bias Assessed:  
No 

 

 

To investigate 

the association 

between coffee 

consumption and 

Alzheimer's 

disease. 

All years 

from the 

inception of 

the 

databases to 

January 

2004 

1. Medline 

2. Current     

Contents 

Best  

Evidence 

3. Nisc     

Mexico  

Biblioline 

4 4 of 5 1. Coffee 

consumption vs. 

Nonconsumption:  

(Risk estimate: 0.79; 

95% CI: 0.46, 1.36)  

 

2. Cohort studies:  
(Risk estimate: 0.73; 

95% CI: 0.54, 0.99)  

 

3. Case-control 

studies:  (Risk 

estimate 0.73; 95% 

CI: 0.50, 1.05)  

 

4. Studies using 

interview 

questionnaires:  

(Risk estimate: 0.70; 

95% CI: 0.55, 0.90)  

 

5. Excluding studies 

susceptible to bias:  

Overall pooled 

analysis failed to 

detect an 

association; 

however, subgroup 

analyses detected a 

reduced risk 

attributed to 

caffeine 

consumption.   



123 

 

 

 

 

 

(Risk estimate: 0.58; 

95% CI: 0.44, 0.77)  

Santos et 

al.
197

 

 

(2010) 

Amstar score: 
6 

 

Publication 

Bias Assessed:  
Yes 

 

 

To examine the 

association 

between caffeine 

and Alzheimer's 

disease, 

dementia, and 

cognitive 

decline. 

All years 

from 

inception of 

the 

databases to 

September 

2009 

1. Medline 

2. LILACS     

    (Latin  

    America  

    and  

    

Caribbean) 

3. Scopus 

4. Web of  

     Science 

5 Referent  1. Ever vs. Never:  
(RR: 0.62; 95% CI: 

0.45, 0.87; Test for 

statistical 

heterogeneity: I
2
 = 

40.5%)  

 

 

Caffeine 

consumption 

appeared to 

decrease risk of 

AD.   

Lee et 

al.
64

 

 

(2010) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To examine the 

effect of several 

factors on the 

risk of 

developing AD 

and other 

cognitive 

outcomes. 

All years up 

to August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

1 0 of 5 The only identified 

study failed to detect 

an association 

between tea 

consumption and risk 

of AD. 

No conclusions 

drawn by 

reviewers. 

a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.9 Mediterranean diet 

 

Research suggests that adherence to the Mediterranean dietary pattern is protective against 

mortality and the development of cardiovascular and neurodegenerative conditions.
209

  This dietary 

pattern is comprised of a number of components including: (1) high intake of legumes, cereals, 

fruits, vegetables, and fish, (2) low intake of meat and dairy products, (3) moderate intake of alcohol, 

and (4) a high mono-unsaturated fatty acid to saturated fatty acid ratio.
208

  It is hypothesized that the 

cardiovascular risk reduction afforded by this dietary pattern may in turn protect against the 

development of AD.
205

  Moreover, high levels of antioxidants and vitamins obtained from the 

Mediterranean diet may mitigate the effects of inflammation and oxidative stress, factors likely 

involved in the etiology of AD.
205

 

Six systematic reviews
20,60,62,206,209,208 

examined the association between adherence to the 

Mediterranean diet and risk of AD.  Two reviews
60,206

 were of poor methodological quality according 

to the AMSTAR criteria and were consequently excluded.  Of the remaining studies, three were of 

moderate methodological quality
20,62,208 

and one was a high quality review
209

.  Findings from these 

reviews are qualitatively summarized. 

 

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The effect of adherence to the Mediterranean diet was examined in the review by Weih et 

al.
62

   Only one study
207

 was identified.  The study examined 2258 subjects, 262 of which developed 

AD over four years of follow-up.  Adherence was assessed by a semi quantitative food frequency 

questionnaire and outcome ascertainment was achieved according to acceptable criteria.
62

  According 

to the results of the cohort study, the highest tertile of Mediterranean diet adherence was associated 

with a decreased risk of incident AD (HR: 0.60; 95% CI: 0.40, 0.90).  Although only a single cohort 

study was identified, the reviewers concluded that there was “good evidence...that Mediterranean 

diet...might be protective”.
62
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b) Study: Sofi et al.
208

 

Year: 2008 

AMSTAR score: 6 

 

The systematic review by Sofi et al. examined the effect of the Mediterranean dietary pattern 

on the risk of numerous outcomes including Alzheimer's disease, Parkinson's disease, cancer, and 

mortality.
208

  Studies were identified through a search of PubMed, Embase, Web of Science, and 

Cochrane Central.
208

  Inclusion was restricted to prospective cohort studies that ascertained 

adherence to the diet according to a scoring system.
208

  Only one
207

 of the included studies, however, 

focused on the risk of AD.  This study was also captured in an earlier review reported by Weih et 

al.
62

  Adherence to the Mediterranean diet was quantified according to a scoring system in the cohort 

study.  Adherence to each food group of the Mediterranean diet was examined.  Those consuming 

quantities exceeding the population median were assigned a score of one while those consuming 

quantities less than the established threshold were assigned a score of zero.
208

  Conversely, those 

with a high intake of foods atypical of the Mediterranean diet, such as meats and dairy, were 

assigned a score of zero.
208

  Those with a low intake (below the population median) of these food 

groups were given a score of one.
208

  A single combined score was derived with a total score ranging 

from 7 to 9 indicating high adherence to the Mediterranean diet.
208

  The criteria employed for 

outcome ascertainment in the primary study was not specified in the systematic review.  A meta-

analysis examining the effect of the Mediterranean diet on the incidence of neurological conditions 

(AD and Parkinson’s disease) was conducted.  Because the results of the meta-analysis were not 

specific to the outcome of AD, findings of the quantitative analysis will not be presented.  Finally, 

publication bias was examined according to the fail safe N method.
208

 

  The reviewers converted the results from all primary studies to examine the effect of a two-

point increased risk in adherence score.
208

  The primary study reported by Scarmeas et al.
207

 detected 

a reduced risk of AD associated with each two-point increase in Mediterranean diet adherence score 

(RR: 0.83; CI 0.70, 0.98).  There was no evidence of publication bias. Conclusions were drawn for 

the effect of Mediterranean diet adherence on the incidence of Parkinson’s disease and AD 

combined.  However, conclusions were not drawn for AD considered separately.   
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c) Study: Sofi et al.
209

 

Year: 2010 

AMSTAR score: 9 

 

The 2010 systematic review by Sofi et al.
209

 was an update to the 2008 review conducted by 

the same author.  This updated review investigated the association between adherence to the 

Mediterranean diet and a number of outcomes including mortality, Alzheimer's disease, mild 

cognitive impairment, coronary heart disease, cardiovascular disease, and gastric adenocarcinoma.
209

  

The updated review identified one study
210

 focused on the risk of AD.  The study examined 1410 

subjects, 66 of which developed AD over seven years of follow-up. Methods for categorizing 

exposure status were consistent with those used in the original review. The criteria used for the 

diagnosis of AD was not specified.  A meta-analysis examining the effect of the Mediterranean diet 

on the incidence of neurological conditions (AD and Parkinson’s disease) was conducted.
209

  

Because the results of the meta-analysis were not specific to the outcome of AD, findings of the 

quantitative analysis will not be presented. 

The reviewers converted results from included studies to reflect a two point increase in 

Mediterranean diet adherence score.
209

  The prospective cohort study
210

 failed to detect an 

association between a two-point increase in Mediterranean diet adherence score and risk of 

developing AD (RR: 1.00; CI 0.71, 1.40).  Finally, there was no evidence of publication bias.
209

  As 

in the earlier review
208

, conclusions were drawn for the effect of Mediterranean diet adherence on the 

incidence of Parkinson’s disease and AD combined.  However, conclusions were not drawn for AD 

considered separately.   

 

 

d) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Technology Assessment prepared by the Duke Evidence-based Practice Center 

reviewed the association between the Mediterranean diet and risk of AD.
20

  The reviewers identified 

four publications
207,210,211,212

, thereof which examined the same cohort
207,211,212

.  The three studies 
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reporting on the same cohort of subjects examined 1875 to 2258 subjects and 107 to 282 incident 

cases of AD were observed during periods of follow-up ranging from four to 5.4 years.  The 

remaining study examined 1410 subjects, 66 of which developed AD over 7 years of follow-up.  

Studies adhered to the NINCDS-ADRDA or DSM diagnostic criteria for AD ascertainment.
20

  

Adherence to the Mediterranean diet was ascertained according to food frequency questionnaires.
20

  

Exposure status was then categorized according to a scoring system with higher combined scores 

indicating higher adherence.
20

 

The cohort study by Scarmeas et al.
207

 reported that the highest tertile of adherence was 

associated with a 40% reduced risk of AD (HR: 0.60; 95% CI: 0.42, 0.87).  Each point increase in 

adherence score was significantly associated with AD risk (HR: 0.91; 95% CI: 0.83, 0.98).  In a 

more recent publication by the same author using the same cohort, high adherence was associated 

with a statistically significant reduced risk of AD (HR: 0.60; 95% CI: 0.42, 0.87).
211

  The combined 

effect of high adherence to the Mediterranean diet and high physical activity yielded similar findings 

(HR: 0.65; 95%: 0.44, 0.96).
211

  Using the same cohort, Scarmeas et al.
212

 also examined the effect of 

the Mediterranean diet on risk of progression from MCI to AD.  Compared to low adherence, both 

moderate (HR: 0.55; 95% 0.34, 0.90) and high (HR: 0.52; 95% CI: 0.30, 0.91) adherence to the 

Mediterranean diet was associated with a statistically significant reduced risk of conversion from 

MCI to AD.  The cohort study by Feart et al.
210

 reported that moderate and high adherence to the 

Mediterranean diet were not associated with AD (Moderate - HR: 0.99; 95% CI: 0.51, 1.94.  High - 

HR: 0.86; 95% CI: 0.39, 1.88).
20

 

Overall, three publications
207,211,212

 reporting on the same cohort detected a reduced risk of 

AD associated with adherence to the Mediterranean diet.
20

  One study
210

, reporting on a different 

cohort, reported no association.  The reviewers concluded that while there was some evidence of an 

association, further research is required.
20

 

 

Discussion 

 

Four systematic reviews reporting on the effect of the Mediterranean diet were identified.  

There was some primary study overlap across the four reviews.  Each review captured one of the 

four publications included in the referent review
20

.  In total, four publications
207,210,211,212

 examining 

two  unique cohorts were identified across the reviews.  While there was some evidence that greater 

adherence to the Mediterranean diet was associated with a reduced risk of AD
20

, these findings were 
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limited by a number of factors including the very few available primary studies and issues pertaining 

to the ascertainment of the exposure.
20,208

  Adherence to the Mediterranean diet was consistently 

ascertained according to self-reported responses across the included studies.
20

  Self-reported dietary 

intake is often affected by perceptions of health which may lead to exposure measurement error.
92

  

More specifically, studies have found that unhealthy foods are often underreported while 

consumption of healthy foods are overreported.
92

  Moreover, research suggests that use of food 

frequency questionnaires may also give rise to exposure measurement error as this tool is likely to 

underestimate the true association between the exposure and the outcome.
157

  Finally, using a scoring 

system to measure adherence and subsequently categorize subjects by exposure status is “limited by 

subjectivity” which may contribute to exposure measurement error.
208

  The limited number of 

available studies precludes a conclusive statement regarding the association between the 

Mediterranean dietary pattern and risk of AD.   
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Table 14 – Mediterranean diet and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar Score: 

6 

 

Publication 

Bias Assessed: 

No 

 

To investigate the 

effect of several 

putative risk factors 

on the development 

of AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane   

    Database 

4. Current  

    Contents 

 

1 1 of 4 The only 

identified study 

detected a reduced 

risk of AD 

associated with 

the highest tertile 

of adherence to 

the Mediterranean 

diet (HR: 0.60; 

95% CI: 0.40, 

0.90) 

Reviewers 

concluded that 

there was “good 

evidence...that 

Mediterranean 

diet...might be 

protective”.
62

 

Sofi et 

al.
208

 

 

(2008) 

Amstar score: 
6 

 

Publication 

Bias Assessed:  
Yes 

 

 

To investigate the 

association between 

adherence to a 

Mediterranean diet 

and mortality, 

Alzheimer's 

disease, cancer, and 

Parkinson's disease. 

All years 

from 

inception 

of the 

databases 

up to 30 

June 2008 

1. PubMed 

2. Embase 

3. Web of 

Science  

4. Cochrane  

    Central  

     Register  

     of  

    Controlled  

    Trials 

1 1 of 4 The only 

identified study 

detected a 

protective effect 

associated with a 

two-point increase 

in Mediterranean 

diet adherence 

score  (RR 0.83; 

CI 0.70, 0.98) 

No conclusions 

were drawn by 

authors for AD 
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Sofi et 

al.
209

 

 

(2010) 

Amstar score: 
9 

 

Publication 

Bias Assessed:  
Yes 

 

 

To investigate the 

association between 

adherence to a 

Mediterranean diet 

and health 

outcomes such as 

mortality, 

Alzheimer's 

disease, cancer, 

cardiovascular 

disease, coronary 

heart disease, and 

Mild cognitive 

impairment. 

All years 

from 

inception 

of the 

databases 

up to June 

2010 

1. Medline 

2. Embase 

3. Web of  

     Science 

4. Cochrane  

     Library 

5.clinicaltrials.org 

6. GoogleScholar 

1 1 of 4 The only 

identified study 

failed to detect an 

association 

between a two-

point increase in 

Mediterranean 

diet score and risk 

of AD (RR: 1.00; 

95% CI: 0.71, 

1.40). 

No conclusions 

were drawn by 

authors for AD 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

Mediterranean 

diet 

To examine the 

effect of several 

factors on the risk 

of developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. Cochrane  

    Database     

    of  

    Systematic  

    Reviews 

4 Referent Three of the four 

identified cohort 

studies detected a 

reduced risk of 

AD associated 

with adherence to 

the Mediterranean 

diet 

Some evidence 

of an association 

between 

Mediterranean 

diet adherence 

and a reduced 

risk of AD. 

a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.10 Fat intake/Saturated fatty acids 

  

High consumption of saturated fats is a putative risk factor for the development of AD.
213

  

The detrimental effect of dietary saturated fats is linked to AD pathogenesis as it contributes to beta-

amyloid plaque formation by way of elevated low-density lipoprotein and subsequent 

hypercholesterolemia.
213

 

 Four moderate quality systematic reviews
20,62,64,214

 which examined the association between 

total fat, saturated fat, or transunsaturated fat intake and risk of AD were identified.  Results of these 

reviews are qualitatively summarized. 

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

Three cohort studies, reported in four publications 
146,148,215,216 

identified in the systematic 

review by Weih et al.
62

 examined the association between fat intake and risk of AD.   Excluding the 

earlier of two publications reporting on the same study
146

, the remaining three observed an aggregate 

of 519 cases of AD (N = 7190) during periods of follow-up ranging from 3.9 to six years. Exposure 

status was ascertained according to semi-quantitative food frequency questionnaires.
62

  AD was 

consistently diagnosed according to the NINCDS-ADRDA criteria.  A pooled analysis of the 

identified evidence was not conducted. 

All three studies examining total fat intake and risk of AD reported no association 

(Luchsinger et al.
215

- RR: 1.40; 95% CI: 0.93, 2.13.  Engelhardt et al.
148

 - OR: 0.86; 95% CI: 0.73, 

1.01.Morris et al.
216

- RR: 0.90; 95% CI: 0.40, 1.80).   One
216

 of two studies detected an increased 

risk of AD associated with high saturated fat intake(Morris et al.
216

 - RR: 2.20; 95% CI: 1.10, 4.70.  

Kalmijn et al.
146

- OR: 1.90; 95% CI: 0.90, 4.00).  The same study also reported an increased risk of 

AD associated with higher transunsaturated fat intake (Morris et al.
216

 - RR: 2.40; 95% CI: 1.10, 

5.30).  Dietary cholesterol was not associated with risk of AD according to the only study
216

 to report 

on the association (RR: 0.90; 95% CI: 0.40, 2.40).  Despite the limited evidence, the reviewers 

concluded “that high…fat intake (total, saturated and transunsaturated fat) intake …increases AD 

risk”.
62
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b) Study: Crichton et al.
214

 

Year: 2010 

AMSTAR score: 4 

 

The systematic review by Crichton et al.
214

 examined the association between fat intake from 

dairy products and risk of AD.  The reviewers identified a single study
217

 which focused on the risk 

of developing AD.  The prospective cohort study examined 1449 subjects, 48 of which developed 

AD over 21 years of follow-up.  The study examined the effect of fats obtained from dairy products, 

namely, “milk, sour milk, and spreads”.
214

   Exposure status was ascertained according to self-

reported responses to a food frequency questionnaire.
214

  Finally, AD was ascertained using the 

DSM-IV criteria. Results from the CAIDE
217

 study suggested that fat intake from milk or sour milk 

was not associated with risk of AD (OR not reported in review).  However, the second quartile of 

saturated fatty acids from spreads was associated with increased risk of AD (OR: 3.82; 95% CI: 1.48, 

9.87). 

 

 

c) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

The review by Lee et al. examined the association between a number of lifestyle-related risk 

factors and AD.
64

  Two publications
133,217

, reporting on the Cardiovascular Risk Factors, Aging and 

Dementia (CAIDE) cohort, examined the association between saturated fatty acids obtained from 

spreads and risk of AD.  The CAIDE cohort included 1449 subjects, 48 of which developed AD over 

21 years of follow-up.  The second quartile of saturated fatty acid intake from spreads was associated 

with an increased risk of AD according to one publication
217

 (OR presented in section b).  Also 

reporting on the CAIDE cohort, the second publication
133

 reported that higher saturated fatty acid 

consumption from spreads was associated with an increased risk of AD among APOE e4 

carriers(OR: 4.34; 95% CI: 1.28, 14.68).  The reviewers concluded that there was “consistent 

evidence of a….negative effect for high saturated fat intake…”.
64
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d) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA) prepared for the US Agency for Healthcare 

Research and Quality examined the effect of medical, social/behavioural, environmental, dietary, and 

pharmacological factors on the risk of AD.
20

  Two identified cohort studies
216,217

 examined the 

association between dietary fats (saturated, monounsaturated, transunsaturated) and risk of AD.  The 

studies observed an aggregate of 179 cases of AD (N = 2264) during periods of follow-up ranging 

from 3.9 to 21 years.  Outcome ascertainment was achieved according to DSM and/or NINCDS-

ADRDA criteria.
20

  The exposure was ascertained according to self-reported data.
20

 

Both studies reported an increased risk of AD associated with high
216

 or moderate
217

 

saturated fat intake (RR/ORs presented in sections a and b).  The only study
216

 to report on high 

transunsaturated fat consumption reported an increased risk of AD (RR presented in section a).  

Total and monounsaturated fats were unassociated with risk of AD according to both studies (Total 

fat – RR for one study
216

 reported in section a.  RR for second study
217

 not reported in review.  

Monounsaturated fatty acids – RRs not reported in review for both studies).  Based on this evidence, 

the reviewers concluded that while there was some evidence of an association between saturated and 

transunsaturated fat consumption with an increased risk of AD, the available evidence was 

insufficient to draw definitive conclusions.
20

 

 

Discussion 

 

Considered cumulatively, there was limited evidence to suggest that dietary saturated and 

transunsaturated fats are associated with an increased risk of AD.
20

  The small number of available 

primary studies and limitations within these studies precludes any definitive conclusions.  An 

important limitation involves the “broad category” of saturated fats considered.
218

  This category 

includes subgroups of fats which exert differential effects.  For example, while some saturated fats 

(e.g. lauric, mystric, and palmitic) have shown to increase low density lipoprotein (LDL), others 

exert no effect on cholesterol levels (e.g. stearic acid).
218

  However, limiting intake and measuring 
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consumption of detrimental saturated fatty acids alone is difficult.
218

  This may explain the treatment 

of saturated fatty acids as a broad exposure category by the available primary studies.  By examining 

the effect of all saturated fatty acids, the observed detrimental association reported by some studies is 

likely diluted by the inclusion of “neutral effect”
218

 saturated fats.  Similarly, the lack of association 

reported by all four primary studies reporting on total fat intake is possibly related to the broad 

category of fats considered.  More specifically, total fat intake includes consumption of putative 

protective (e.g. polyunsaturated fatty acids) and detrimental (e.g. saturated fatty acids, 

transunsaturated fatty acids) fats.
148

  It is also possible that fat intake is not associated with AD.  

Finally, potential for reverse causation and selection bias must also be considered. 
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Table 15 – Saturated, transunsaturated, and total dietary fat and risk of AD 

 

Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  

Publication 

Bias Assessed 

(Yes/No), Test 

for 

Publication 

Bias, Result 

of test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar 

Score: 6 

 

Publication 

Bias 

Assessed: No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the 

development of 

AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. 

Cochrane   

    

Database 

4. Current  

    Contents 

 

3 1 of 2 All three studies reported 

risk estimates exceeding 

1.00. Only one study 

detected a statistically 

significant increased risk 

of AD associated with 

high saturated and 

transunsaturated fat intake 

 

Dietary fat 

(saturated, 

transunsaturated) 

appeared to increase 

risk of AD. 

Crichton 

et al.
214

 

 

(2010) 

Amstar 

Score: 4 

 

Publication 

Bias 

Assessed: No 

To evaluate the 

association 

between dairy 

consumption 

and cognitive 

function, AD, 

and dementia. 

All years 

from 

inception 

of 

databases 

to July 

2009.  

1. Medline 

2. Embase 

3. Cinahl 

4. 

PsychInfo 

5.  Web of 

Science 

1 1 of 2 1. Fat intake from milk 

products:  The only 

identified study failed to 

detect an association 

between fat intake from 

milk products and risk of 

AD. 

 

2.  Saturated Fatty 

Acids from spreads:  
The only identified study 

detected an increased risk 

of AD associated with  

Results from the 

only identified study 

suggested that 

saturated fats from 

spreads may 

increase risk of AD. 
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a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51

 

 

 

moderate intake of 

saturated fatty acids from 

spreads (OR: 3.82; 95% 

CI: 1.48, 9.87). 

Lee et 

al.
64

 

 

(2010) 

Amstar 

Score: 4 

 

Publication 

Bias 

Assessed: No 

 

To examine the 

effect of several 

factors on the 

risk of 

developing AD 

and other 

cognitive 

outcomes. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

2 1 of 2 Both studies detected an 

increased risk of AD 

associated with high 

saturated fat. 

Higher saturated 

fatty acid 

consumption was 

associated with an 

increased risk of AD 

 

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias 

Assessed: Not 

applicable for 

analysis of 

dietary fats. 

To examine the 

effect of several 

factors on the 

risk of 

developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. 

Cochrane  

Database     

of     

Systematic  

Reviews 

2 Referent Both studies detected an 

increased risk of AD 

associated with high 

saturated fat. One study 

reported an increased risk 

associated with high 

transunsaturated fat.  Both 

studies failed to detect an 

association between total 

and monounsaturated fats. 

Saturated and 

transunsaturated fats 

may increase risk of 

AD. 
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3.11 Caloric Intake 

 

Reduced caloric intake may decrease risk of AD by reducing oxidative stress.
215

  Two
20,62

 

moderate quality systematic reviews examined the association between caloric intake and risk of 

AD. 

 

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

Weih et al.
62

 identified a single cohort study that examined the association between caloric 

intake and risk of AD.  The study examined 980 subjects, 242 of which developed AD over four 

years of follow-up.  Exposure status was ascertained using a semi quantitative food frequency 

questionnaire and AD was diagnosed according to DSM-IV and NINCDS-ADRDA criteria.
62

  The 

study
215

 reported a marginally significant 50% increased risk of AD associated with the highest 

quartile of caloric intake (RR: 1.50; 95% CI: 1.00, 2.20). 

 

 

b) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA) reported by Williams et al.
20

 identified the same 

study
215

 captured by Weih et al.
62

  Again, high total daily caloric intake was associated with an 

increased risk of AD (HR: 1.48; 95% CI: 1.00, 2.19).
20

  The reviewers concluded that results from a 

single study suggest an increased risk of AD associated with high caloric intake.  However, the 

available evidence was deemed insufficient.
20
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Discussion 

 

A single cohort study reported an association between high caloric intake and risk of AD.  

Although both reviews relied on the same primary study, the extracted risk estimates and 95% 

confidence intervals varied slightly.  The primary study
215

 reported both risk estimates.  More 

specifically, the risk estimate extracted by Williams et al.
20

 was recorded in the results table while 

the risk estimate extracted by Weih et al.
62

 was presented in the abstract and body of the publication.  

Overall, the available evidence regarding the association between caloric intake and AD is 

inadequate.
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Table 16 – Caloric intake and risk of AD 

 

Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test for 

Publication Bias, 

Result of test:  

Objective 

 

 

Years 

included 

in 

Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar Score: 6 

 

Publication Bias 

Assessed: No 

 

To investigate the 

effect of several 

putative risk 

factors on the 

development of 

AD. 

January 

1966 to 

June 

2006 

1. Medline 

2. Embase 

3. Cochrane   

    Database 

4. Current  

    Contents 

 

1 1 of 1 A single study detected 

an increased risk of 

AD associated with the 

highest quartile of 

caloric intake (RR: 

1.50; 95% CI: 1.00, 

2.20) 

 

No 

conclusions 

drawn by 

authors 

Williams 

et al.
20

 

 

(2010) 

Amstar Score: 7 

 

Publication Bias 

Assessed: Not 

applicable for 

analysis of caloric 

intake 

To examine the 

effect of several 

factors on the risk 

of developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. Cochrane 

Database 

of 

Systematic 

Reviews 

1 Referent  Results from the only 

identified study 

suggest an increased 

risk of AD associated 

with high total daily 

caloric intake (HR: 

1.48; 95% CI: 1.00, 

2.19) 

Available 

evidence was 

inadequate 

a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.12 Education 

 

Multiple pathways have been proposed to explain the observed protective association 

between higher educational attainment in early life and development of AD or dementia in late-life.  

According to the model adapted by Sharp et al., educational attainment is dependent on several 

factors, primarily, brain development.
219

  Brain development is influenced by genetics, health and 

nutrition, environmental factors, as well as “parental socioemotional influence”.
219

  In addition to 

brain development, parental socioeconomic status and “parental socioemotional influence” may have 

a direct effect on educational attainment.
219

  Educational attainment may subsequently dictate 

socioeconomic status, environment, and behaviours in adulthood.
219,220  

Early-life factors guiding 

educational achievement as well as consequences of educational attainment (e.g. occupation) have 

also been linked to the development of AD in later-life.
219,220

  This has contributed to the hypothesis 

that the association between education and AD may be attributed to or explained by occupation or 

other aspects of socioeconomic status.
220

 

The concept of cognitive reserve has been proposed as a potential explanation for the 

association between higher educational attainment and a reduced risk of AD.
220,221

  The cognitive 

reserve theory postulates that high educational attainment attenuates the clinical signs of AD-related 

brain pathology by activating alternate neural pathways in the presence of brain pathology.
220,221

  

Greater cognitive reserve is indicative of superior morphological characteristics, namely, more 

neurons and neural connections.
220,222  

Greater cognitive reserve is also characterized by superior 

brain functionality, in other words, “greater overall cognitive efficiency”.
222

  Cognitive efficiency is 

afforded by a compensatory mechanism which can be summarized as the involvement of intact 

neurons when initial neuronal communication is hampered by brain pathology (i.e. damaged 

neurons).
220,221,222,223

  Briefly, those with AD-related pathology can cope with neuronal injury as 

“communication” is carried through alternate, unaffected  neural pathways.
223

 

Greater cognitive reserve is attributed to higher cognitive capacity which is influenced by 

better brain development, particularly with respect to brain volume “early in life”.
220,224  

Cognitive 

capacity is also the sum of brain development throughout life.
225

  As such, other factors including 

educational attainment, occupation, and social engagement are purported to impact cognitive 

capacity.
220,225,226  

The concept of neuroplasticity, defined as the occurrence of morphological and 

functional brain changes “in response to stimuli”, is central to improvements in cognitive capacity 

and increases in cognitive reserve through the lifespan.
223,227  

Higher education results in, or is at least 
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suggestive (i.e. proxy) of, greater “reserves” of cognitive capacity which is essential for mitigating 

the effect of AD-related pathological changes.
220,228,229  

Although subjects with high educational 

attainment can be afflicted with brain pathology indicative of AD, they may not exhibit the clinical 

characteristics of the disease.
220,221

  This is afforded by greater reserve which allows one to “function 

for longer in the presence of brain pathology than a person with lower reserve”.
220

 

The cognitive reserve theory is supported by studies which have reported the absence of or at least 

“fewer symptoms” among highly educated subjects despite the presence of pathological injury.
220,228

 

 The association between education and AD may also be explained by other factors.  Lower 

education, for example, is associated with putative risk factors for AD such as higher blood pressure 

and poorer nutrition.
230

  It is also hypothesized that the association between education and AD may 

be explained by intelligence, occupation and other aspects of socioeconomic status (page 156). 

Three moderate-quality systematic reviews
20,63,231

, which examined the association between 

education and risk of AD, were identified.  One review
36

, which scored two points on the AMSTAR 

assessment tool, was excluded due to low methodological quality.  A total of sixteen primary 

studies
74,76,114,232,233,234,235,236,237,238,239,240,241,242,243,286

 were included across the three moderate-quality 

systematic reviews.  Findings from these reviews are summarized below. 

 

a) Study: Caamano-Isorna et al.
231

 

Year: 2006 

AMSTAR score: 5 

 

The systematic review and meta-analysis by Caamano-Isorna et al. examined the association 

between educational attainment and risk of AD.
231

  A total of 14 studies were eligible for inclusion. 

Of these 14 studies, nine were cohort studies while five employed a case-control or nested case-

control design.  The cohort studies observed an aggregate of 1026 cases of AD (N=22724) during 

periods of follow-up ranging from one to 17 years.  The case-control and nested case-control studies 

included 804 cases and 4905 controls.  All 14 studies provided risk estimates comparing low 

education to high education.  However, eight studies
76,114,232,233,236,237,238,241

 categorized educational 

status into tertiles, namely, low, moderate, or high levels of education.  Included studies were 

heterogeneous with respect to the thresholds used to define each level of education.
231

  Methods of 

exposure ascertainment were not specified.  AD was consistently diagnosed according to the DSM-
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III, DSM-IV, or NINCDS/ADRDA in all but one
239

 study. Statistical heterogeneity across included 

studies was assessed according to the Ri and Q statistic.
231

  In the absence of heterogeneity, a fixed 

effects model was used to meta-analyze the data.  A random effects model was employed in the 

presence of statistical heterogeneity.  Publication bias was assessed by visual inspection of funnel 

plots and through a series of sensitivity analyses.
231

 

The reviewers conducted a meta-analysis comparing the risk of AD associated with the 

lowest level of educational attainment compared to the highest level of educational attainment.  The 

pooled analysis, combining results of 14 studies, suggested that the lowest level of educational 

attainment was associated with an increased risk of AD (RR: 1.80; 95% CI: 1.43, 2.27).  However, 

there was evidence of heterogeneity across the included studies (Ri statistic: 0.61; Cochrane Q 

statistic p-value: <0.0001).  To examine potential methodological sources of the observed statistical 

heterogeneity, the reviewers conducted a subgroup analysis stratified by study design.
231

  The pooled 

analysis of cohort studies detected an increased risk of AD associated with the lowest level of 

education (RR: 1.59; 95% CI: 1.35, 1.86; Ri statistic: 0.33; Cochrane Q statistic p-value: 0.157).  The 

pooled analysis restricted to case-control studies also yielded statistically significant findings.  

However, the derived risk estimate was greater in magnitude (RR: 2.40; 95% CI: 1.32, 4.38).  

Results of the pooled analysis of case-control studies is likely an overestimation of the association 

between low educational attainment and AD which can be attributed to methodological limitations 

and sources of bias inherent in the case-control study design.
71,98

  There was also evidence of 

heterogeneity across the included case-control studies (Ri statistic: 0.79; Cochrane Q statistic p-

value: 0.002). 

A total of eight studies provided risk estimates for moderate levels of educational attainment.  

According to the pooled analysis, the combined category of low and moderate levels of education 

was associated with a significant increased risk of AD compared to the highest level of education 

(RR: 1.44; 95% CI: 1.24, 1.67; Ri statistic: 0.47; Cochrane Q statistic p-value: 0.073).  The pooled 

risk estimate remained statistically significant when stratified by study design (Cohort studies - RR: 

1.32; 95% CI: 1.09, 1.59; Ri statistic: 0.61; Cochrane Q statistic p-value: 0.0550; Case-control 

studies - RR: 1.66; 95% CI: 1.30, 2.10; Ri statistic: 0.00; Cochrane Q statistic p-value: 0.515).   

Finally, visual inspection of funnel plots and sensitivity analyses showed no signs of publication 

bias.
231

 

Based on the available evidence, the reviewers concluded that low educational attainment 

was associated with an increased risk of AD.
231

  The analysis which combined the categories of low 
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and moderate levels of education yielded consistent findings suggesting an increased risk of AD 

attributed to low and moderate levels of education when compared to high educational attainment.
231

 

 

 

b) Study: Patterson et al.
63

 

Year: 2007 

AMSTAR score: 4    

 

The systematic review reported by Patterson et al. identified a single cohort study
236

 which 

was also included in the review reported by Caamano-Isorna
231

.  The study included 2356 subjects, 

151 of which developed AD.  The study reported a decreased risk of AD associated with lower 

educational attainment(<12 years versus. >15 years - RR: 0.48; 95% CI: 0.27 to 0.84).  No 

conclusions regarding the effect of education on risk of AD were drawn by the reviewers. 

 

 

c) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, identified one systematic review
231

 and two
242,243

 cohort studies which 

examined the association between educational attainment and risk of AD.  The cohort studies 

included in the systematic review reported by Caamano-Isorna et al.
231

 observed an aggregate of 

1026 cases of AD (N=22724) during periods of follow-up ranging from one to 17 years.  The two 

additional cohort studies identified by Williams et al.
20

 examined an aggregate of 2470 subjects over 

periods of follow-up ranging from one to 21 years.  One study
242

 reported 48 incident cases of AD.  

The number of incident cases observed was not reported in the second study. 

According to the findings of the identified systematic review by Caamano-Isorna et al.
231

, 

low levels of education were associated with an increased risk of AD.
20

  Findings from two cohort 

studies, published after the review by Caamano-Isorna et al.
231

, reported consistent findings (≥9 

years versus ≤5 years
242

- OR: 0.15; 95% CI: 0.05, 0.40.  ≤ High school versus graduate school
243

 - 
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OR: 41.48; 95% CI: 4.00, 42.40).  Based on the evidence provided by the included systematic review 

and cohort studies, the reviewers concluded that higher educational attainment was associated with a 

reduced risk of AD.
20

  However, the reviewers acknowledged that the strength of evidence was low. 

 

Discussion 

 

Findings from three moderate-quality systematic reviews, collating evidence from 16 

observational studies, suggested that lower levels of education, indicated by fewer years of 

education, was associated with an increased risk of AD.  Findings of the identified reviews were 

limited by heterogeneity across included studies with respect to the thresholds used to categorize 

levels of education.
231

 

As previously described, the association between education and AD may be attributed to or 

explained by occupation or other aspects of socioeconomic status.
220

  However, evidence suggests 

that these factors do not entirely contribute to the observed association.
220

  Using data from the 

Canadian Study of Health and Aging, McDowell et al. reported that education remained associated 

with AD even after adjusting for socioeconomic status and occupation.
220

  Education is also linked to 

other components of cognitive reserve, namely innate and acquired intelligence.
220

  More 

specifically, those with higher innate intelligence are more likely to “obtain more education, which 

in turn increases [intelligence]”.
244

  As such, the association between education and AD may be 

explained by intelligence.
220

  Results from the Canadian Study of Health and Aging suggested that 

while intelligence accounted for some of the association, education remained associated with AD 

independent of intelligence.
220

 

Issues relating to ascertainment error and other potential sources of bias must also be 

considered.  Although self-reported data may give rise to measurement error, ascertainment of 

educational background according to self-report is consistent with conventional research practice.
20

  

A potential explanation for the association posits that tools for outcome ascertainment may be 

inadequate (i.e. “insensitive”) for “[identifiying] impairment among those with high education”.
20

  

Results of the Canadian Study of Health and Aging did lend evidence to suggest that higher educated 

subjects tended to perform better on neuropsychological tests irrespective of cognitive status.
220

  

However, this did not entirely explain the increased risk of AD associated with lower educational 

attainment.
220
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Other explanations for the observed association, such as the potential for selection bias, must 

be considered.
220

  In cohort studies, selection bias occurs when refusal to participate or losses to 

follow-up are associated with both the exposure and outcome of interest.
245

  If loss to follow-up is 

associated with low education, as research suggests, and low education is associated with a higher 

risk of AD, differential loss to follow-up would likely bias the association between low education 

and risk of AD towards the null.
220

  According to the Canadian Study of Health and Aging, however, 

losses to follow-up did not explain the association.
220

 

Because the HTA relied on the earlier review by Caamano-Isorna et al.
231

, there is significant 

overlap across the two reviews.  Of particular interest is that the review by Patterson et al.
63

 failed to 

include all nine cohort studies captured by Caamano-Isorna et al.
231

, despite the similar range of 

years searched.  As described in several sections of the present report, low primary study overlap 

may be attributed to the search strategy (e.g. generic versus specific exposure search terms) as well 

as differences in the eligibility criteria across reviews.      

Overall, the available evidence is suggestive of a reduced risk of AD associated with higher 

educational attainment.  According to the cognitive reserve hypothesis, greater cognitive reserve 

attributed to or measured by higher education may postpone the onset of clinically detectable 

AD.
220.223

  Worse brain damage upon diagnosis and faster cognitive decline observed among those 

with higher education serve as evidential support for the cognitive reserve hypothesis.
220,246  

Whether 

educational attainment is a true risk factor for AD or a factor involved in the postponement of 

clinical symptoms is of continued debate.
221,231
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Table 17 – Educational attainment and risk of AD 

Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Caamano-

Isorna et 

al.
231

 

 

(2006) 

Amstar score: 
5 

 

Publication 

Bias Assessed, 

Test for 

Publication 

Bias, Result of 

test:   

 

(a) Publication 

Bias Assessed, 

Funnel Plot, No 

evidence of 

publication bias 

 

To investigate the 

association 

between 

education and 

Alzheimer's 

disease, non-

Alzheimer's 

dementia, and all 

dementias. 

All years 

up to 

October 

2005 

1. Medline 

2. Embase 

3. 

PsychInfo 

4. Scopus 

14 0 of 2 1. Low vs. High:  (RR: 

1.80; 95% CI: 1.43, 2.27; 

Ri statistic: 0.61; 

Cochrane Q p-value: 

<0.0001). 

 

2. Low vs. High – 

Cohort studies:  (RR: 

1.59; 95% CI: 1.35, 1.86; 

Ri statistic: 0.33; 

Cochrane Q statistic p-

value: 0.157) 

 

3. Low vs. High – Case-

control studies:  (RR: 

2.40; 95% CI: 1.32, 4.38; 

Ri statistic: 0.79; 

Cochrane Q statistic p-

value: 0.002). 

 

4. Low and Moderate 

vs. High: (RR: 1.44; 

Low 

educational 

attainment 

appears to 

increase risk 

of AD. 
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95% CI: 1.24, 1.67; Ri 

statistic: 0.47; Cochrane 

Q statistic p-value: 

0.0730) 

 

5. Low and Moderate 

vs. High – Cohort 

studies:  (RR: 1.32; 95% 

CI: 1.09, 1.59; Ri 

statistic: 0.61; Cochrane 

Q statistic p-value: 

0.055). 

 

6. Low and Moderate 

vs. High – Case-control 

studies:  (RR: 1.66; 95% 

CI: 1.30, 2.10; Ri 

statistic: 0.00; Cochrane 

Q p-value: 0.515). 

 

Patterson 

et al.
63

 

 

(2007) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To investigate the 

effect of several 

putative risk 

factors on the 

development of 

AD and other 

cognitive 

outcomes. 

1966 to 

December 

2005 

1. Medline 

2. Embase 

1 0 of 2 The only identified study 

reported a reduced risk of 

AD associated with more 

years of education (RR: 

0.48; 95% CI: 0.27 to 

0.84). 

No 

conclusions 

drawn by 

author. 

 

 Williams 

et al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

educational 

attainment 

To examine the 

effect of several 

factors on the risk 

of developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

2. 

Cochrane  

Database     

of  

Systematic  

Reviews 

2 (+relied 

on review 

by 

Caamano-

Isorna) 

Referent  Report identified one 

systematic review by 

Caamano-Isorna et al. 

and two cohort studies.  

The identified systematic 

review detected an 

increased risk of AD 

associated with low 

educational attainment 

High 

educational 

attainment 

appears to 

reduce risk of 

AD. 
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a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51

 

(see Caamano-Isorna et 

al. results summarized 

above for details). 

 

Both identified cohort 

studies detected an 

increased risk of AD 

associated with low 

levels of education. 
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3.13 Cognitive Leisure Activities 

 

The cognitive reserve hypothesis (see section 3.12) has also been suggested as a plausible 

mechanism to explain the putative beneficial effect of cognitively stimulating activities.
42,62

  Regular 

engagement in cognitively stimulating activities, as well as regular physical activity and social 

contact, constitute an “enriched environment” which is believed to enhance cognitive capacity and 

increase cognitive reserve.
247,248  

As previously described, the cognitive reserve hypothesis postulates 

that improvements in cognitive reserve allow for the postponement of AD-related symptomology 

irrespective of the degree of brain pathology.
220,228

  Engagement in cognitive activities facilitates 

neuroplasticity (i.e. “neurogenesis and synaptogenesis”) and increases cognitive reserve.
228,249  

Aside 

from delaying symptom onset, research also indicates that social engagement and participation in 

cognitive and physical activities can impact the etiological process by “[preventing or slowing] the 

accumulation of AD pathology”.
250

  Mitigation of stress afforded by such activities is a potential 

pathway by which AD is prevented.
62,251

 

A systematic search of the literature identified three moderate-
20,42,62

 and two low-
36,251 

quality systematic reviews which examined the association between cognitively stimulating leisure 

activities and subsequent risk of AD.   

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

The systematic review by Weih et al. examined the effect of cognitive leisure activities on 

the risk of developing AD.
62

  In the event that a systematic review was identified, reviewers 

indicated that “further literature search was stopped”.  The reviewers identified one
251

 systematic 

review.  As such, it appears that Weih et al. relied on five primary studies
252,253,254,255,256

 captured in 

the identified review.  One
252

 of the studies solely reported on all-cause dementia.  The remaining 

four studies observed an aggregate of 464 cases of AD (N=3877) over a follow-up period ranging 

from 2.9 to five years.  The exposures under examination in each of the included primary studies 

were not adequately described by Weih et al.  All four primary studies reporting on risk of AD 

associated with cognitive leisure activities detected a statistically significant association (Scarmeas et 
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al.
253

– RR: 0.62; 95% CI: 0.46, 0.83.  Wilson et al.
254

 – OR: 0.36; 95% CI: 0.20, 0.65.  Wilson et 

al.
255

– HR: 0.67; 95%CI: 0.49, 0.92.  Verghese et al.
256

- HR: 0.93; 95% CI: 0.90, 0.97).  The 

reviewers concluded that an “active, mentally challenging, and social lifestyle might protect against 

cognitive decline and possibly also AD”.
62

 

 

 

b) Study: Stern et al.
42

 

Year: 2010 

AMSTAR score: 5 

 

The systematic review by Stern et al. examined the effect of early-, middle-, and late-life 

participation in cognitive leisure activities on the risk of AD.
42

  For the purpose of the review, 

cognitive leisure activities were defined as those “[requiring] a mental response from the person 

taking part in the activity”.
42

  Relevant activities included “reading, watching movies, playing board 

games, playing musical instruments”.
42

  Among the included studies, exposure status was ascertained 

according to self-reported responses.  AD was diagnosed according to the NINCDS-ADRDA or 

DSM criteria.  Identified studies were quality assessed according to the Joanna Briggs Institute (JBI) 

checklist for cohort/case–control designs.
42

  Methodological heterogeneity across the included 

studies precluded a meta-analysis.
42

   Five case-control studies, which included an aggregate of 759 

cases and 1461 controls, were included.  One cohort study
262

 reported both a five-year and 10-year 

follow-up in which 92 (N=3024) and 81 (N=1203) new cases of AD were identified, respectively.  

The remaining five cohort studies observed an aggregate of 554 cases of AD (N = 4652) over a 

period of follow-up ranging from 2.9 to five years.  Four of the studies
253,254,255,256

 included in the 

review were also captured in the earlier review reported by Weih et al.
62

 

Five case-control studies
257,258,259,260,261

 and one cohort study
262

 examined the association 

between early and midlife (20 to 60 years of age) participation in cognitive leisure activities and risk 

of AD. All six studies found a statistically significant or marginally significant association between 

AD and at least one domain of cognitive leisure activity or with cognitive leisure activities 

considered as an all-encompassing category.
42

  Frequent engagement in cognitive leisure activities 

was associated with an increased risk of AD according to three studies (Non-occupational 

activities
257

 - OR: 3.85; 95% CI: 2.65, 5.58.  Reading
261

- OR: 9.60; 95% CI: 4.20, 21.90. Reading 
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and writing
262

- RR: 4.18; 95% CI: 2.44, 7.15).  Regular engagement in mentally stimulating 

activities during midlife was associated with a reduced risk in three studies (Novelty seeking 

activities
258

 - OR: 0.25; 97.5% CI: 0.14, 0.44.  Activities involving discussion of ideas
258

 - OR: 0.70; 

97.5% CI: 0.47, 1.03.  Intellectually stimulating activities
260

 - OR: 0.84; 95% CI: 0.72, 0.98.  Leisure 

activities
259

 - OR: 0.54; 95% CI: 0.29, 1.00).  One of two studies reported an association between 

television watching and AD (Per hour increase
260

 - OR: 1.32; 95% CI: 1.08, 1.62.  Not watching 

television
262

 - RR: 1.53; 95% CI: 0.82, 2.85). 

A total of five
253,254,255,256,263

 cohort studies, which examined the association between late-life 

participation (≥65 years of age) in cognitive leisure activities and risk of AD, were eligible for 

inclusion in the systematic review.  All five studies reported a reduced risk of AD associated with 

frequent engagement in cognitive leisure activities in late-life (One-point increase in cognitive 

activity score
255

 - HR: 0.67; 95% CI: 0.49, 0.92.  One-point increase in cognitive activity score
254

 - 

OR: 0.36; 95% CI: 0.20, 0.65. One-point increase in cognitive activity score
256

 – HR:0.93; 95% CI: 

0.90, 0.97.  Frequent participation in cognitive activities
263

 - HR: 0.58; 95% CI: 0.44, 0.77.  

Frequent participation in cognitive activities
253

 – RR: 0.62; 95%CI: 0.46, 0.83). 

Based on the available evidence, the reviewers concluded that mid- and late-life participation 

in cognitive leisure activities was associated with a reduced risk of AD.
42

 

 

 

c) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA) reported by Wilson et al. examined the 

association between participation in cognitive leisure activities and risk of AD.
20

  Four
255,256,263,264 

cohort studies were identified and included in the review.  These studies observed an aggregate of 

367 cases of AD (N = 7723) over a duration of three to five years.  Cognitive leisure activities 

included, but were not limited to, reading, watching television, playing a musical instrument, and 

playing games (e.g. chess, checkers, puzzles, board games, cards).
20

  Exposure status was ascertained 

according to self-report.
20

  AD was consistently diagnosed according to NINCDS-ADRDA and DSM 

criteria.
20

  All studies reported a statistically significant reduced risk of AD associated with regular 
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engagement in cognitively stimulating activities (RRs for three studies
255,256,263

 presented in sections 

a and/or b.Highest tertile of activity
264

 – HR: 0.39; 95% CI: 0.21 to 0.71).  Based on the available 

evidence, the reviewers concluded that the evidence was suggestive of a reduced risk of AD 

associated with frequent participation.
20

 

 

 

Discussion 

 

According to evidence summarized in three moderate-quality systematic reviews, increased 

participation in cognitive leisure activities appears to be associated with a reduced risk of AD.  Due 

to primary study overlap, results of the systematic reviews are non-independent.  The extent of 

primary study overlap is summarized in Table 18.  The most recent review with the highest number 

of included studies served as the referent
42

.  The referent review
42

 included the greatest number of 

studies as both cohort and case-control studies were eligible for inclusion.  The remaining reviews 

restricted inclusion to cohort studies.  The referent review captured all four studies included by Weih 

et al.
62

and three of four studies included by Williams et al.
20

 

Results of these reviews are limited by potential sources of bias in the primary studies.  

Although the use of proxy informants is often a necessity in AD research, data collected by proxy 

informants may contribute to recall error.
42,72

  Secondly, the reviews are limited by heterogeneity 

across the included studies with respect to the definition of the exposure and the types of cognitive 

activities analyzed.
20,42

  Thirdly, variability in the degree of confounding adjustment across the 

included studies may have given rise to methodological heterogeneity.
42

  More specifically, there 

was heterogeneity across included observational studies with respect to the controlled covariates and 

the rigor of confounding adjustment.
42

  Results of the reviews may also be limited by the potential 

for reverse causation.
42

   Rather than causing AD, infrequent participation in cognitive activities may 

be a result of cognitive impairment due to “preclinical dementia”.
42

  That is, presence of preclinical 

dementia may alter exposure status. Those with preclinical AD or dementia may reduce the 

frequency at which they participate in cognitive leisure activities due to the onset of memory and 

cognitive deficits.
42

   Consequently, studies which fail to adequately exclude participants with 

preclinical dementia are susceptible to bias due to reverse causation.
42

  A number of studies 

accounted for this bias thereby minimizing the potential for reverse causation.
42
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The association between cognitive activity and risk of AD may also be explained by higher 

educational attainment or intelligence.
265

  However, research suggests that “higher educational and 

occupational attainment and leisure activities” are independently associated with cognitive reserve 

and AD.
220,250

  For example, in the Canadian Study of Health and Aging, never working was 

associated with an increased risk of AD as compared to employment in cognitively stimulating 

occupations (i.e. “managerial or professional positions”) among highly educated subjects.
220

  Other 

studies have also suggested that educational attainment does not entirely explain the association 

between cognitive activities and AD.
265

 

Overall, the available evidence suggests that frequent participation in cognitive leisure 

activities may be associated with a reduced risk of AD.  However, these findings are derived from 

observational studies which are susceptible to several sources of bias.
42

  Large scale randomized 

controlled trials are warranted to validate these findings.
42

  Finally, while the evidence shows an 

association, participation in leisure activities may delay the onset or “expression” of clinical 

symptoms rather than prevent the etiological process.
220,228,249
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Table 18 – Cognitive leisure activities and risk of AD 

Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for 

Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included in 

Search 

Strategy 

Databases Searched Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar 

Score: 6 

 

Publication 

Bias Assessed: 

No 

 

To investigate 

the effect of 

several putative 

risk factors on 

the 

development of 

AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane   

    Database 

4. Current  

    Contents 

 

4 4 of 11 Identified one 

systematic review.  

Relied on five cohort 

studies (four reporting 

on AD) which were 

reported in the 

identified review.  All 

four studies reported a 

statistically significant 

association. 

An “active, 

mentally 

challenging, and 

social lifestyle 

might protect 

against cognitive 

decline and 

possibly also 

AD”.
62

 

Stern et 

al.
42

 

 

(2010) 

Amstar score: 
5 

 

Publication 

Bias Assessed:  
No 

 

 

To investigate 

the association 

between 

participation in 

cognitive 

leisure activities 

and AD risk. 

All years 

from 

inception of 

databases to 

September 

2008 

1.  Medline 

2. PubMed 

3. Embase 

4. Cinahl  

5. PsychInfo 

6. Cochrane Central 

Register of 

Controlled Trials 

(CENTRAL) 

7. EBM Reviews 

8. Current Contents 

9. Education 

Resources 

11 Referent  1. Midlife 

participation: 

All six studies found a 

statistically significant 

or marginally 

significant association 

between cognitive 

leisure activities and 

risk of AD.   

 

2. Participation in 

late-life: 

All three studies 

Middle and late-

life participation 

in cognitive 

leisure activities 

“may be 

beneficial in 

preventing the 

risk of 

Alzheimer’s 

disease..” 



155 

 

 

 

 

 

a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51

Information Center 

(ERIC) 

10. Austhealth, 

Health Source: 

Nursing/Academic 

Edition 

11. Scopus 

12. Ageline 

13. Scirus 

14. Proquest 

Dissertations and 

Theses 

15. Index to Theses 

16.  The Networked 

Digital Library of 

Theses and 

Dissertations 

(NDLTD) 

17. Theses Canada 

 

(reporting on AD) 

consistently reported 

that frequent 

engagement in 

cognitive leisure 

activities in late-life 

was protective against 

the development of 

AD. 

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

cognitive 

activities 

To examine the 

effect of several 

factors on the 

risk of 

developing AD. 

1984-

October 27, 

2009 

1. Medline 

2. Cochrane  

    Database     

    of  

   Systematic  

    Reviews 

4 3 of 11 All four studies 

consistently detected a 

statistically significant 

reduced risk of AD 

associated with 

frequent participation 

in cognitive leisure 

activities 

Increased 

participation in 

cognitive leisure 

activities was 

associated with a 

reduced risk of 

AD. 
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3.14 Physical Activity 
 

Several biological mechanisms have been hypothesized to explain the putative protective 

effect of physical activity against the development of AD.
266

  Firstly, physical activity mitigates the 

neurodegenerative effect of vascular risk factors for AD, namely, hypertension and obesity.
266,267

  

There is also evidence to suggest that engagement in physical activity exerts anti-inflammatory 

benefits and may reduce beta-amyloid plaque formation, both pathological attributes of AD.
266,267

   

Finally, as a component of an “enriched environment”, physical activity is believed to produce 

neuroplastic alterations in the brain.
247,248

  There is evidence to suggest that physical activity 

promotes increases in brain volume, particularly in regions associated with AD (i.e. prefrontal and 

hippocampal areas).
268

  Increases in capillary volume have also been noted in animal models.
269

  

Activity induced neuroplastic changes are linked with increases in cognitive reserve which results in 

the delayed onset of AD-related symptomology.
228,249

 

A review of the literature identified fifteen eligible systematic 

reviews
20,36,59,60,62,63,64,251,266,267,270,271,272,273,274

.  Six reviews
36,59,60,251,271,274

, one
36

 of which was an 

overview of reviews, were deemed to be of low methodological quality according to the AMSTAR 

criteria.  Data was abstracted from nine moderate quality systematic reviews and results were 

qualitatively synthesized.   

 

 

a) Study: Podewils
270

 

Year: 2003 

AMSTAR score: 7 

 

The effect of physical activity on risk of all-cause dementia, AD, and vascular dementia was 

examined in the systematic review and meta-analysis by Podewils.
270

  Studies were identified 

through a database search of Medline, Cinahl, and PsycINFO.  The search was supplemented with 

handsearching of journals and reference lists of pertinent studies.
270

  Duplicate, independent study 

screening and data extraction was conducted to minimize the potential for bias and transcription 

error.  The methodological quality of included studies was examined according to a number of 

criteria, namely: sampling strategy, methods for exposure/outcome assessment, adequacy of 

confounding adjustment, and appropriateness of the statistical analyses.
270

  Statistical heterogeneity 



157 

 

 

 

 

 

was examined and studies were pooled according to the random effects model in the presence of 

significant heterogeneity.
270

  Otherwise, a fixed effects model was employed.  If studies reported on 

the risk of all-cause dementia, the reviewers used this data in the analysis of AD.  Pooled risk 

estimates were stratified by methodological design.  Publication bias was assessed according to 

visual inspection of funnel plots.
270

 

Five cohort
74,275,276,277,278

, two nested case-control
279,280

,  and four case-control 

studies
101,257,261,281

 were eligible for inclusion.  The cohort studies observed an aggregate of 734 cases 

of dementia/AD (N=7056) over a period of follow-up ranging from 2.9 to seven years.  The two 

nested case-control studies included an aggregate of 313 cases and 3930 controls.  The four case-

control studies included a total of 502 cases of dementia/AD and 1006 controls.  Studies were 

heterogeneous with respect to the definition (i.e. type, frequency, intensity) and categorization of the 

exposure under study.
270

  Dementia and AD were consistently diagnosed according to the DSM and 

NINCDS-ADRDA criteria.  To improve appropriateness for pooling, the active versus inactive 

comparison was considered.
270

  According to the random effects meta-analysis, physical activity was 

protective for AD according to analyses restricted to cohort and case-control studies, respectively 

(Cohort studies - RR: 0.59; 95% CI: 0.42, 0.77; Case-control studies - OR: 0.24; 95% CI: 0.09, 

0.60).  Visual inspection of funnel plots indicated the presence of publication bias.
270

  Statistical 

methods to address the presence of bias were not employed.  

Based on the available evidence, the reviewer concluded that engagement in physical 

activity protected against AD.
270

  The review was limited by sources of methodological 

heterogeneity across studies with respect to the type, frequency, duration, and categorization of 

physical activity.
270

  Secondly, the review was susceptible to publication bias.  The combination of 

studies reporting on all-cause dementia with those specifically examining AD must also be 

considered.
270

  All-cause dementia is a broad category which can encompass cognitive impairments 

of various etiologies.
270

  Consequently, the derived pooled risk estimates were not specific to AD.
270

  

Finally, as noted by the reviewers, a number of studies failed to consider the effect of APOE e4 

status.
270

 

  

b) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 
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The systematic review by Weih et al. involved a search of Medline, Embase, Current 

Contents, and the Cochrane database.
62

  The search was supplemented by a review of 

www.clinicaltrialresults.org and of reference lists of pertinent papers. The review was restricted to 

longitudinal studies of disease-free populations.
62

 The Oxford Centre for Evidence-based Medicine 

criteria, which evaluates the strength of evidence for a given risk factor based on the methodological 

design of available studies, was used.
62

  A pooled analysis was not attempted. 

The effect of physical activity on AD risk was investigated in seven studies reported in eight 

publications
74,76,278,280,282,283,284,285

.  Six cohort studies observed 705 cases of AD (N=8053) over a 

follow-up period ranging from 4.1 to seven years.  The remaining publications
76,280

 reported on a 

nested case-control study which included 194 cases and 3894 controls.  Exposure status was 

consistently ascertained according to self-reported responses to an interview or questionnaire.
62

  

Further detail pertaining to the specific definitions of physical activity employed in the primary 

studies was not reported in the review. The DSM (III-R/IV) and/or the NINCDS-ADRDA criteria 

were used for outcome ascertainment. Two studies, reported in three publications, reported a reduced 

risk of AD associated with physical activity (Physical activity
74

– RR: 0.20; 95% CI: 0.06, 0.68.  

Physical activity
76

 - RR: 0.69; 95% CI: 0.50, 0.96.  ≥3 times/week
280

– RR: 0.50; 95% CI: 0.28, 0.90).  

Five of the remaining studies reported risk estimates below 1.00.  However, results failed to reach 

statistical significance (Highest quartile
278

– RR: 0.61; 95% CI: 0.35, 1.05.  Weekly hours of physical 

activity
284

 – RR: 1.04; 95% CI: 0.0.98, 1.10. >16 points versus <9 points on physical activity scale
285

 

– RR: 1.27; 95% CI: 0.78, 2.06.  >1657 kcal/week
282

 – RR: 0.70; 95% CI: 0.44, 1.13. ≥3 

times/week
283

– RR: 0.69; 95% CI: 0.45, 1.05).  The reviewers concluded that “physical activity may 

reduce AD risk”.
62

 

 

 

c) Study: Patterson et al.
63

 

Year: 2007 

AMSTAR score: 4 

 

The systematic review conducted by Patterson et al. examined the effect of several putative 

risk factors on the development of AD and other cognitive outcomes including unspecified and 

vascular dementia.
63

  Studies were located using a search of Medline, Embase, and by reviewing the 

reference list of pertinent studies. Studies excluded by the primary reviewer were verified by three 
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reviewers.
63

  Duplicate, independent quality assessment and data extraction were carried out. 

Longitudinal studies deemed to be of “fair” or “good” quality were eligible for inclusion.
63

  

Methodological quality was ascertained according to several criteria pertaining to the sampling 

strategy, exclusion of prevalent cases at baseline, completeness of follow-up, methods for 

exposure/outcome ascertainment, degree of confounding adjustment, and adequacy of the statistical 

analysis.
63

 

Two studies reported in three publications
76,280,282

 examined the association between physical 

activity and risk of AD.  Two publications reported on a nested case-control study which included 

194 cases and 3894 controls.  The remaining cohort study observed 245 cases of AD (N=3375) over 

a follow-up of 5.4 years.  Both studies reported a reduced risk of AD associated with regular or high 

levels of physical activity (≥4 activities
282

 – RR: 0.55; 95% CI: 0.34, 0.88.  RRs for two 

publications
76,280

 presented in section b).  The reviewers concluded that these results are suggestive 

of a reduced risk of dementia associated with physical activity.
63

 

 

 

d) Study: Rolland et al.
272

 

Year: 2008 

AMSTAR score: 4 

 

The effect of physical activity on risk of AD and other cognitive outcomes was reviewed by 

Rolland et al.
272

  Studies were identified through a search of PubMed, Medline and BIOSIS.
272

  The 

search was also supplemented by handsearching the relevant literature.
272

  Inclusion was limited to 

longitudinal studies written in English.
272

  A pooled analysis was not attempted.  The methodological 

quality of identified studies was not examined.  The presence of publication bias was not assessed. 

Ten studies reported in eleven publications
74,76,125,276,280,283,285,286,287,288,289  

reported on the 

effect of physical activity on the risk of developing AD, although risk estimates specific to AD were 

not specified for a majority of studies. Nine cohort studies observed an aggregate of 735 cases of AD 

(N=11207) over a period of follow-up ranging from 2.9 to 30 years.  The remaining two 

publications
76,280

 reported on a nested case-control study which included 194 cases and 3894 

controls.  The reviewers also identified one study
282

 which reported on AD although the reviewers 

solely presented data pertaining to dementia.  Six studies
74,76,125,283,287,289

 reported on the effect of 

physical activity treated as a broad category and three studies
276,285,288

 reported on the effect of a 
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specific measure of physical activity, namely, walking and dancing.  One study
286

 reported on the 

effect of occupational attainment. It is assumed that the reviewers used occupational attainment as an 

indicator of physical activity. 

 Seven of the ten studies reported a statistically significant association between physical 

activity, or at least one measure of activity, and risk of AD/dementia.
272

  Of the seven studies, five 

reported a reduced risk of AD associated with regular engagement in physical activities (Walking
276

- 

RR: 0.73; 95% CI: 0.55, 0.98.  Dancing
285

 – HR: 0.24; 95% CI: 0.06, 0.99.  Physical activity
289

- OR: 

0.38; 95% CI: 0.17, 0.85.  RRs for two studies
74,76

 presented in section b).  One study each reported 

an increased risk of dementia or AD associated with low occupational attainment
286

 (assumed to 

serve as an indicator of activity) or lower levels of walking
288

 (Low occupational attainment
286

 - RR: 

2.25; 95% CI: 1.32, 3.84.  Walking <0.25 miles/day
288

–RH for dementia: 1.77; 95% CI: 1.04, 3.01).  

The remaining three studies failed to detect a statistically significant reduced risk of AD associated 

with physical activity (RR for two studies not reported in the review
125,287

.  RR for remaining study
283

 

presented in section b).  Based on the available evidence, the reviewers concluded that physical 

activity was associated with a protective association against the development of AD and dementia.
272

 

 

 

e) Study: Hamer et al.
266

 

Year: 2009 

AMSTAR score: 6 

 

The effect of physical activity on the development of AD, all-cause dementia, and 

Parkinson’s disease was reviewed by Hamer et al.
266

  Studies were retrieved from a Medline, 

Cochrane Database of Systematic Reviews, and Web of Science database search.  The search was 

also supplemented by handsearching relevant articles.  The review was restricted to prospective 

cohort studies published between 1990 and 2007 that ascertained exposure status at baseline. 

Methodological quality was examined according to the appropriateness of the methods used for 

exposure ascertainment and the adequacy of confounding adjustment.
266

  Heterogeneity across 

studies was examined according to the Cochrane Q-test and results were pooled according to the 

random effects model.  Publication bias was explored using funnel plots and Begg’s asymmetry 

test.
266
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Six studies
74,280,282,284,288,289

 were eligible for inclusion in the pooled analysis for AD.  One 

study
280

 employed a nested case-control design in which 194 cases and 3894 controls were included 

in the analysis.  The remaining studies were cohort studies which observed an aggregate of 603 cases 

of AD (N=8749) during follow-up periods ranging from 4.1 to 21 years.  Studies were heterogeneous 

with respect to the definition of the exposure variable.  The exposure of interest was broadly defined 

in five studies while the remaining study
288

 specifically examined the effect of walking. Studies also 

varied with respect to the duration, frequency and/ or intensity of physical activity under study.
266

   

Five of six studies reported risk estimates below 1.00 for the highest category of physical 

activity.  The definition of high physical activity varied across studies.  Across studies, high physical 

activity was defined as participation in activities two times per week, participation in vigorous 

activities three times per week, daily physical activity, walking greater than two miles per day, or 

five hours of activity per week.
266

  Results of the random effects meta-analysis suggest that the 

highest category of physical activity engagement was associated with a 45% reduced risk of AD 

(RR: 0.55; 95% CI: 0.36, 0.84).  Studies were statistically heterogeneous (Test for heterogeneity: x
2
 

= 29.12, p< 0.001).  Subgroup analysis revealed that the association was more pronounced in 

methodologically rigorous studies.  However, risk estimates for the subgroup analysis were not 

reported for AD.
266

  Finally, there was no indication of publication bias (p>0.10).
266

  Overall, the 

reviewers concluded that physical activity was associated with a reduced risk of AD.
266

 

 

 

f) Study: Stern et al.
267

 

Year: 2009 

AMSTAR score: 6 

 

The systematic review by Stern et al. examined the effect of physical leisure activities on 

the prevention of all-cause dementia and AD.
267

  Studies were identified through an extensive 

database search (n=12) including, but not limited to, Medline, Cinahl, Embase, and Cochrane 

CENTRAL.
267

  The search was supplemented by a grey literature search (e.g. theses and 

dissertations) and a handsearch of the citations list of pertinent articles.  Randomized controlled trials 

and observational studies (case-control, cohort, and cross-sectional) reporting on the effect of 

physical activities in preventing cognitive outcomes among elderly subjects were eligible for 

inclusion.
267

  Methodological quality was assessed according to the Joanna Briggs Institute 
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instrument which considers population characteristics, completeness of follow-up, potential for bias, 

appropriateness of statistical techniques, and adequacy of confounding adjustment.
267

  Heterogeneity 

across studies precluded a pooled analysis and the presence of publication bias was not explored.
267

 

Two case-control
257,261

, one nested case-control study
280

, and 10 cohort 

studies
262,276,278,282,283,284,285,288,289,290

 reporting on the risk of AD were eligible for inclusion. The nested 

case-control study
280

 included 194 AD cases and 3894 controls.  The case-control studies included an 

aggregate of 253 cases and 478 controls.  One cohort study
262

 reported both a five-year and 10-year 

follow-up in which 92 (N=3024) and 81 (N=1203) new cases of AD were identified, respectively.  

The remaining nine cohort studies observed an aggregate of 1190 cases of AD (N= 15839) over a 

period of follow-up ranging from 2.9 to 31 years. 

Three studies
280,289,290

 examined the effect of physical activity as a broadly defined category.  

The remaining studies investigated the effect of a heterogeneous list of activities including, but not 

limited to, sports, gardening, walking, jogging, golfing, swimming, housework, and cycling.
267

  Eight 

studies
280,278,282,283,284,285,289,290

 reported on the frequency of participation and four
257,280,282,289

 

considered the intensity of physical activity.  Four studies
257,261,289,290

 reporting on the risk of AD 

examined the effect of activities engaged in during midlife.  One study
257

 reported on the effect of 

participation in early adulthood.  The remaining studies reported on late-life physical activities.  All 

studies employed acceptable criteria for outcome ascertainment; however, the specific instrument 

used in each study was not specified in the review.
267

 

The only study
257

 that reported on activities during early adulthood determined that cases were 

less likely to have engage in a range of activities when compared to controls suggesting that 

“physical diversity” in early adulthood may reduce risk of AD (OR: 2.67; 95% CI: 1.85, 3.85).
267

  

With respect to activities engaged in during midlife, three of the four studies reporting on the risk of 

AD detected a protective association (Regular activity
290

 - OR: 0.34; 95% CI: 0.16, 0.72. OR for one 

study
261

 not reported in review. OR for one study
289

 presented in section d).  Finally, one case-control 

study
257

 failed to detect an associated between AD and participation in physical activities in midlife 

(OR not reported in review). 

Six of the nine studies reporting on the risk of AD associated with late-life engagement in 

physical activities detected an association between the variables of interest (RRs for four 

studies
280,276,282,285

 reported in sections b and d).  Of the six studies, two reported an increased risk of 

AD associated with low physical activity or a sedentary lifestyle (RR for one study
262

 not reported in 

review.  RH for one study
288

 reported in section d).  For one study
283

, reviewers reported the risk 
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estimate corresponding to dementia but not AD.  According to data presented in other reviews
62,272

, 

results of the study
283

 were not suggestive of an association with AD. The remaining three 

studies
278,283,284

 failed to detect an association between late-life engagement in physical activity and 

risk of AD (RRs presented in section b). 

Considered cumulatively, the reviewers concluded that the available evidence did not 

consistently support a reduced risk of AD and all-cause dementia associated with physical activity 

participation.
267

  When the analysis was restricted to studies reporting on risk of AD specifically, 

three of four and six of nine studies reporting on midlife and late-life physical activities, respectively, 

detected an association.  Results of the review are limited by sources of bias inherent in 

observational studies as well as heterogeneous (i.e. type, frequency, intensity) and often broad 

definitions of physical leisure activities.
267

  A majority of studies controlled for the effect of 

potentially confounding variables, however, the degree or rigor of confounding adjustment varied 

across studies.
267

 

 

 

 

g) Study: Lee et al.
64

 

Year: 2010 

AMSTAR score: 4 

 

Lee et al. systematically reviewed the literature for longitudinal, community-cohort studies 

which examined the risk of AD associated with physical activity among elderly subjects (≥65 

years).
64

  Inclusion was restricted to studies of high methodological quality, which was established 

according to an assessment of several criteria, namely, sampling strategy, methods for 

exposure/outcome ascertainment, degree of confounding adjustment, and completeness of follow-

up.
64

 

Studies varied with respect to the definition (i.e. type, frequency, duration) and 

categorization of the exposure variable.  Six publications
133,282,283,288,291,292 

reported on the association 

between physical activity and AD.  Two publications reported on the Cardiovascular risk factors, 

Aging and Incidence of Dementia (CAIDE) study
133,292

 and two reported on the Honolulu-Asia 

Aging Study (HAAS)
288,291

. The CAIDE study
133,292

 included 1449 subjects, 48 of which were 

diagnosed with AD over 21 years of follow-up. Studies reporting on the HAAS cohort
288,291

 reported 
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83 and 101 incident cases of AD (N = 2257 or 2263) over six years of follow-up. The remaining two 

studies
282,283

 examined 4994 subjects with an aggregate of 352 cases of AD identified over 5.4 to 6.2 

years of follow-up. 

Of the six included publications, four reported a statistically significant association.  Two 

studies detected a reduced risk of AD associated with high levels of physical activity (RR for one 

study
282

presented in section d.  RR for second study
291

 not reported in review).  Two studies reported 

a statistically significant increased risk of AD associated with sedentariness and low levels of 

walking, respectively (RR for one study
133

 not reported in review.  Walking<0.25 miles/day
288

 – RH 

for AD: 2.21; 95% CI: 1.06, 4.57).  Regular exercise (≥ 3 times/week)
283

 and occupational physical 

activity (“total daily commuting physical activity”)
292

 were not related to AD according to the 

remaining studies (RR for one study
283

 presented in section b.  RR for second study
292

 not reported in 

review).  Based on the identified evidence, the reviewers concluded that physical activity appeared to 

“confer some protection against cognitive decline and dementia”.
64

 

 

 

h) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 

 

The Health Technology Assessment (HTA), prepared for the US Agency for Healthcare 

Research and Quality, reviewed the available literature to examine the association between physical 

activity and subsequent risk of AD.
20

  Medline and the Cochrane Database of Systematic Reviews 

were searched to identify relevant systematic reviews.
20

  Identification of a methodologically sound 

systematic review was supplemented by a search of the literature to identify primary studies 

published after the given review (up to October 2009).
20

  The quality of systematic reviews was 

examined according to criteria pertaining to the search strategy, eligibility criteria, quality 

assessment, statistical analyses, and the rigor to minimize bias.
20

  Primary studies were quality 

assessed according to criteria put forth by the Agency for Healthcare Research and Quality (AHRQ), 

which takes into account the sampling strategy, methods for exposure/outcome ascertainment, degree 

of confounding adjustment, suitability of the statistical analyses, and thoroughness of reporting.
20
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 No systematic reviews satisfied the eligibility criteria.  Therefore, the reviewers relied solely 

on primary studies.
20

  Twelve studies
74,211,280,282,283,285,288,289,290,292,293,294

 were identified.  Two studies, 

which recruited subjects from the same cohort, reported 76 and 48 incident cases of AD (N= 1449) 

over 21 years of follow-up.
289,292

  One study
280

 employed a nested case-control design including 194 

AD cases and 3894 controls.  In the remaining nine cohort studies, an aggregate 1194 cases of AD 

(N = 20122) were observed during periods of follow-up ranging from 3.9 to 31 years. 

Three
289,290,292

 studies examined the effect of participation in physical activities during midlife while 

the remaining studies examined activities undertaken in late-life.
20

  Studies were heterogeneous with 

respect to the type of physical activity under investigation.  While some studies examined the effect 

of physical activity as a broadly defined category, others examined the effect of a heterogeneous list 

of activities including, but not limited to, gardening, walking, jogging, golfing, swimming, 

housework, and cycling.
20

  A clinical diagnosis of AD was achieved according to the DSM and/or 

NINCDS-ADRDA criteria in all studies.  

Nine studies
74,211,282,283,285,288,289,293,294

 were eligible for inclusion in a pooled analysis.  Six of 

the nine studies included in the pooled analysis reported risk estimates below 1.00.  The pooled 

analysis detected a reduced risk of AD associated with physical activity (HR: 0.72; 95% CI: 0.53, 

0.98).
20

  However, there was evidence of statistical heterogeneity across studies (Q = 23.25, p = 

0.003, I
2
 = 66%).  With respect to the remaining three studies that were excluded from the pooled 

analysis, all detected a reduced risk of AD associated with moderate and/or high levels of physical 

activity.  Based on the available evidence, the reviewers concluded that the identified evidence was 

suggestive of a reduced risk of AD associated with engagement in physical activities.  As stated by 

the reviewers, the evidence was most convincing for high levels of activity.
20

 

 

 

i) Study: Weih et al.
273

 

Year: 2010 

AMSTAR score: 5 

 

The effect of physical activity on risk of developing AD was reviewed by Weih et al.
273

  

Studies were retrieved through a search of Medline and via handsearching the bibliographies of 

pertinent literature.  Inclusion was restricted to prospective cohort studies which provided sufficient 

detail pertaining to the methods employed for exposure and outcome ascertainment.  Furthermore, 
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only studies reporting risk estimates comparing active vs. inactive or low vs. high activity levels 

were considered.  Physical activity was consistently ascertained according to self-reported responses 

to a questionnaire.  Further detail pertaining to the specific definition of physical activity employed 

in the primary studies was not provided in the review.  Methods employed for outcome 

ascertainment were not specified.  Methodological quality of included studies was not examined.  

Heterogeneity across studies was evaluated according to the chi-squared test and I
2
 index.

273
  Results 

were pooled according to fixed and random effects models and the presence of publication bias was 

assessed according to visual inspection of funnel plots.
273

 

Six studies
76,211,282,288,289,294

 satisfied the inclusion criteria.  As reported by the reviewers, an 

aggregate of 271 cases (N = 10 380) as observed during periods of follow-up ranging from 3.9 to 21 

years.
273

  Five of six studies reported a statistically significant reduced risk of AD associated with 

high physical activity when compared to no or low levels of activity.  The remaining study reported a 

risk estimate below 1.00, although it failed to reach statistical significance.  According to the random 

effects meta-analysis, compared to sedentariness or low physical activity, engagement in high 

physical activity was associated with a reduced risk of AD (RR: 0.59; 95% CI: 0.50, 0.69).  There 

was no evidence of statistical heterogeneity across studies (Test for heterogeneity: x
2
 = 1.84, df = 5, 

p = 0.87).  Although publication bias was evaluated, results of the assessment were not reported.  In 

light of the meta-analytic results, the reviewers concluded that physical activity was associated with 

a reduced risk of AD.
273

 

 

 

Discussion 

 

Although not unanimous, the available evidence collated in moderate quality systematic 

reviews is suggestive of a reduced risk of AD associated with higher levels of physical activity.  

Despite methodological heterogeneity across reviews with respect to the comprehensiveness of the 

search strategies, rigor to minimize the potential for bias (i.e. duplicate, independent screening and 

data abstraction), and rigidity of the eligibility criteria, eight of nine identified systematic reviews 

concluded that engagement in physical activities was associated with a reduced risk of AD.  

Furthermore, all but two
267,270

 of the reviews were restricted to longitudinal studies which further 

validates the observed association. 
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Important study- and review-level limitations warrant a cautious interpretation of the results.  

Firstly, when experimental studies are lacking, systematic reviews are limited by sources of bias 

inherent in observational studies.
267,272

  Studies that require subjects to recall past exposures, 

particularly those that employ proxy informants, are prone to recall bias
71,72,267

  Longitudinal cohort 

studies that fail to exclude cognitively impaired subjects at study outset are susceptible to reverse 

causality as physical activity levels may alter as a result of cognitive impairment.
93,267,272

  As noted 

by a number of reviewers, a majority of the available studies relied on exposure status ascertained 

solely at baseline.
272,273

  Longitudinal studies, particularly those with longer durations that fail to re-

assess physical activity levels at follow-up may not accurately ascertain exposure status as 

engagement in activities may fluctuate over the course of the study.
272,273

  Most, if not all, primary 

studies also relied on self-reported data which may be prone to error.
272,295  

Research suggests that 

self-reported physical activity differs from data obtained through objective measures.
295

  This finding 

lends evidence to suggest that objectively measured physical activity would likely improve the 

accuracy of the collected data.
295

  Physical activity is also associated with other life-style risk factors 

for AD which makes it difficult to parse out the effect of physical activity alone.
273

  Finally, as noted 

in one of the reviews, some primary studies failed to consider the effect of APOE e4 status.
270

  

Research suggests that APOE e4 status may modify the effect of physical activity on the 

development of AD.
296

  While physical activity has been associated with a reduced risk of dementia, 

AD, and vascular dementia among APOE e4 non-carriers, no significant association was detected for 

carriers.
296

 

The identified systematic reviews are also limited by methodological heterogeneity across 

included studies with respect to the definition and categorization of the exposure variable.
20,267,270

   

While some studies examined physical activity as a broad category, others collected data pertaining 

to participation in particular activities (e.g. walking, swimming, dancing).
20,267

  Studies also varied 

with respect to the frequency, duration, and/or intensity of physical activity being considered (i.e. 5 

hours/week, 2 times/week, rigorous activity for 20-30 min/day).
267,272

   Furthermore, studies varied 

with respect to the categorization of the exposure variable with some studies treating physical 

activity as a dichotomous variable (i.e. active vs. sedentary) and others dividing exposure into tertiles 

(i.e. light, moderate, heavy) and quartiles.  There was also evidence of heterogeneity across studies 

choosing to treat the exposure variable similarly (e.g. dichotomous variable) as different cut-offs or 

thresholds of physical activity were employed.  Although exposure status was consistently 

ascertained according to self-report, primary studies varied with respect to the specific questionnaire 
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used to gather pertinent data.  Studies also varied with respect to the timing of exposure 

ascertainment with some studies assessing physical activity levels in midlife and others in late-

life.
20,267

   These sources of heterogeneity may at least partially explain the statistical heterogeneity 

observed in the systematic reviews attempting to quantitatively synthesize the evidence.
20,266

  Despite 

the sources of methodological heterogeneity, all four reviews with a meta-analytic component 

adequately assessed the presence of statistical heterogeneity and appropriately pooled results 

according to the random effects model, which takes heterogeneity into account.
91

  However, failure 

to conduct robust subgroup analyses, likely due to insufficient data from primary studies, precludes a 

definitive statement with respect to the specific clinical and/or methodological sources of the 

observed statistical heterogeneity. 

For the most part, the identified systematic reviews yielded consistent findings.  This is 

attributed to the significant overlap in primary studies across systematic reviews.  Using the most 

recent review with the highest primary study yield as the referent
20

, the extent of overlap ranged 

from two to seven studies.  Reviews reported by Podewils et al.
270

 and Patterson et al.
63

 captured 

only two of the twelve studies included by the referent
20

.  The small degree of overlap between the 

referent
20

 and the review reported by Podewils et al.
270

 was expected as 

ten
211,282,283,285,288,289,290,292,293,294

of the primary studies included in the referent were published after the 

Podewils et al.
270

 review (i.e. 2003 or later) and were therefore unavailable for inclusion.  

Six
74,280,282,285,288,289

 studies included in the referent
20

 were published before December 2005 and 

should have been identified by Patterson et al.
63

  However, only two
280,282

 of the six studies were 

included.  While both reviews restricted inclusion to longitudinal cohort studies, other differences in 

eligibility criteria may explain the low overlap.  Firstly, Patterson et al.
63

 restricted inclusion to 

studies examining populations “representative of Canadian demographics”.  Three of the four studies 

that were not included by Patterson et al.
63

 solely examined Japanese
74

, Japanese-American
288

, and 

Finnish
289

  populations.  As these populations may not be representative of Canadian demographics, 

this may explain the exclusion of these studies.  Secondly, while the quality of primary studies was 

appraised in both reviews, Patterson et al.
63

 restricted inclusion to fair or good quality studies while 

the referent employed a more inclusive approach.  While these factors may potentially explain the 

low level of overlap between the referent review
20

 and that reported by Patterson et al.
63

, reasons for 

the minimal overlap can only be speculated as Patterson et al.
63

 failed to provide a  list of excluded 

studies with clearly defined reasons for exclusion.  It is also possible that failure to include the four 

studies is due to non-identification rather than exclusion.  That is, the search strategy employed by 
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Patterson et al.
63

 may not have captured the four studies in question.  The search strategy employed 

in the referent review
20

 incorporated risk factor-specific terminology (i.e. “exercise, physical fitness, 

running, swimming, walking”
20

).  As Patterson et al.
63

 sought all modifiable risk factors for 

dementia, the employed search strategy was not tailored to solely identify literature pertaining to 

physical activity.  As such, the reviewers relied on generic exposure search terms (i.e. “risk factor”).  

It is therefore possible that failure to incorporate exposure-specific terminology may have resulted in 

the oversight of primary studies indexed according physical activity-related medical subject 

headings. 

Of particular interest, when compared to the referent
20

, the review
267

 with the greatest 

primary study overlap (n=7) yielded discordant conclusions.  Nine of 13 studies identified in the 

review
267

 reported a statistically significant beneficial association between physical activity and risk 

of AD.  However, the reviewers concluded that the “evidence was equivocal”.
267

  Other reviews, 

which captured less convincing evidence, concluded that physical activity was associated with a 

reduced risk of AD.  For example, of the six studies identified by Weih et al.
62

, only two studies 

(reported in three publications) detected a statistically significant reduced risk of AD.  Despite the 

scarce evidence, the reviewers concluded that “there is good evidence…that physical activity may 

reduce AD risk…”.
62

  This example suggests that discordant conclusions across reviews may arise as 

a result of discordant “interpretations and inferences made by the review authors”.
90

  That is, some 

review authors may employ a more conservative approach for interpreting the identified evidence 

and deriving conclusions.   

Despite reliance on the same primary studies, data extracted from overlapping studies may 

have differed across reviews.  For example, the Conselice Study of Brain Aging (CSBA)
294

 was 

included in reviews reported by Williams et al.
20

 and Weih et al.
273

.  Several risk estimates were 

reported in the primary study pertaining to “participation in different physical activities”
294

.  The 

pooled analysis reported by Williams et al.
20

 relied on the risk estimate pertaining to highest level of 

walking (>417 Kcal/week – HR: 1.42; 95% CI: 0.68, 2.97).  Rather than relying on a specific domain 

of physical activity (i.e. walking), Weih et al.
273

 relied on data pertaining to total physical activity 

engagement (>8090 Kcal/week – HR: 0.70; 95% CI: 0.33, 1.49).  Although results for walking and 

total physical activity were not statistically significant, the risk estimates were in opposite directions.  

A second example involves the primary study reported by Podewils et al.
282

  While Weih et al.
62

 

relied the risk estimate for the highest quartile of energy expenditure (>1657 kcal/week - RR: 0.70; 

95% CI: 0.44, 1.13), other reviews
63,267

 extracted statistically significant results corresponding to the 
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highest frequency of activity engagement (≥4 activities – RR: 0.55; 95% CI: 0.34, 0.88). These 

examples indicate that reviews relying on the same primary studies may not necessarily arrive at the 

same conclusion as a result of differential data extraction.
90

 

 Despite the various limitations, the available evidence was suggestive of a reduced risk of 

AD associated with higher levels of physical activity.   However, further research, using objective 

measures and standardized definitions of physical activity levels are required to ascertain the most 

beneficial form, quantity, and timing (i.e. midlife, late-life) of physical activity for prevention of AD 

and other cognitive outcomes.
267,272

  Lastly, it is important to note that if the observed association 

between the variables is attributed to cognitive reserve, regular participation in physical activity may 

delay the onset of clinical symptoms rather than prevent the disease.
220,228,249
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Table 19 – Physical activity and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  Publication 

Bias Assessed 

(Yes/No), Test 

for Publication 

Bias, Result of 

test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Podewils
270

 

 

(2003) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Yes, Funnel 

plot, Presence 

of publication 

bias 

 

To examine the 

effect of physical 

activities on the 

risk of all-cause 

dementia, 

vascular 

dementia, and 

AD. 

All years 

up to 2002 

1. Medline 

2. Cinahl 

3. 

PsycINFO 

11 2 of 12 1. Cohort studies 

(n=7): (RR: 0.59; 

95% CI: 0.42, 0.77) 

 

2. Case-control 

studies (n=4): (OR: 

0.24; 95% CI: 0.09, 

0.60) 

Physical activity 

was associated 

with a reduced risk 

of AD. 

Weih et 

al.
62

 

 

(2007) 

Amstar Score: 

6 

 

Publication 

Bias Assessed: 

No 

 

To investigate the 

effect of several 

putative risk 

factors on the 

development of 

AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane 

Database 

4. Current 

Contents 

 

7 5 of 12 Six of seven 

included studies 

reported risk 

estimates below 

1.00.  Results 

reached statistical 

significance in two 

of the six studies. 

Physical activity 

was associated 

with a reduced risk 

of AD. 
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Patterson et 

al.
63

 

 

(2007) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To investigate the 

effect of several 

putative risk 

factors on the 

development of 

AD and other 

cognitive 

outcomes. 

1966 to 

December 

2005 

1. Medline 

2. Embase 

2 2 of 12 Two studies 

detected a reduced 

risk of AD 

associated with 

regular or high 

levels of physical 

activity. 

Physical activity 

was associated 

with a reduced risk 

of dementia.  

Rolland et 

al.
272

 

 

(2008) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To investigate the 

effect of physical 

activity in the 

prevention of AD 

and other 

cognitive 

outcomes. 

All years 

up to 

October 

2007 

1. PubMed 

2. Medline 

3. BIOSIS 

10 6 of 12 Seven of ten studies 

(examining AD) 

reported a reduced 

risk of AD 

associated with 

physical activity (or 

at least one measure 

of physical activity). 

Physical activity 

was associated 

with a reduced risk 

of  AD/dementia. 

Hamer et 

al.
266

 

 

(2008) 

Amstar Score: 

6 

 

Publication 

Bias Assessed: 

Yes, Begg’s 

asymmetry test, 

No evidence of 

publication bias 

(p>0.10). 

To examine the 

association 

between physical 

activity and 

dementia, AD, 

Parkinson’s 

disease, and 

cognitive decline. 

1990-2007 1. Medline 

2. Cochrane 

Database of 

Systematic 

Reviews 

3. Web of 

Science 

6 5 of 12 All studies (n=6): 
(RR: 0.55; 95% CI: 

0.36, 0.84; Test for 

heterogeneity: x
2
 = 

29.12, p< 0.001) 

Physical activity 

was associated 

with a reduced risk 

of AD. 

Stern et 

al.
267

 

 

(2009) 

Amstar Score: 

6 

 

Publication 

Bias Assessed: 

No 

 

To examine the 

effect of physical 

leisure activities 

on the risk of all-

cause dementia 

and AD. 

All years 

up to 

October 

2008 

1. Medline 

2. Embase 

3. Cinahl 

4. Pubmed 

5. 

PsycINFO 

6. Cochrane 

CENTRAL 

7. EBM 

Reviews 

8. ISI 

13 7 of 12 1. Midlife 

activities: Three of 

four studies detected 

a protective effect 

associated with 

physical leisure 

activity engagement 

in midlife against 

development of AD. 

 

2. Late-life 

Available evidence 

did not consistently 

support a 

protective 

association 

between physical 

leisure activities 

and AD and all-

cause dementia. 
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Current 

Contents 

Connect 

9. ERIC 

10. 

Austhealth 

11. Health 

Source: 

Nursing/ 

Academic 

12. Scopus 

13. 

ProQuest 

Dissertation 

and 

Theses 

14. Index to 

Theses 

15. NDLTD 

17. Theses 

Canada 

activities: Six of 

nine studies reported 

an association 

between exposure to 

physical leisure 

activities in late-life 

and risk of AD. 

Lee et al.
64

 

 

(2010) 

Amstar Score: 

4 

 

Publication 

Bias Assessed: 

No 

 

To examine the 

effect of several 

factors, including 

physical activity, 

on the risk of 

developing AD 

and other 

cognitive 

impairments. 

All years 

up to 

August 

2008 

1. Pubmed 

2. Embase 

3. 

PsychInfo 

6 4 of 12 Four of six studies 

detected a 

statistically 

significant reduced 

risk of AD 

associated with 

physical activity. 

Participation in 

physical activities 

was associated 

with a reduced risk 

of AD and 

dementia. 

Williams et 

al.
20

 

 

(2010) 

Amstar Score: 

7 

 

Publication 

Bias Assessed: 

Not applicable 

for analysis of 

To examine the 

effect of several 

factors, including 

physical activity, 

on the risk of 

developing AD. 

1984-

October 

27, 2009 

1. Medline 

2. Cochrane 

Database of 

Systematic 

Reviews 

12 Referent 9 of 12 identified 

studies included in 

pooled analysis: 

(HR: 0.72; 95% CI: 

0.53, 0.98; Test for 

heterogeneity: Q = 

23.25, p = 0.003, I
2
= 

Physical activity 

was associated 

with a reduced risk 

of AD. 
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physical 

activity 

66%). 

Weih et 

al.
273

 

 

(2010) 

Amstar Score: 

5 

 

Publication 

Bias Assessed: 

Yes, Funnel 

plot, Results 

not reported 

 

To examine the 

effect of physical 

activity on the 

risk of developing 

AD. 

1966-2009 1. Medline 6 5 of 12 All studies (n=6): 

(RR: 0.59; 95% CI: 

0.50, 0.69; Test for 

heterogeneity: x2 = 

1.84, df = 5, p = 

0.87) 

Physical activity 

was associated 

with a reduced risk 

of AD. 

a“Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51
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3.15 Social Engagement 

 

Social engagement is a constituent of an “enriched environment”.
247,248

  As previously 

discussed, exposure to such environments can increase cognitive reserve and is therefore believed to 

delay the onset of clinical symptoms.
247,248

  An enriched environment, which includes 

“enhanced…social interactions”, may also affect the disease process.
250,297  

Two moderate
20,62

-and 

one low
251

-quality systematic reviews, which examined the association between social engagement 

and risk of AD, were identified.  Evidence from five primary studies
298,299,300,301,302 

were summarized 

across the two moderate quality reviews. 

 

a) Study: Weih et al.
62

 

Year: 2007 

AMSTAR score: 6 

 

Six studies were identified and included the “cognitive stimulation, leisure activities, and 

social contacts” section of the review reported by Weih et al.  Only one
302

 of the six studies included 

by Weih et al.
62

 specifically examined the effect of social engagement.  The remaining studies either 

did not examine social engagement or considered it as a component of a composite exposure 

variable
253

 (i.e. engagement in cognitive leisure activities).   The five studies reporting on the effect 

of cognitive leisure activities on AD incidence have been previously discussed (section 3.13). 

The only included study, which reported on social engagement, observed 126 cases of AD 

(N = 1203) during three years of follow-up.  The study detected an increased risk of AD associated 

with poor social networks (RR reported in review inaccurate.  Correct risk estimates reported in 

section b). Despite the very limited evidence (i.e. offered by a single primary study), the reviewers 

concluded that maintaining social contacts appeared to be associated with a protective effect against 

the development of AD.
62

 

 

 

b) Study: Williams et al.
20

 

Year: 2010 

AMSTAR score: 7 
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Five
,298,299,300,301,302

 cohort studies, which examined the association between social 

engagement and risk of AD, were included in the Health Technology Assessment (HTA) reported by 

Wilson et al.
20

  The studies observed an aggregate of 524 cases of AD (N=10794) over a period of 

follow-up ranging from 3.3 to 21 years.  Studies were heterogeneous with respect to the independent 

variable under examination.
20

  Two studies
298,300

 solely examined the effect of marital status, one 

study
302

 examined several social network variables including “marital status, living arrangement, 

contact with children, satisfaction with contacts, and close social ties”, one study
301

 used a global 

measure of social engagement according to “marital status, living arrangement, participation in 

social, political, or community groups, participation in social events with coworkers, and existence 

of a confidant relationship”, and the final study
299

 examined the effect of loneliness and social 

isolation.
20

   Exposure status was ascertained according to self-report.
20

   AD was diagnosed 

according to NINCDS-ADRDA or DSM criteria.
20

 

Two of three studies reported an association between marital status and risk of AD.  One
298

 

reported an increased risk of AD associated with never being married (RR: 2.31; 95% CI: 1.14, 

4.68).  Widowed and divorced subjects were not at an increased risk of AD (Widowed - RR: 0.82; 

95% CI: 0.46, 1.44.  Divorced - RR: 0.93; 95% CI: 0.26, 3.31).  Another study
302

 reported an 

increased risk of AD among single participants who lived alone when contrasted to married subjects 

who reported living with someone (RR: 1.90; 95% CI: 1.20, 3.10).  According to the same study, 

married participants who lived alone were not at an increased risk of AD (RR: 1.50; 95% CI: 0.40, 

6.40).  The third study
300

  reported that being widowed (RR: 2.52; 95% CI: 0.80, 7.70), divorced 

(RR: 1.78; 95% CI: 0.70, 4.90), or single (RR: 2.06; 95% CI: 0.90, 4.70) at mid-life did not increase 

risk of AD.   

Three studies reported on the effect of low social engagement in late-life, poor social 

networks and self-reported inadequate social contact with children, or loneliness.  All of these 

variables were associated with an increased risk of AD (Low social engagement
301

 - HR: 2.34; 95% 

CI: 1.18, 4.65.  Decreasing social engagement over the lifespan
301

- HR: 1.87; 95% CI: 1.12, 

3.13.Poor social networks
302

 - RR: 1.60; 95% CI: 1.20, 2.10. Inadequate social contact with 

children
302

 - RR: 2.00; 95% CI: 1.20, 3.40.  Per unit increase in loneliness
299

- RR: 1.51; 95% CI: 

1.06, 2.14). 
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Based on the identified evidence, the reviewers concluded that low social engagement, 

loneliness, never being married and being single and living alone were associated with an increased 

risk of AD.
20

 

 

Discussion 

 

Two moderate-quality systematic reviews concluded that high social engagement and 

maintaining social contacts was associated with a reduced risk of AD.
20,62

  The identified reviews 

were limited by the small number of available studies and heterogeneity across studies with respect 

to the exposures under examination.  There was little overlap of primary studies across reviews.  The 

review reported by Weih et al.
62

 contained only one
302

 of five studies included in the referent 

review
20

.  Three
,298,301,302

 of the five studies contained in the referent review
20

 were published before 

June 2006 and were available for inclusion by Weih et al.
62

  However, only one
302

 was included.  As 

both reviews employed relatively similar eligibility criteria (e.g. longitudinal cohort studies reporting 

on AD with subjects recruited from general populations), we would expect greater overlap across 

reviews.  As the eligibility criteria were similar across reviews, there may be alternate explanations 

for the non-inclusion of these studies.  One such explanation may involve differences with respect to 

the search strategies.  Although Weih et al.
62

 searched more electronic databases (four versus two) 

and searched across a wider range of years (1966-June 2006 vs. 1984-October 2009), fewer studies 

were identified as compared to the referent.  A comparison of the search strings uncovers a potential 

explanation.  Unlike the referent
20

, Weih et al.
62

 failed to incorporate risk factor-specific search terms 

(e.g. “social isolation, social environment, social network, social engagement, marital status”
20

).  

Rather, the reviewers relied on the term “risk factor” as a means to identify studies reporting on all 

life-style risk factors for AD.  Differences across reviews with respect to the screening procedure 

may also serve as an explanation.  The referent review explicitly stated that two, independent 

reviewers were responsible for assessing the eligibility of studies.
20

  Weih et al.
62

 did not report the 

use of a similar process.  As such, it is possible that study selection bias, arising from reliance on a 

single reviewer, may have contributed to the non-inclusion of relevant studies. 

Overall, there is preliminary evidence to suggest an association between high social 

engagement and a reduced risk of AD.  In light of the small number of available, the available 

evidence must be interpreted with caution.  Further, the observed association may be explained by 

sources of bias. Importantly, the potential for reverse causation must be considered.
20

  That is, social 
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disengagement may be a result, rather than a cause, of AD.
20

  Secondly, selection bias may explain 

the observed association as subjects who participated in the studies may have differed from those 

who did not with respect to other factors associated with AD.
94,95 
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Table 20 – Social engagement and risk of AD 

 
Study 

 

(Year) 

1. AMSTAR 

score 

 

2.  

Publication 

Bias 

Assessed 

(Yes/No), 

Test for 

Publication 

Bias, Result 

of test:  

Objective 

 

 

Years 

included 

in Search 

Strategy 

Databases 

Searched 

Included 

primary 

studies 

Overlapping 

studies
a
 

Results 

 

 

Conclusion 

Weih et 

al.
62

 

 

(2007) 

Amstar 

Score: 6 

 

Publication 

Bias 

Assessed: No 

 

To investigate 

the effect of 

several 

putative risk 

factors on the 

development 

of AD. 

January 

1966 to 

June 2006 

1. Medline 

2. Embase 

3. Cochrane 

Database 

4. Current 

Contents 

 

1 1 of 5 Only one study specifically 

reported on the effect of social 

engagement on risk of AD.  The 

study reported an increased risk 

of AD associated with poor social 

networks. 

Maintaining 

social 

contacts 

appeared to 

be associated 

with a 

reduced risk 

of AD. 

 

Williams 

et al.
20

 

 

(2010) 

Amstar 

Score: 7 

 

Publication 

Bias 

Assessed: 

Not 

applicable for 

analysis of 

social 

engagement 

To examine 

the effect of 

several factors 

on the risk of 

developing 

AD. 

1984-

October 

27, 2009 

1. Medline 

2. Cochrane 

Database 

of 

Systematic 

Reviews 

5 Referent  Five studies were identified.  Low 

social engagement, poor social 

networks, loneliness, never being 

married, being single and living 

alone, as well as widowhood and 

divorce in late-life were 

associated with an increased risk 

of AD. 

 

Poor social 

engagement 

may be 

associated 

with an 

increased 

risk of AD. 

a “Number of overlapping studies using the most recent systematic review [with the highest number of included studies] as the referent”.  Item adopted from White et al.
51



 

 

CHAPTER 4: MEDITERRANEAN DIET ADHERENCE AND ALZHEIMER’S DISEASE: 

AN UPDATED SYSTEMATIC REVIEW 

 

4.1 Background 

 

Research suggests that adherence to the Mediterranean dietary pattern is protective against 

mortality and the development of cardiovascular and neurodegenerative conditions.
209

  This dietary 

pattern is composed of a number of components including: (1) high intake of legumes, cereals, fruits, 

vegetables, and fish, (2) low intake of meat and dairy products, (3) moderate intake of alcohol, and 

(4) a high mono-unsaturated fatty acid to saturated fatty acid ratio.
208

  Examining the effect of dietary 

patterns rather than individual food items or nutrients is advantageous as it takes potentially 

“synergistic or antagonistic” effects of nutrients into account.
195

  Studies examining the effect of 

individual dietary components on risk of AD have often failed to detect an association or have 

yielded conflicting findings.
207

 This is relatively consistent with studies examining the putative 

beneficial effect of isolated nutrients on other outcomes and is likely attributed to the concept of food 

synergy.
195

   That is, nutrients are likely to affect health outcomes in combination through numerous 

and complex biological mechanisms rather than individually.
195,207 

 Furthermore, because food items 

or nutrients are not consumed independently, dietary patterns better reflect the reality of human food 

consumption.
95,303

 

Several biological mechanisms have been proposed to explain the putative association 

between the Mediterranean diet and risk of AD.  These pathways involve several factors implicated 

in AD pathophysiology, namely, oxidative stress, inflammation, vascular factors, and metabolic 

abnormalities.
304,305,306,318  

The antioxidant and vitamin rich properties of the Mediterranean diet 

constituents are believed to mitigate free radical damage, afford neuroprotection, and prevent or 

minimize oxidative stress.
305,306  

Research has shown that foods typical of the Mediterranean diet are 

linked with a decrease in free radical biomarkers.
307

  Evidence suggests that omega-3 fatty acids 

prevent neuroinflammation, a process closely linked with oxidative stress and AD etiology.
308,309,310  

Compounds acquired from extra-virgin olive oil exhibit anti-inflammatory properties demonstrated 

in reductions of pro-inflammatory cytokines.
307

  Further, there is some evidence to suggest that 

adherence to the Mediterranean diet is associated with higher serum levels of adiponectin, an anti-

inflammatory hormone.
311

  Although the effect of adiponectin on AD etiology remains unclear, 

recent studies have suggested that adiponectin is “protective against Aβ neurotoxicity” and that 

decreased serum adiponectin may be linked to cognitive impairment.
312,313  

Although one
314

  study 
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detected a reduced risk of mild cognitive impairment associated with an increase in plasma 

adiponectin, conflicting evidence is also available suggesting that elevated adiponectin may be 

associated with a detrimental effect with respect to dementia and AD
315

.  Finally, it has been 

hypothesized that the beneficial effect of the Mediterranean diet against AD may be afforded by the 

diet’s ability to prevent putative AD risk factors, namely, “vascular co-morbidities, dyslipidemia, 

hypertension, and coronary artery disease.”
307

 

 

4.2 Objective 

 

The objective of the study is to provide an up-to-date systematic review regarding the 

association between Mediterranean diet adherence and risk of AD.  As several existing reviews 

reporting on the Mediterranean diet were available (Section 3.9), one of which was deemed to be of 

high methodological quality, a de novo systematic review was unwarranted.  The systematic review 

reported by Sofi et al.
209

 was eligible for an update as it adhered to all of the a priori established 

criteria required for an update (Section 2.2): (1) the review was deemed to be of high methodological 

quality according to the AMSTAR instrument, (2) duplicate screening and data extraction were 

employed, and (3) identified studies were quality appraised. As reported by Moher et al., an updated 

systematic review adheres to the protocol of the original review.
45

  Sofi et al.
209

 considered a number 

of health outcomes including, but not limited, to AD.  Although the updated review largely adhered 

to the methodology reported by Sofi et al.
209

, some alterations were deemed necessary to limit the 

review to AD. 

 

4.3 Literature search strategy 

 

To identify studies reporting on Mediterranean diet adherence and risk of AD, we adapted 

the search strategy reported by Sofi et al.
209

  As we were solely interested in studies reporting on AD, 

we excluded search terms for other outcomes (e.g. cardiovascular disease, neoplasm, neoplastic 

disease, Parkinson’s disease, etc.) considered by the original reviewers. All databases searched by 

Sofi et al.
209

 were re-searched to identify studies published after the review, allowing for a one year 

overlap to address the “lagtime between publication of an article and its inclusion into standardized 

literature retrieval databases”.
51

  These databases included:  MEDLINE, EMBASE, Web of Science, 

The Cochrane Library (The Cochrane Central Register of Controlled Trials), clinicaltrials.org, and 

Google Scholar.  Additional electronic databases (PsycINFO, CINAHL, and AARP Ageline) were 

also considered as a means to further expand the search.  The search strategy involved exposure, 
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outcome, and study design terminology.  Using the MEDLINE search as an example, exposure 

terminology included “Mediterranean diet.mp”, “Diet, Mediterranean/”, “Mediterranean.mp”, 

“diet/”, “diet.mp”,  “food habits/”, “dietary pattern.mp”, “adherence.mp”, and “score.mp.”.  Outcome 

terminology included “Alzheimer disease/”, “dementia/”, “Alzheimer*.mp”, “presenile 

dementia*.mp”, “acute confusional senile dementia.mp”, “Senile dementia*.mp”, “primary senile 

degenerative dementia.mp”, “primary degenerative senile.mp”.  Study design terminology included 

“prospective.mp”, “prospective studies/”, “follow-up studies/”, “follow-up.mp”, “Cohort Studies/”, 

“cohort.mp”.  In alternate databases, the search strategy retained its structure; however, database-

specific medical subject headings were applied to ensure compatibility. Year limits were applied 

(2009 to Sept. 2013) to identify studies published after the original review while allowing for a one-

year overlap.
51

  The grey literature search involved a handsearch of two disease-specific journals, 

namely the International Journal of Alzheimer’s disease and the American Journal of Alzheimer’s 

disease and Other Dementias, an internet search of Google and GoogleScholar, and a search for 

dissertations and theses (ProQuest Dissertation and Theses).  A search of the grey literature was 

conducted in October 2013.  Refer to Appendix C-1 for the grey literature and database specific 

search strategies. 

 

4.4 Selection Criteria 

 

A two-tiered screening approach was employed.  Following a review of the title and abstract, 

the full text of relevant and potentially relevant studies were scrutinized according to the eligibility 

criteria proposed by Sofi et al.
209

  More specifically, Sofi et al. considered “studies that prospectively 

evaluated the association of an a priori score used for assessing adherence to the Mediterranean diet 

and adverse clinical outcomes.”
209

  These criteria were adapted to satisfy the objective of the present 

study.  Studies were eligible for inclusion if (1) the study design was prospective, (2) a scoring 

system was in place for estimating exposure, and (3) the study reported on AD.   To remain 

consistent with the protocol of the original review, the following exclusion criteria were adopted: 

“studies [with]… a cross-sectional or case-control design, [those that] analyzed adherence to a 

nonspecific dietary pattern or a recommended dietary guideline and not to the Mediterranean diet, 

[those that] evaluated cohort of patients who suffered from a prior clinical event (i.e., in a secondary 

prevention), [those that] did not adjust or potential confounders, and [those that] did not report an 

adequate statistical analysis”.
209

 Research has suggested that data summarized in conference 

abstracts frequently differs from results presented in the full published report.
316

  Following research 

recommendations, authors of conference abstracts were contacted as a means to obtain the full 
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report.
316

  When the full report could not be retrieved, conference abstracts were excluded.  Studies 

identified and included in the previous reviews reported by Sofi et al.
208,209

 were also excluded as this 

data was summarized elsewhere (Section 3.9).  Finally, commentaries or editorials lacking primary 

data were also excluded. 

 

Studies satisfying the following criteria were eligible for inclusion: 

 

 Population – Humans  

 Exposure – Mediterranean diet estimated according to an a priori established scoring 

system
209

 

 Outcome- Diagnosis of Alzheimer’s disease  

 Study Design –Prospective studies 

 

Studies were excluded from the review if any of the following criteria were satisfied: 

• The outcome of interest was cognitive decline, mild cognitive impairment (MCI) or non-

AD dementias (ex. Frontotemporal dementia, Pick’s disease, Lewy body dementia, 

Vascular dementia, Creutzfeldt-Jakob disease) 

• The study failed to distinguish AD from all-cause dementia or dementia subtypes (e.g. 

study reported on risk of all-cause dementia and did not provide risk estimates for 

Alzheimer’s disease) 

• The study was focused on progression from MCI to AD (i.e. study examines cognitively 

impaired subjects) 

• The study examined a “nonspecific dietary pattern or a recommended dietary guideline 

and not to the Mediterranean diet”
209

 

• The study employed an alternative methodological design (e.g. cross-sectional studies, 

case-control studies, systematic reviews, narrative reviews, etc.)
209

 

• The study “evaluated cohort of patients who suffered from a prior clinical event (i.e., in 

a secondary prevention)”
209

 

• The study “did not adjust or potential confounders [or] did not report an adequate 

statistical analysis”
209

 

• The study was included in original reviews by Sofi et al.
208,209

 

• Commentary or editorial with no primary data 

• Full-text of the article could not be obtained 
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4.5 Study Selection Method 

 

To minimize the biased inclusion of studies and to adhere to the protocol of the original study, 

all identified studies were independently screened by two reviewers.   In the event of discordance, 

the study in question was re-examined by both reviewers and a decision was reached through 

consensus.  Studies that satisfied the selection criteria advanced to the quality assessment phase of 

the review.   

 

4.6 Quality Appraisal 

 

Sofi et al. considered three criteria to estimate study quality: sample size, length of follow-

up, and rigour of confounding adjustment.
209

 To remain consistent with the protocol of the original 

review, these criteria were also considered in the quality appraisal process.  As described by Sofi et 

al. “studies with a high number of participants, long duration of follow-up, and adjustment for 

confounders that include demographic, anthropmetric, and traditional risk factors were considered of 

high quality”.
209

  As this quality appraisal method is relatively vague, more specific guidelines were 

developed for each criterion.  Ensuring that a sufficient number of subjects are enrolled to detect 

statistical significance is integral and should be considered in the quality appraisal of primary 

studies.
20

  Thus, studies that described a power calculation to arrive at a sufficient sample size were 

considered superior with respect to the first quality appraisal criterion.
20

  To remain consistent with 

AD research, adequate length of follow-up was defined as a minimum of two years.
20

  For the third 

and final criterion, studies were required to control for the potentially confounding effect of 

demographic, lifestyle, and comorbid factors.  Quality assessment was conducted independently by 

two reviews. 

 

4.7 Data Extraction Strategy   

 

To minimize the potential for bias, data was independently extracted by two reviewers.  In 

the event of discordant data collection, concordance was attained through discussion.  In keeping 

with the original review, the following variables were extracted: “lead author, year of publication, 

cohort name, country of origin of the cohort, sample size of the cohort,…duration of follow-up, age 

at entry, sex,…components of the Mediterranean diet adherence score, and variables that entered into 

the multivariable model as potential confounders”.
209

  As the update was specific to a single 
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outcome, “outcome”, and “number of outcomes”, which were items considered by the original 

reviewers, were deemed irrelevant and excluded.   

 

4.8 Literature Search Results 

 

The database search yielded 4449 articles.  Of these studies, 804 citations were retrieved 

from MEDLINE and MEDLINE In-Process & Other Non-Indexed Citations databases, 1669 from 

EMBASE and EMBASE Classic, 111 from CINAHL, 412 from PsycINFO, and 84 from AgeLine, 

1073 from Web of Science, 211 from the Cochrane Central Register of Controlled Trials, and 13 

from clinicaltrials.gov.  An additional 72 records were identified through the grey literature search.  

A total of 2580 unique records remained following the duplicate citation removal process.  Of the 

2580 studies, 2510 were deemed irrelevant based on a review of the title and abstract and were 

consequently excluded. 

  Of the remaining 70 studies eligible for full article screening, one conference proceeding
317

 

was excluded as the full report was unavailable and could not be obtained from the authors .  Sixty-

seven studies were deemed irrelevant following full text review.  Of these, 24 were reviews, four 

were commentaries lacking primary data, one was a cross-sectional study, 12 did not report on the 

risk of developing AD, 23 did not examine the effect of the Mediterranean diet (i.e. examined a non-

specific dietary pattern, single nutrient, or an entirely irrelevant exposure such as cognitive 

stimulation), and three were already included in previous reviews reported by Sofi et al.
208,209

  Refer 

to Figure 3 for the flow of studies at each stage of the review process.  A list of the 68 studies 

excluded in the secondary screening phase, along with reasons for exclusion, can be found in 

Appendix B-2.   
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Figure 3 - PRISMA Flow Diagram: Updated Systematic Review 

2580 records after duplicates removed 

2580 records underwent title and abstract 

screening  

 

68 records excluded: 

 Review article (n=24) 

 Commentary with no primary data  

(n = 4) 

 Cross-sectional study (n = 1 ) 

 Did not examine the effect of the 

Mediterranean diet (n  = 23) 

 Included in previous reviews by Sofi 

et al. (n=3) 

 Did not report on the risk of 

developing AD (n=12) 

 Full report unavailable (n=1) 

 

2510 records excluded 

70 full-text articles assessed for 

eligibility 

2 studies included in qualitative synthesis 

4449 records identified through database and grey literature searching 

 

804 from MEDLINE 

1669 from EMBASE 

412 from PsycINFO 

111 from CINAHL 

84 from Ageline 

1073 from Web of Science 

211 from Cochrane Central Register of Controlled Trials 

13 from Clinicaltrials.gov 

2 from International Journal of Alzheimer’s Disease 

13 from American Journal of Alzheimer’s Disease and other  

Dementias 

5 from Google 

32 from GoogleScholar 

20 from ProQuest Dissertation and Theses 

 

 

 

 

 

Id
en

ti
fi

ca
ti

o
n

 
S

cr
ee

n
in

g
 

E
li

g
ib

il
it

y
 

In
cl

u
d

ed
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Template Source:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.PLoS Med 6(6): e1000097. 

doi:10.1371/journal.pmed1000097 
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4.9 Clinical and methodological characteristics 

 

Both
211,318

 included studies examined the same cohort of subjects.  Participants were enrolled 

in the Washington Heights-Inwood Columbia Aging Project II (WHICAP II), a prospective 

community-based study which examined participants enrolled in the original WHICAP cohorts 

recruited in 1992 and 1999.
211,318

  Briefly, participants were elderly (≥65 years) Medicare recipients 

residing in northern Manhattan selected through random sampling.
319

  The sample was multi-ethnic 

with approximately equal proportions of White, Black, and Hispanic study participants.
211,318,319

  

Mean age at baseline reported in both studies was approximately 77.0 years and over 65% of 

participants were female.     

The mean length of follow-up was slightly longer in the study reported by Scarmeas et al.
211

 

(3.8 vs. 5.4 years).  According to the report by Scarmeas et al.
211

, follow-up data was available for 

85% of all eligible subjects, namely, those with both dietary and physical activity data (n=2247).  Of 

the 339 subjects with no follow-up data, 270 were lost to follow-up while 69 died within a year and a 

half of study initiation.  There was a statistically significant difference between those with and 

without follow-up data with respect to age, caloric intake, BMI, number of co-morbidities, and 

cognitive performance.  More specifically, those with follow-up data were older and were generally 

healthier with respect to the examined variables (lower caloric intake and BMI, less co-morbidities, 

better cognitive functioning).
211

   

Follow-up data was missing for 19.4% of the 2778 participants considered for inclusion by 

Gu et al.
318

  An additional 1021 subjects were also excluded due to prevalent dementia, unavailability 

of frozen blood samples for biomarker analysis, lack of data to adequately ascertain Mediterranean 

diet adherence, and development of non-AD dementia.
318

  Excluded subjects differed significantly 

from included subjects with respect to age, education, co-morbidities, race, smoking and APOE e4 

status.  Those excluded had a greater likelihood of being Black or Hispanic, older, less educated, 

APOE e4 carriers, and non-smokers.
318

  Excluded subjects also had a greater number of 

comorbidites.
318

  The characteristics and findings of the identified studies are summarized in Table 

21. 

 

4.10 Exposure ascertainment 

 

Adherence to the Mediterranean diet was assessed in the same manner in both studies.  

Dietary intake was ascertained according to a semi-quantitative food frequency questionnaire (FFQ), 

namely, the Willet 61-item FFQ.  The questionnaire demonstrated validity and reliability in elderly 
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subjects and specifically in WHICAP participants.
318

  The self-administered FFQ required subjects to 

recall the average frequency of consumption of 126 foods over the past year.
320

  To assign an 

adherence score for each subject, consumption of certain foods was compared to the sex-specific 

population median.  High intake defined as consumption above the median.
209,318

  Those with a high 

intake of legumes, fruits, vegetables, cereals, and fish were assigned a score of one for each 

item.
209,318

  Those consuming quantities less than the established threshold were assigned a score of 

zero.  Conversely, those with a high intake of foods atypical of the Mediterranean diet, such as meats 

and dairy, were assigned a score of zero.
209,318

  Those with a low intake were given a score of one.   

Mild to moderate alcohol consumption (>0 to <30 g/d) and a high monounsaturated fats to saturated 

fats ratio also warranted a point each.
209,318

  A single combined score was derived with a maximum 

possible score of 9 indicating highest adherence.
209

  In categorical analyses, low, moderate, and high 

adherence were defined as scores ranging from 0 to 3, 4 to 5, and 6 to 9, respectively.
209,318

 

 

4.11 Outcome ascertainment  

 

According to both publications, prevalent cases of dementia and/or AD were excluded at 

baseline.
211,318  AD was ascertained according to a diagnostic work-up involving neurological 

examination, medical history, physical examination, cognitive function testing, and in-person 

interviews.
211,318  When available, brain imaging data was also considered.

211,318
  AD was then 

ascertained according to the NINCDS-ADRDA by a consensus panel of neurologists and 

neuropsychologists.
211,318

 

 

4.12 Covariates 

 

Multivariable-adjusted Cox proportional hazards models were used in both studies to 

estimate hazard ratios (HRs) and 95% CIs.  Both studies reported analyses adjusted for age, 

education, caloric intake, BMI, gender, smoking status, ethnicity, APOE genotype, and medical co-

morbidities (“myocardial infarction, congestive heart failure, peripheral vascular disease, 

hypertension, chronic obstructive pulmonary disease, arthritis, gastrointestinal tract disease, mild 

liver disease, diabetes, chronic renal disease, and systemic malignancy”
211

).  The report by Scarmeas 

et al.
211

 also considered cohort (1992 vs. 1999 recruitment), depression, leisure activities, duration 

between first dietary and physical activity assessment, and baseline Clinical Dementia Rating (CDR) 

score, which measures severity of AD
321

, as covariates.  To examine whether the association between 

Mediterranean diet adherence and risk of AD was explained by inflammatory and metabolic 
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mechanisms, Gu et al.
318

 provided risk estimates adjusted for high sensitivity C-reactive protein 

(hsCRP), fasting insulin, and adiponectin. 

 

4.13 Quality appraisal 

 

 

Sample size, length of follow-up and rigour of confounding adjustment were considered for 

the purpose of quality appraisal.
209  While Scarmeas et al.

211 described a power calculation to arrive 

at a sufficient sample size, Gu et al.
318 provided no such information. Both studies reported follow-up 

durations exceeding two years.  Finally, as previously described, both studies employed extensive 

confounding adjustment.  According to the criteria proposed by Sofi et al.
209

, both identified studies 

were of moderate to high methodological quality. 

 

4.14 Statistical Analysis 

 

 

The small number of identified studies precluded a meta-analysis.  Furthermore, 

three
207,211,318

 of the four available studies (two identified in the present review and one  identified in 

previous reviews reported by Sofi et al.
208

) examined the same cohort of subjects.  Consequently, de 

novo and updated pooled analyses were not conducted in an effort to avoid double-counting 

subjects.
322

 

 

 

 

 

 



 

 

 

Table 21 - Characteristics and findings of the included studies 

 

Author, 

year 

(cohort) 

Country, Study 

population 

Sample size 

(cases/total 

n) 

Components of 

the adherence 

score 

Method of AD 

ascertainment 

Length of 

follow-

up, mean 

(SD) 

Age at 

baseline, 

mean 

(SD); 

 

Gender 

(% 

female) 

Covariates Results, Risk estimate: (95% CI) 

Gu et al., 

2009
318

 

(WHICAP 

II) 

United States,  

 

Medicare 

recipients ≥65 

years of age 

residing in 

Manhattan; 

participants were 

recruited from 

two WHICAP 

cohorts recruited 

in 1992 and 1999 

118/1219 1. High intake of 

legumes, fruits, 

vegetables, 

cereals, fish 

2. Low intake of 

meat and dairy 

products 

3. High 

monounsaturated 

fats to saturated 

fats ratio 

4. Mild to 

moderate 

alcohol 

consumption (>0 

to <30 g/d) 

NINCDS-

ADRDA 

3.8 (1.3) 76.7 (6.4); 

 

66.6% 

Age, 

education, 

caloric intake, 

BMI, gender, 

smoking status, 

ethnicity, 

APOE 

genotype, 

comorbidity 

index, hsCRP, 

fasting insulin, 

adiponectin 

Minimally adjusted analysis: 

 

Treated continuously – HR: 0.87 

(0.78, 0.97); p = 0.01 

 

Middle vs. lowest tertile – HR: 0.57 

(0.37, 0.88); p = 0.01 

 

Highest vs. lowest tertile – HR: 0.66 

(0.41, 1.04); p = 0.08; p for trend = 

0.04 

 

Analysis adjusted for additional 

variables (excluding biomarkers): 

 

Highest vs. lowest tertile:  HR: 0.66 
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 (0.41, 1.06); p for trend = 0.06 

 

Analysis adjusted for demographic 

variables and biomarkers  

(includes n= 1202 with biomarker 

data): 

 

Continuous variable – HR: 0.87 

(0.78, 0.97); p = 0.01 

 

Middle vs. lowest tertile – HR: 0.56 

(0.36, 0.86); p = 0.01 

 

Highest vs. lowest tertile - HR: 0.68 

(0.42, 1.08); p = 0.10; p for trend = 

0.06 

 

Scarmeas 

et al., 

2009
211

 

(WHICAP 

II) 

United States,  

 

Medicare 

recipients ≥65 

years of age 

residing in 

Manhattan; 

participants were 

recruited from 

two WHICAP 

cohorts recruited 

282/1880 1. High intake of 

legumes, fruits, 

vegetables, 

cereals, fish 

2. Low intake of 

meat and dairy 

products 

3. High 

monounsaturated 

fats to saturated 

fats ratio 

NINCDS - 

ADRDA 

5.4 (3.3) 77.2 (6.6); 

 

68.8% 

Age, 

education, 

caloric intake, 

BMI, cohort 

(1992 vs. 

1999), sex, 

APOE 

genotype, 

smoking status, 

depression, 

leisure 

Mediterranean diet (when 

considered in the same model as 

physical activity): 

 

Medium vs. lowest tertile – HR: 0.98 

(0.72, 1.33); p = 0.88 

 

Highest vs. lowest tertile -  HR: 0.60 

(0.42, 0.87); p = 0.007; p for trend = 

0.008 
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in 1992 and 1999 4. Mild to 

moderate 

alcohol 

consumption (>0 

to <30 g/d) 

 

activities, 

ethnicity, 

comorbidity 

index, baseline 

Clinical 

Dementia 

Rating score, 

time between 

first dietary 

and first 

physical 

activity 

assessment 

 

 

Table adapted from Sofi et al.
209

 

 

 

 



 

 

4.15 Study findings 

 

Of the 1219 subjects followed by Gu et al., 118 developed incident AD.
318

  According to the 

minimally adjusted model (age, gender, education, race) with Mediterranean diet treated as a 

continuous variable, higher adherence was associated with a reduced risk of AD (HR: 0.87; 95% CI: 

0.78, 0.97; p = 0.01).  When compliance to the dietary pattern was treated categorically, moderate 

and high adherers had a 43% and 34% reduced risk of AD, respectively, with a statistically 

significant p-value for trend (Moderate – HR: 0.57; 95% CI: 0.37, 0.88.  High – HR: 0.66; 95% CI: 

0.41, 1.04; p-value for trend = 0.04).  The highest tertile of adherence did not reach statistical 

significance, however.  The trend test was marginally significant according to the analysis adjusted 

for additional covariates, namely, caloric intake, BMI, smoking status, APOE genotype, and medical 

co-morbidities (p = 0.06).  To examine whether the association between the Mediterranean diet and 

risk of AD could be explained by inflammatory and metabolic mechanisms, analyses were repeated 

with additional covariate adjustments for inflammatory (high-sensitivity C-reactive protein (hsCRP)) 

and metabolic (fasting insulin, adiponectin) biomarkers.
318

  Biomarker data was available for 1202 

subjects.  According to the analysis adjusted for age, gender, education, race, hsCRP, fasting insulin 

and adiponectin, each point increase in the Mediterranean diet adherence score (0 to 9) was 

associated with a significant reduced risk of AD (HR: 0.87; 95% CI: 0.78, 0.97; p = 0.01).  

Considered categorically, both moderate and high adherence yielded risk estimates below 1.00. 

However, only the moderate adherence category reached statistical significance (Moderate – HR: 

0.56; 95% CI: 0.36, 0.86.  High – HR: 0.68; 95% CI: 0.42, 1.08; p-value for trend = 0.06).  

According to the authors, the lack of change in the risk estimates upon adjustments for inflammatory 

and metabolic biomarkers was indicative that alternate biological mechanisms may explain the 

association between Mediterranean diet adherence and risk of AD.
318

 

Scarmeas et al.
211

 examined the effect of physical activity and adherence to the 

Mediterranean diet on risk of developing AD.  A total of 1880 subjects, 282 of whom developed 

incident dementia during follow-up, were eligible for inclusion in the analyses.  When introduced 

into the same model, engaging in physical activity and adherence to the Mediterranean diet were 

both inversely associated with risk of AD.
211

  While moderate adherence was not associated with a 

significant decrease AD risk, high adherence was associated with a statistically significant 40% 

reduction in risk (Moderate – HR: 0.98; 95% CI: 0.72, 1.33.  High – HR: 0.60; 95% CI: 0.42, 0.87).   
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Figure 4 - Forest plot of available studies on Mediterranean diet adherence and risk of AD 

 

 

 

 

4.16 Discussion 

 

The present updated systematic review identified two
211,318

 publications reporting on the 

same cohort of subjects (WHICAP). An earlier publication
207

 indentified in previous reviews by Sofi 

et al.
208, 209

 also reported on the WHICAP cohort. Findings from the WHICAP study
207,211,318

 suggest 

a statistically siginificant inverse association between Mediterranean diet adherence and risk of AD.  

One study
210

 identified by Sofi et al.
209

, which examined a unique cohort of subjects, did not detect a 

statistically significant association between higher adherence to the Mediterranean diet and a reduced 

risk of AD.  As described in the literature, a possible explanation for this inconsistent finding may be 

attributed to “dietary or cultural differences”.
323

  While the WHICAP cohort examined an ethnically 

diverse American population, subjects recruited in the Three-City study were residents of Bordeaux, 

France.
210

  As hypothesized, there may be slight variations with respect to the characteristics of the 

Mediterranean diet across cultures.
323,324  

Moreover, other cultural disparities may also impact the 

effect of the Mediterranean diet on AD incidence.
323

  As noted by Feart et al., cultural differences 

with respect to multivitamin supplementation, that is, greater uptake of multivitamins among elderly 

Americans as compared to the elderly French population, is one possible explanation.
210

 

Results reported by Gu et al.
318

 have contributed evidence towards understanding putative 

biological pathways linking the variables of interest.  Risk estimates remained unchanged following 

adjustments for inflammatory and metabolic biomarkers.
318

  If it is hypothesized that inflammation 

or metabolic dysfunction explains or “mediates” the association between the variables of interest, we 

would expect a change between the biomarker unadjusted and adjusted risk estimates.
325

  As the risk 
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estimates did not change following individual and concurrent biomarker adjustment, the authors 

concluded that the association between Mediterranean diet adherence and AD “did not seem to be 

mediated by hsCRP, fasting insulin, or adiponectin”.
318

  The authors caution that this finding does 

not invalidate the hypothesized inflammatory and metabolic mechanisms as other biomarkers 

involved in these pathways remain unexamined.
318

 

Despite the prospective nature of the WHICAP study, several methodological limitations 

must be addressed.  The study reported the use of a standardized FFQ to ascertain dietary intake.  

While FFQs are considered an acceptable means for measuring compliance to the Mediterranean 

dietary pattern, the need to recall food intake over the last 12 months introduces the potential for 

recall error.
324

  Research also suggests that reliance on self-reported measures of dietary intake may 

introduce exposure measurement error as unhealthy foods are often underreported while 

consumption of healthy foods are overreported.
92

  Reliance on FFQs is likely to underestimate the 

true association between the variables of interest if recall or reporting error is unassociated with the 

outcome of interest.
157,318,324

  Alternatively, if the ability to recall past exposures is related to the 

outcome of interest, other types of exposure measurement bias may arise.
72,326

  This is particularly 

problematic in dementia research as the disease process directly effects memory function and 

consequently, recall accuracy.
211

  While the study was prospective in nature and explicitly noted the 

exclusion of prevalent dementia cases at baseline, cases of predementia or mild AD may have been 

missed as diagnostic tools may lack the ability to detect such cases.
21

  Subjects with mild cognitive 

deficits were clearly included in the study reported by Scarmeas et al.
211

  Consequently, the potential 

for differential recall cannot be eliminated as cognitively impaired subjects may have been less likely 

to accurately recall past exposure history.
207

  Limitations associated with self-reported dietary intake 

has highlighted the need for nutrient biomarker analysis to corroborate self-reported data.
203

  

Research suggests that estimation of Mediterranean diet using objective biomarkers is feasible.
327

  

Finally, criticisms have been raised with respect to the calculation of the Mediterranean diet 

adherence score employed in both studies.
328

  The commonly used scoring process compares 

consumption of each dietary pattern component to the population median.
207,208,209,211,318

  Critics have 

suggested that the distribution of scores should instead be based on thresholds prescribed by the 

Mediterranean diet pyramid.
328

  As suggested, the proposed method would better embody “adherence 

to the traditional Mediterranean diet”.
328

 

Inclusion of subjects with mild cognitive impairments or prevalent dementia at baseline may 

give rise to reverse causality if exposure status is altered as a result of the disease.
93

  While Scarmeas 

et al. explicitly reported the inclusion of subjects with mild cognitive deficits (CDR score of 0.5), all 

analyses were adjusted for baseline CDR score.
211

  Moreover, results remained relatively unchanged 
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when such cases were excluded from analyses examining the combined association of physical 

activity and Mediterranean diet adherence with risk of developing AD.
211

  In a previous study of the 

same cohort reported by the same author
207

, results remained consistent when subjects with mild 

cognitive deficits at baseline were excluded from the analysis which sought to examine the 

independent effect of Mediterranean diet adherence.  Analyses reported by Gu et al. did not control 

for baseline CDR score nor were sensitivity analyses excluding cognitively impaired subjects 

conducted.
318

  Although the potential for reverse causality cannot be entirely eliminated, previous 

research by Scarmeas et al. found that adherence to the Mediterranean diet was likely not influenced 

by mild cognitive deficits.
207

  More specifically, analyses of dietary intake ascertained at multiple 

time points suggested that adherence scores of subjects who did and did not develop AD remained 

consistent over a duration of more than 7 years.
207

 

Because AD can only be definitively diagnosed post-mortem according to neuropathological 

examination, the potential for outcome misclassification error is heightened when diagnosis relies 

solely on antemortem assessments.
21

  Outcome misclassification error can be reduced by ensuring 

that the data used to guide the diagnostic process is as accurate as possible.
329

  With respect to the 

NINCDS-ADRDA, this can be achieved by relying on experienced clinicians or personnel for the 

administration of the tool, incorporating objective measures (i.e. brain imaging), and further reducing 

subjectivity by employing a "consensus” panel decision making process.
26

  Both included 

publications indicated that a physician performed the neurological assessments and that a consensus 

diagnostic procedure, involving a panel of neurologists and neuropsychologists, was employed.
211,318

  

Scarmeas et al.
211

 indicated that computed tomography and magnetic resonance imaging data were 

used when available. The effect of the misclassification error is dependent on whether the 

measurement error is associated with the exposure under study.
330

  Gu et al.
318

 explicitly reported that 

members of the consensus panel were unaware of adherence status.  This would suggest that disease 

misclassification would be unrelated to exposure status and would likely attenuate the association 

between the variables of interest.
330

 

Participants who enroll or remain in a study may differ, with respect to the exposure and 

outcome of interest, from those who refuse participation or are lost to follow-up.
94,95

  Participants 

who enroll in the study may engage in healthy behaviours, in addition to adhering to a Mediterranean 

diet, which may explain the association between the variables of interest.
95

  Further, cohort studies 

may be susceptible to selection bias arising from differential losses to follow-up.
331

  If losses to 

follow-up were associated with adherence to the Mediterranean diet and the development of AD, the 

derived risk estimates would be erroneously attenuated or inflated.
245

  Both publications noted a 

difference between those lost to follow-up or otherwise excluded from the analysis (due to missing 
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frozen blood samples
318

, missing dietary intake assessments or physical activity data
211

) and those 

retained in the study.  Gu et al. reported that “participants with loss of follow-up or lack of blood 

samples were different from the remaining participants with regard to some AD risk factors”.
318

  

Similarly, Scarmeas et al.
211

 noted that subjects lost to follow-up or those excluded due to missing 

data differed from those included in the analysis with respect to putative AD risk factors such as 

education, BMI and co-morbidities.  While there was evidence that losses to follow-up or exclusions 

due to missing data were related to risk factors for the outcome of interest, this would likely give rise 

to biased risk estimates if losses or exclusions were also associated with Mediterranean diet 

adherence.
245

  According to an earlier publication examining the same cohort
207

, those excluded from 

analyses did not differ from those retained with respect to exposure status. Moreover, several of the 

putative risk factors for AD, including age, sex, education, APOE e4 status, co-morbidity index, and 

BMI were unassociated with adherence to the Mediterranean diet.  Despite these findings, the 

potential for selection bias in the WHICAP study cannot be entirely eliminated. 

While the observed association between adherence to the Mediterranean diet and risk of AD 

may be explained by confounding, both publications reported analyses adjusted for several 

demographic, lifestyle, and comorbid factors.  Analyses were also adjusted for APOE genotype, an 

established risk factor for AD.
332

  There is some evidence to suggest that caloric intake is associated 

with the Mediterranean diet
207

 and risk for Alzheimer’s disease
215

.  Analyses also accounted for the 

confounding effect of caloric intake.  Despite the rigorous adjustments for potentially confounding 

variables, residual confounding due to unmeasured or inadequately measured variables cannot be 

omitted.
333

 

Although this update provides some evidence of an association between Mediterranean diet 

adherence and risk of AD, the current evidence is inadequate for informing public health policy with 

respect to the development of dietary guidelines or interventions as no independent studies were 

identified.  The small yield of this updated review is reflective of the short duration between the 

current review and that reported by Sofi et al.
209

  However, the time interval adheres to the Cochrane 

recommendation of updating reviews every two years.
334

  The small number of available studies 

coupled with important limitations of the observational study design warrant cautious interpretation 

of the findings.  Only a single study reported in three
207,211,318

 publications is suggestive of a reduced 

risk of AD associated with higher adherence to the Mediterranean diet. Potential for selection bias, 

residual confounding, differential dietary recall and other potential sources of bias may explain the 

observed association.  Further, all three
207,211,318

 publications examine subjects derived from the same 

cohort.  Despite the generalizability of the ethnically diverse WHICAP cohort
207,211,318,319

, further 

studies examining different populations are needed to confirm the association between adherence to 
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the Mediterranean diet and risk of incident AD.  While RCTs may overcome a number of limitations 

associated with observational studies, the logistics (i.e. blinding, adherence) of conducting dietary 

intervention studies are complex and costly.
95

  Nonetheless, intervention studies have been 

conducted to examine the effect of Mediterranean diet adherence on cardiovascular outcomes.
207

  

Currently, the small number of available studies precludes a definitive conclusion regarding the 

association between Mediterranean diet adherence and risk of AD. While adherence to a healthy 

Mediterranean-like dietary pattern may confer health benefits, limited evidence precludes the 

development of dietary guidelines centered around the traditional Mediterranean diet as a primary 

prevention strategy for addressing AD incidence.
95,207
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CHAPTER 5: PSYCHOLOGICAL STRESS AND ALZHEIMER’S DISEASE: A DE NOVO 

SYSTEMATIC REVIEW 

 

 

5.1 Background 

 

Psychological stress has been implicated as a putative risk factor for numerous diseases 

including depression, hypertension, cardiovascular disease, cognitive decline and Alzheimer’s 

disease.
335,336,337,338,339

  Experimental studies have suggested that exposure to prolonged stress can 

expedite age-related changes.
340

  Exposure to stress initiates a series of events involving the 

hypothalamic-pituitary-adrenal (HPA) axis which is regulated by a negative feedback mechanism.
340

  

The sequence of events is initiated by the secretion of cortisol releasing factor (CRF) from the 

hypothalamus which then activates the secretion of adrenocorticotropic hormone (ACTH) from the 

pituitary.
340,341

   Next, ACTH triggers the discharge of glucocorticoids from the adrenal gland.
340,341

  

Glucocorticoids are integral to the stress response system as “they mobilize energy, increase 

cardiovascular tone, and suppress unessential anabolism such as growth, reproduction and 

inflammation” allowing the subject to adequately respond to the stressor.
340,341

  Moreover, 

glucocorticoids are essential for regulating the negative feedback mechanism by ceasing release of 

CRF and ACTH.
340,341

 

Although activation of the HPA-axis resulting in the release of glucocorticoids is integral for 

adequately responding to episodes of acute stress, chronic or prolonged periods of stress may result 

in “HPA-axis dysregulation” stemming from the inability of glucocorticoids to terminate the release 

of CRF through negative feedback.
340,342  

This impairment is due to “hypersecretion” of CRF and 

subsequent glucocorticoid excess.
342

  Glucocorticoid surplus has been associated with several 

pathological states including “myopathy, steroid diabetes, hypertension, immunosuppression, 

infertility, and inhibition of growth”.
340

  Experimental studies have shown that HPA-axis dysfunction 

resulting in excess cortisol, a glucocorticoid, leads to AD-related pathology including excess 

amyloid-beta plaques and tau protein.
343

  Excess glucocorticoid levels have also been associated with 

hippocampal atrophy which ultimately results in cognitive impairment and memory deficits.
344,345

  

Known as the glucocorticoid cascade hypothesis, it is hypothesized that the ensuing hippocampal 

atrophy further impacts the HPA-axis resulting in additional hippocampal damage.
340,344

  Because 

hippocampal damage is characteristic of Alzheimer’s disease, examining the effect of chronic stress 

and subsequent HPA-dysfunction may provide insight into the etiology of AD.
344

 

 Experimental studies have examined potential biological mechanisms linking stress and 

Alzheimer’s disease.  Studies have found that exposure to stress is associated with production and 
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accumulation of amyloid β (Aβ) and tau protein, constituents of the histopathological indicators of 

AD, amyloid plaques and neurofibrillary tangles.
13,14,346,347,348

  Using mouse models, Rissman et al. 

have demonstrated that exposure to prolonged or recurrent emotional stress resulted in increased tau 

phosphorylation in the hippocampus and production of insoluble tau protein.
346

  However, exposure 

to acute stress did not yield a sustained detrimental effect, suggesting that only chronic stress may be 

associated with AD pathology.
346

  The effect of stress on Aβ has also been examined in vivo.
347,348

 

Dong et al. reported increased amyloid plaque formation inTg2576 mice following exposure to 

stress.
347

  In a second study, exposure to both chronic and acute stress increased interstitial fluid 

(ISF) Aβ levels in mice.
348

  Because Aβ concentrations are associated with amyloid plaque 

formation, an integral component of AD pathophysiology responsible for neuronal damage, the 

effect of stress on Aβ concentrations is a viable mechanism by which exposure to stress may increase 

the risk of AD.
14,348

  Alternate biological mechanisms have also been proposed to explain the 

association between stress and AD.  Stress has been associated with excess pro-inflammatory 

cytokines and subsequent neuroinflammation, a factor implicated in AD-related pathological 

changes.
343,349

  Secondly, stress is associated with a number of putative risk factors for AD including 

“cardiovascular disease, hypertension, and central adiposity”.
343

  

 

Conceptualization of Stress 

 

The complexity of the conceptualization of stress is reflected in the numerous definitions and 

theoretical models available.  However, the different conceptualizations of stress can be synthesized 

into three broad categories: the engineering, physiological, and psychological approaches.
350,351

 The 

engineering and physiological approaches define stress as the environmental stimuli and the  

physiological response to external stimuli, respectively .
350,351

  The psychological approach provides 

a more sophisticated conceptualization of stress.  According to this approach, stress is the “dynamic 

interaction between the individual and their environment”.
351

  It takes psychological factors that 

impact the interaction between man and environment into consideration.
350,351

  This is considered the 

most thorough conceptualization of stress.
350

 

The psychological approach has given rise to interactional and transactional theories.
351

  

Interactional theories, such as the Person-Environment Fit (PE-fit) and the Demand-Control-Support 

(DCS) models, focus on the “structural characteristics” of the individual-environment (i.e. work) 

interaction.
350,351

  In the PE-fit model, individual and environmental factors impact the “goodness of 

fit”.
350,351

  Optimal fit occurs when individual factors (e.g. skills and abilities) are able to satisfy work 

demands and in turn, the individual’s needs are met and skills and abilities utilized.
350,351

  Potential 

for stress is minimized under such conditions.  The DCS model initially centered around job demand 
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and control.
350,351

  According to this model, stress and subsequent illness arises as a result of high job 

demand and low job control.
350,351

   Higher job control or support are believed to mitigate the effect 

of high job demand.
350

  An important limitation of this model involves the failure to consider 

“individual differences”.
350

  A cited example involves the differential need for control.
350

  That is, 

high control may not be universally beneficial (i.e. may cause stress in some).
350

  As noted by 

Broome et al., while both interactional models have been described in the context of the workplace, 

they can be applied to other environments.
351

 

Transactional theories center around perceptions of stress and therefore, “cognitive 

processes”.
350,351

  The Cognitive Theory of Psychological Stress and Coping is one example.
350

  

Briefly, the potential stressor is evaluated and if necessary, coping mechanisms are implemented.
350

  

This theory integrates the concept of individual differences as such factors (e.g. experiences, beliefs, 

goals, personality, etc.) are instrumental in the appraisal and coping process.
350

  That is, these factors 

drive what we consider stressful and the mechanism with which we deal with them.
350

  Essentially, 

stress is a result of the inability to cope.
350

 

As acknowledged by the Cognitive Theory of Psychological Stress and Coping, individual 

differences impact the appraisal of potential stressors.
350

  Individual differences with respect to 

personality traits are believed to at least partially explain differences in the appraisal and coping 

processes.
350

  In particular, the trait of neuroticism is characterized by increased vulnerability or 

proneness to psychological stress.
352

  Individuals higher in neuroticism have shown to experience 

stress “more [frequently]…and more [intensely]”.
352

  Neuroticism also impacts the coping 

process.
352,353

  More specifically, neuroticism has been linked to the utilization of poorer coping 

strategies.
353

  There is evidence to suggest that neuroticism is at least partially innate and is relatively 

consistent.
336,354

  In research, it has served as “an indicator of the cumulative level of psychological 

distress experienced across the lifespan” and has been used interchangeably with psychological or 

chronic distress.
336

 

Neuroticism is also associated with post-traumatic stress disorder (PTSD).
355

  PTSD arises as 

a result of severe psychological stress and is characterized by “autonomic/physiological, cognitive, 

and emotional symptoms”.
356

  Traumatic experiences can result in either temporary or sustained 

disturbance, the latter of which has been coined PTSD.
355

   Individuals higher in neuroticism are 

predisposed to PTSD.
355

  PTSD may be associated with AD by way of chronic stress.
367

  As such, the 

previously described biological mechanisms linking chronic stress to AD (i.e. HPA-dysfunction, 

hippocampal damage and atrophy, inflammation) are also believed to explain the association 

between PTSD and AD.
367

  Both neuroticism and PTSD serve as indicators or “markers of chronic 

stress”.
357,366 
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5.2 Objective 

  

This study attempts to systematically review and collate the available epidemiological 

evidence with respect to the association between psychological stress and stress indicators with risk 

of AD. 

 

5.3 Literature search strategy        

   

 

The search strategy was developed in consultation with Lindsay Sikora, an information 

specialist involved in the National Population Health Study of Neurological Conditions.  The search 

strategy was developed in the MEDLINE and MEDLINE In-Process & Other Non-Indexed Citations 

databases (1948 – July 2012).  The strategy consisted of keywords and MEDLINE controlled 

vocabulary or “medical subject headings” (meSH) associated with four concepts: disease 

terminology, risk/risk factor terminology, terminology related to psychological stress, and 

terminology aimed at identifying observational studies.  Terms used for the disease concept were:  

“Alzheimer*”, “Alzheimer’s disease/”, “dementia/”, “presenile dementia*”, “acute confusional 

senile dementia”, “senile dementia*”, “primary senile degenerative dementia”, and “primary 

degenerative senile”.  The risk/risk factor concept was integrated using a search filter aimed at 

restricting the search to studies investigating etiological risk factors.  Terms included in the search 

filter were: “risk/”, “etiology”, and “prevention and control”.  Using a methodological search filter, 

the search was further narrowed to yield observational studies.  Terms included in the 

methodological filter were: “epidemiologic studies/”, “case control studies/”, “cohort studies/”, 

“Cohort analy$”, “Follow up adj (study or studies)”, “observational adj (study or studies)”, 

“longitudinal”, “retrospective”, and “cross-sectional studies/”.  Finally, stress-related terminology 

included: “Stress Disorders”, “Traumatic/ or Stress Disorders”, “Post-Traumatic/ or Stress 

Disorders”, “Traumatic”, “Acute/ or Stress”, “Psychological/ or stress”.  Keywords and mesh terms 

within each concept were combined using the BOOLEAN operator “OR” while the concepts 

themselves were combined using the BOOLEAN operator “AND”.   The search was limited to 

humans and a language limit was applied to restrict the search to English and French articles.  To 

maximize the comprehensiveness of the search, additional databases including EMBASE, 

PsycINFO, Ageline, and CINAHL were also searched. In alternate databases, the search strategy 

retained its structure; however, database-specific medical subject headings and filters were applied to 
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ensure compatibility.  Medline, EMBASE, and CINAHL were searched from their inception until 

July 2012.  The remaining databases were searched from inception until February 2013.   

To minimize the potential for publication bias, the grey literature was searched to identify 

unpublished systematic reviews.
43

  The grey literature search involved handsearching two disease-

specific journals, namely the International Journal of Alzheimer’s disease and the American Journal 

of Alzheimer’s disease and Other Dementias, an internet search of Google and GoogleScholar, and 

handsearching relevant articles.  A search of the grey literature was conducted in February 2013.  

Refer to Appendix C-1 for the grey literature and database specific search strategies. 

 

5.4 Selection Criteria         

    

 

The retrieved studies were exported from the databases into a reference management 

software package (Reference Manager, version 10.0; Thomas Reuters; New York, NY).  Once 

imported into Reference Manager 10.0, the retrieved articles were then exported into DistillerSR, an 

internet-based screening and data extraction tool (DistillerSR, Evidence Partners, Ottawa, Canada). 

A two-tiered approach was employed for study screening in DistillerSR.  In the primary 

screening level, the title and abstract of identified studies were examined.  Studies deemed relevant 

or potentially relevant advanced to the secondary screening level.  At this stage, the study was 

examined in its entirety and eligibility was determined based on a priori established selection criteria.  

Relevancy was established according to selection criteria pertaining to the population, exposure, 

outcome and study design.  With respect to study populations, cohort studies examining adults with 

“normal cognition” were eligible for inclusion.  Studies examining psychological stress, stress 

subtypes, and indicators of stress were included.   To remain consistent with research practices, 

studies were required to ascertain the outcome, a clinical diagnosis of AD,  according to the criteria 

of the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV-TR), the 

Neurological Disorders and Stroke-Alzheimer Disease and Related Disorders (NINCDS-ADRDA), 

and the World Health Organization’s (WHO) International Classification of Diseases (10
th
 revision, 

ICD-10) .
358,359

  Finally, only case-control and cohort studies were eligible for inclusion.   

 

Studies satisfying the following criteria were eligible for inclusion: 

 

 Population – Adults.  For cohort studies, adults had to be free of cognitive impairment 

at baseline
20

 



 

 

204 

 

 Exposure – Psychological stress, stress subtypes, and stress indicators  

 Outcome- Diagnosis of Alzheimer’s disease according to neuropathologic examination 

or widely accepted criteria, namely,  the criteria of the Diagnostic and Statistical Manual 

of Mental Disorders, third (DSM-III) or fourth edition (DSM-IV-TR), the Neurological 

Disorders and Stroke-Alzheimer Disease and Related Disorders (NINCDS-ADRDA), or 

the World Health Organization’s (WHO) International Classification of Diseases (10
th
 

revision, ICD-10). 

 Study Design –Case-control and cohort studies. 

 

Studies were excluded from the review if any of the following criteria were satisfied: 

• The outcome of interest was cognitive decline, Mild Cognitive Impairment (MCI) or 

non-AD dementias (ex. Frontotemporal dementia, Pick’s disease, Lewy body dementia, 

Vascular dementia, Creutzfeldt-Jakob disease) 

• The study failed to distinguish AD from all-cause dementia or dementia subtypes (e.g. 

study reported on risk of all-cause dementia and did not provide risk estimates for 

Alzheimer’s disease) 

• AD was not diagnosed according to NINCDS-ADRDA, ICD, or DSM criteria 

• Study did not report risk estimates or did not provide sufficient data to generate a risk 

estimate 

• Study was focused on progression from MCI to AD (i.e. study examines cognitively 

impaired subjects) 

• Although anxiety and psychological stress are “related constructs”, studies that solely 

reported on the effect of anxiety were excluded.
360

 

• The study employed an alternative methodological design (e.g. cross-sectional studies, 

ecological studies, narrative reviews, etc.) 

• Full article could not be obtained 

 

5.5 Study Selection Method 

 

To minimize the biased inclusion of studies, duplicate screening was employed for both 

screening levels.  The “liberal accelerated” duplicate screening process, employed in the conduct of 

systematic reviews by the Ottawa Methods Center, was used.
46

  Briefly, only studies that were 

eliminated by the lead reviewer underwent independent review by a second reviewer.  The liberal 
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accelerated method was employed to reduce the number of articles that required duplicate screening 

thereby resulting in a more efficient use of resources.
46

  In the event of discordance, the study in 

question was re-examined by both reviewers and a decision was reached through consensus.  Studies 

that satisfied the selection criteria advanced to the quality assessment phase of the review.   

 

      

5.6 Quality Appraisal 

  

The methodological quality of identified studies was evaluated according to the Newcastle-

Ottawa Scale (NOS) which considers the selection of subjects, methods for exposure and outcome 

ascertainment, adequacy of confounding adjustment, and the duration and completeness of follow-up 

(where applicable).
361

  The instrument is a nine-point scale with higher scores denoting superior 

methodological quality.  The scale is divided into two sections for the evaluation of cohort and case-

control studies.  The scale is further divided into the following domains: selection, comparability, 

and outcome with the latter domain replaced by “exposure” for the evaluation of case-control 

studies.  Due to its subjectivity, the following clarifications were made a priori. 

With respect to cohort studies, a point (or star) was assigned to the first item of the 

“selection domain” if the exposed subjects were representative of the average stressed subject in the 

community.
361

  One point was assigned to this first item if the exposed cohort was either “truly” or 

“somewhat” representative.
361

  Because stress is a universal phenomenon, population-based cohort 

studies were considered most likely to recruit subjects who were “truly” representative of the 

average stressed subject in the community.  A similar criterion, with respect to assigning a point to 

population-based studies, was employed in a previous systematic review.
362

  Studies which recruited 

subjects from the community, without restricting recruitment to a “specific group”, were considered 

“somewhat representative”.
361

  A point was assigned to the second item of the tool if non-exposed 

subjects were derived from the same source as exposed subjects.
361

  Use of medical records or 

structured interviews for exposure ascertainment justified a point for the third item of the domain.  

Studies which utilized self-administered questionnaires were not eligible for a point.
361

  A point was 

assigned to the final item of the “selection” domain if exclusion of prevalent cases at baseline was 

explicitly stated.  With respect to the second domain of the instrument, “comparability”, one point 

was assigned if the study minimally adjusted for the confounding effect of demographic variables, 

namely age and sex.  A second point was assigned if additional adjustments for vascular (e.g. 

hypertension, diabetes) and/or lifestyle factors (e.g. physical activity, smoking) were conducted.  A 

point was assigned to the first item of the “outcome” domain if AD was ascertained according to 
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“independent or blind assessment” or according to medical records using relevant ICD-9 codes.
361

  

To remain consistent with previous research, adequate length of follow-up was defined as a 

minimum of two years (for studies on AD).
20

  For the final item, follow-up rates exceeding 80% was 

selected as an acceptable threshold.
363

  Studies that reported complete follow-up of all subjects 

(100%) or rates exceeding 80% were assigned a point.   

With respect to case-control studies, a point was assigned to the first item of the selection 

domain if AD was ascertained according to data obtained from a clinical diagnostic work-up.  

Evaluation of comparability remained consistent with the criteria used for cohort studies.  The 

remaining items were assessed according to the criteria specified in the instrument. 

Individual item scores were summed to obtain a total quality score.  Studies were then 

categorized as high (8-9 points), moderate (6-7), or low (≤ 5 points) according to previously 

employed thresholds.
364

  Quality assessment was conducted independently by two reviewers.  Refer 

to Appendix C-2 the Newcastle-Ottawa Scale. 

 

5.7 Data Extraction Strategy   

 

In addition to the study findings (e.g. risk estimates), population (e.g. race/ethnicity, age, 

sex) and methodological (e.g. study design, length of follow-up, source of participants, 

exposure/outcome ascertainment) characteristics were extracted. To minimize the potential for bias, 

data was independently extracted by two reviewers.  In the event of discordant data collection, 

concordance was attained through discussion.   

 

 

5.8 Literature Search Results 

 

The database search yielded 623 articles.  Of these studies, 302 citations were retrieved from 

MEDLINE and MEDLINE In-Process & Other Non-Indexed Citations databases, 255 from 

EMBASE and EMBASE Classic, 23 from CINAHL, 28 from PsycINFO, and 15 from AgeLine.  An 

additional 72 records were identified through the grey literature search.  One additional study
365

 was 

identified through hand searching the reference list of relevant studies.  A total of 405 unique records 

remained following the duplicate citation removal process in DistillerSR.  Of the 405 studies, 374 

were deemed irrelevant based on a review of the title and abstract and were consequently excluded. 

  Of the remaining 31 studies eligible for full article screening, nine studies satisfied the 

inclusion criteria and were included in the qualitative synthesis.  Of the remaining 22 studies, 17 
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were excluded because AD was not an outcome of the study, AD was not diagnosed according to 

acceptable criteria, or the study failed to adequately distinguish AD from all-cause dementia (i.e. risk 

estimates for AD were not reported).   Two studies were excluded because they did not examine risk 

of AD associated with the exposure of interest.  The remaining three studies were excluded because 

the study did not utilize the case-control or cohort design, the study examined risk of progression 

from mild cognitive impairment to AD, or risk estimates were not reported or there was a lack of 

sufficient data to generate a risk estimate.  Refer to Figure 5 for the flow of studies at each stage of 

the review process.  A list of the 22 studies excluded in the secondary screening phase, along with 

reasons for exclusion, can be found in Appendix C-3.  Refer to Appendix C-4 for a list of included 

studies. 
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Figure 5 - PRISMA Flow Diagram: De Novo Systematic Review 

405 records after duplicate removal  

405 records underwent title and 

abstract screening  

 
22 records excluded:  

 AD was not an outcome/ AD was not 

diagnosed according to acceptable 

criteria/the study failed to adequately 

distinguish AD from all-cause dementia 

(n=17) 

 Did not examine risk of AD associated with 

the exposure of interest among cognitively 

intact subjects (n=2) 

 Did not provide risk estimates or sufficient 

data to generate risk estimates (n=1) 

 Not a case-control or cohort study (n=1) 

 Reported on risk of progression from MCI 

to AD (n=1) 

374 articles excluded 
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PRISMA Template Source:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 

doi:10.1371/journal.pmed1000097 
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5.9 Clinical and Methodological Characteristics 

 

Included studies were conducted in Sweden
343,365,366 

or the United States of 

America
336,367,368,369,370,371

.  Although the ethnic or racial origin of participants was not adequately 

described in most studies, based on the locations of the included studies, it is apparent that a majority 

of the participants were Caucasian.  Two studies by Wilson et al.
336,368

 specifically indicated the 

inclusion of African-American participants.  Age of participants at baseline ranged from 47.0 to over 

90 years of age.   

Three
336,369,370

 studies were community-based and four
343,365,366,368

 were population-based 

studies.  The remaining studies by Duberstein and Yaffe et al. examined subjects recruited from the 

Ginko Evaluation of Memory (GEM) randomized trial
371

 and veterans assessed in U.S. Department 

of Veterans Affairs medical centers
367

, respectively.  Seven
336,343,365,368,369,370,371

 of the nine studies 

employed a prospective cohort design and one
367

 was a  retrospective cohort study. The remaining 

study
366

 utilized data from a population-based cohort but was analyzed as both a case-control and co-

twin (matched pair case-control study comparing “discordant” twins with respect to dementia 

status
366

) study.  Among the prospective cohort studies, length of follow-up ranged from 2.7 to 35 

years.  Six cohort studies reported data pertaining to follow-up rates or losses to follow-up.  Among 

three studies reported by Wilson et al.
336,369,370

 follow-up data was available for 98.9%, 92.8%, and 

95.7% of all eligible subjects, respectively.  Johansson et al.
343

 reported participation rates of 91%, 

83%, 70% and 71% for the four follow-up assessments of the Prospective Population Study of 

Women, respectively.  Of the 1473 subjects available in the Kungsholmen Project, 325 subjects were 

unavailable for follow-up assessments due to death, unwillingness, or emigration.
365

  Finally, Yaffe 

et al. reported that outcome status could not be ascertained for 13.1% of available subjects as they 

“were not seen at a VA health care facility during the follow-up period”.
367

  The characteristics and 

findings of the identified studies are summarized in Table 22.
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Table 22 - Characteristics and findings of the included studies 

 
Source,  

 

Study 

Location,  

 

Study design 

Study 

population 

Sample size 

(cases/N) 

Mean 

age at 

baseline 

(years) 

or Age 

range,  

 

% 

Female 

Average 

length 

of 

follow-

up 

(years)  

Risk factor 

 

Method for 

stress 

ascertainment 

 

 

Respondent 

Diagnostic 

criteria 

Covariates Results, Risk estimate (95% 

CI) 

Andel et al.
366

 

 

Sweden  

 

Cohort study 

 

 

 

 

 

 

Elderly 

persons 

from the 

"population-

based 

registry of 

all twins 

residing in 

Sweden" 

167/10106 72.7 (SD 

= 6.2),  

 

52% 

N/A Work-related 

stress, 

 

Telephone  

interview,  

 

Participant or 

proxy 

respondent (“a 

spouse or adult 

child”) 

 

NINCDS-

ADRDA 

Age (at 

screening), 

sex, education, 

vascular 

disease, work 

complexity, 

manual work 

(a) Lower job control (OR: 

1.04; 95% CI: 0.88, 1.23) 

 

(b) Lower social support (OR: 

1.22; 95% CI: 1.02, 1.46) 

 

(c) Greater job strain (OR: 0.95; 

95% CI: 0.79, 1.13) 

 

 

 

Wang et al.
365

 

 

Stockholm, 

Sweden  

 

Cohort study 

Elderly 

persons 

participating 

in the 

population-

based 

Kungsho-

lmen 

Project 

197/913 75+ 

 

74.3% 

(non-

demented 

group) 

 

84.3% 

(AD 

group) 

 

6.0 (5.4 

median) 

 

(4298 

person-

years) 

Work-related 

stress, 

 

Questionnaire 

administered 

in-person by a 

nurse, 

 

Proxy 

respondent 

(spouse or 

child) 

Similar to 

NINCDS-

ADRDA 

Age, sex, 

education, 

depressive 

symptoms, 

vascular 

disease, APOE 

(a) Job control (high job control 

as referent): 

 

Moderate (HR: 2.10; 95% 

CI: 1.20, 3.90) 

 

Limited (HR: 2.20; 95% 

CI: 1.20, 4.10) 

 

Low (HR: 2.30; 95% CI: 

1.20, 4.30) 

 

Low-to-moderate (HR: 

2.20; 95% CI: 1.20, 3.90) 
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High job control (continuous 

variable) -  HR: 0.92; 95% CI: 

0.81, 1.04 

 

(b) Job demands (high job 

demands as referent):  

 

Moderate (HR: 1.40; 95% 

CI: 0.90, 2.10) 

 

Limited (HR: 1.40; 95% 

CI: 0.90, 2.20) 

 

Low (HR: 1.30; 95% CI: 

0.80, 2.10) 

 

Low-to-moderate (HR: 

1.40; 95% CI: 0.90, 2.00) 

 

High job demand (continuous 

variable) -  HR: 0.98; 95% CI: 

0.87, 1.10 

 

(c) Job strain (active job strain 

as referent): 

 

Low (HR: 0.50; 95% CI: 

0.10, 4.10) 

 

Passive (HR: 1.90; 95% CI: 

1.03, 3.60) 

 

High (HR: 1.90; 95% CI: 

1.00, 3.40) 

 

Low-to-moderate (HR: 

1.40; 95% CI: 0.90, 2.00) 
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Johansson et 

al.
343

 

 

Gothenburg, 

Sweden  

 

Cohort study 

Female 

members 

from the 

population-

based  

Prospective 

Population 

Study of 

Women 

105 /1415 47.0 (SD 

= 6.0),  

 

100% 

35.0  

 

(40 089 

person-

years) 

Midlife 

psychological 

stress, 

 

Self-reported 

responses to a 

single question 

administered 

in-person by a 

physician,  

 

Participant 

NINCDS-

ADRDA 

Age, 

education, 

marital status, 

socioeconomic 

status, having 

children, 

smoking, wine 

consumption, 

physical 

activity, 

coronary heart 

disease, 

hypertension 

and waist-to-

hip ratio 

(a) Frequent/constant stress vs. 

No stress reported in 1968  

(HR: 2.14; 95% CI: 1.36, 3.38) 

 

(b) Frequent/constant stress vs. 

No stress reported in 1974 (HR: 

1.74; 95% CI: 1.09, 2.78) 

 

(c) Frequent/constant stress vs. 

No stress reported in 1980 (HR: 

1.58; 95% CI: 0.90, 2.77) 

 

Wilson et al.
336

 

 

USA  

 

Cohort study 

Elderly 

members of 

the Catholic 

clergy 

enrolled in 

the 

community-

based 

Religious 

Orders 

Study 

140/797 75.2 (SD 

= 7.0),  

 

68.4% 

4.9 Proneness to 

psychological 

distress, 

 

12-item 

Neuroticism 

Scale from the 

NEO Five-

Factor 

Inventory,  

 

Participant 

NINCDS-

ADRDA 

Age, sex, 

education, 

depressive 

symptoms 

Each one-point increase on the 

distress proneness scale (HR: 

1.05; 95% CI: 1.01, 1.08) 

 

Results unchanged when 

adjusted for depressive 

symptoms 

Wilson et al.
368

 

Chicago, USA  

 

Cohort study 

Population-

based study 

of elderly 

persons 

residing in 

Chicago 

170 /1064 73.8 

(SD= 

9.6),  

 

61.9% 

3 to 6
a
 

 

 

Proneness to 

psychological 

distress, 

 

4-item 

Neuroticism 

Scale from the 

NEO Five-

Factor 

Inventory,  

 

Participant 

NINCDS-

ADRDA 

Age, sex, race, 

education, 

possession of 

an APOE-e4 

allele, and 

follow-up 

time, 

depressive 

symptoms 

Each one-point increase on the 

distress proneness scale (OR: 

1.06; 95% CI; 1.01, 1.11) 

 

Results unchanged when 

adjusted for depressive 

symptoms 
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Wilson et al.
369

 

 

Chicago, USA  

 

Cohort study 

Elderly 

persons 

from the 

community-

based Rush 

Memory 

and Aging 

Project 

55 /648 80.6 

(SD= 

6.9),  

 

73.5% 

2.7 

 

 

Proneness to 

psychological 

distress, 

 

6-item 

Neuroticism 

Scale from the 

NEO Five-

Factor 

Inventory,  

 

Participant 

NINCDS-

ADRDA 

Age, sex, 

education, 

depressive 

symptoms 

Each one-point increase on the 

distress proneness scale (OR: 

1.06; 95% CI; 1.02, 1.10) 

 

Results unchanged when 

adjusted for depressive 

symptoms 

 

Wilson et al.
370

 

 

Chicago, USA  

 

Cohort study 

Elderly 

persons 

from the 

community-

based Rush 

Memory 

and Aging 

Project 

94/785 80.7 (SD 

= 7.4),  

 

76.3% 

3.4 (SD 

=1.4) 

Multiple 

domains of 

neuroticism 

(anxiety, angry 

hostility, 

depression, 

self-

consciousness, 

impulsiveness, 

vulnerability 

to stress), 

 

48-item 

Neuroticism 

scale from the 

NEO 

Personality 

Inventory-

Revised,  

 

Participant 

NINCDS-

ADRDA 

Age, sex, 

education 

(a) Anxiety (HR: 1.05; 95% CI: 

1.01, 1.09) 

 

(b) Angry hostility (HR: 1.00; 

95% CI: 0.96, 1.05) 

 

(c) Depression: (HR: 1.04; 95% 

CI: 0.99, 1.08) 

 

(d) Self-consciousness (HR: 

1.03; 95% CI: 0.98, 1.08) 

 

(e) Impulsiveness: (HR: 1.01; 

95% CI: 0.96, 1.06) 

 

(f) Vulnerability to stress (HR: 

1.06; 95% CI: 1.01, 1.12) 

 

Duberstein et 

al.
371

 

 

USA  

 

Cohort study 

Participants 

enrolled in 

the Gingko 

Evaluation 

of Memory 

(GEM) trial 

116/767 78.6 (SD 

= 3.1),  

 

41.9% 

6.1 

(median) 

 

(4410.6 

person-

years) 

Neuroticism, 

 

12-item 

Neuroticism 

Scale from the 

NEO Five-

Factor 

NINCDS-

ADRDA 

Age, gender, 

race, 

education, 

Modified 

Mini-Mental 

State Exam 

score, Center 

Each SD increase in 

neuroticism (HR: 1.36; 95% CI: 

1.08, 1.71) 
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Inventory,  

 

Participant 

for 

Epidemiologic 

Studies 

Depression 

Scale (CES-D) 

score, 

hypertension, 

diabetes, 

osteoporosis, 

cancer within 

past five years, 

cardio-

vascular 

disease 

(coronary 

heart disease, 

angina, stroke, 

transient 

ischemic 

attack, bypass 

surgery, 

angioplasty) 

Yaffe et al.
367

 

 

USA  

 

Cohort study 

Veterans 

receiving 

medical 

care at VA 

health care 

facilities   

3882/181093 68.8 (SD 

= 8.6) 

 

3.5% 

7.2 

(range, 

0.1-7.4) 

Posttraumatic 

stress disorder 

(PTSD), 

 

Patient records 

using ICD-9-

CM code of 

309.81 

(PTSD)  

ICD-9-CM 

code 331.0 

Age, sex, 

race/ethnicity, 

education, 

income, 

hypertension, 

diabetes, 

myocardial 

infarction, 

cerebro-

vascular 

disease, 

clinical 

depression, 

substance 

abuse, head 

injury 

HR: 1.71; 95% CI: 1.58, 1.85 

aAverage years of follow-up not provided. 
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5.10 Exposure ascertainment 

 

Work-related stress was the exposure of interest in two
365,366

 of the included studies while 

post-traumatic stress
367

, midlife psychological stress
343

, global measures of neuroticism/proneness to 

psychological stress
336,368,369,371

, and multiple domains of neuroticism
370

, including vulnerability to 

stress, were examined in the remaining seven studies.  Although interrelated, differences across these 

exposure variables warranted differentiation in the qualitative synthesis.  

Among the seven prospective studies, the exposure was ascertained according to self-

336,343,368,369,370,371
 or proxy

365
-reported responses to a questionnaire

336,365,368,369,370
 or a single 

question
343

 administered in-person.  In three prospective studies
343,365,369

 the question or questionnaire 

was administered by a trained professional, namely, a nurse
365

 or a physician
343

.  In the retrospective 

cohort study by Yaffe et al., post-traumatic stress was ascertained according to medical records 

obtained from the VA National Patient Care Database.
367

  More specifically, a positive diagnosis of 

PTSD required an ICD-9 code of 309.81 on a minimum of two visits.
367

  Finally, work-related stress 

was ascertained according to a telephone interview completed by the participant or a proxy 

informant in the Swedish Twins study.
366

 

Among the prospective cohort studies, exposure status was ascertained only at baseline in 

three
336,368,369

 studies, at baseline and follow-up assessments in one
343

 study, and only at the first 

follow-up assessment in one
365

 study.  The exposure was ascertained at baseline in the study reported 

by Duberstein et al.
371

; however, it is unclear whether the exposure was re-examined at each follow-

up.  Timing of exposure ascertainment was unclear in the remaining prospective cohort study
370

.  In 

the retrospective cohort study by Yaffe et al., PTSD was ascertained during the baseline period.
367

  

Finally, occupational data used to ascertain work-related stress was collected at baseline in the 

Swedish Twin Registry study
366

.   

 

5.11 Outcome ascertainment 

 

All cohort studies explicitly stated that dementia and/or AD was ascertained at baseline to 

exclude prevalent cases.  Participants of the Swedish Twin Registry
366

 were not disease-free at 

baseline; consequently, prevalent cases of dementia were included in the analysis. 

A positive diagnosis of AD was ascertained according to existing medical records in one
367

 

study. In the remaining eight studies, AD was ascertained according to a diagnostic work-up 

involving psychiatric examination
343

, medical history
336,343,368,369,370

, neurologic/neuropsychological 

examination
336,368,369,370,371

, cognitive function testing
336,368,369

, close informant interviews
343

, brain 
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imaging
336,368,371

, and other unspecified in-person clinical examinations
366

. A positive diagnosis of 

AD was then ascertained according to the NINCDS-ADRDA or similar criteria administered by an 

experienced neurologist
336

, geriatrician
336

, geriatric psychiatrist
343

, clinician(s)
365,369,370,371

, or 

unspecified personnel
366,368

.  Two studies
343,365

 relied on clinical records, death certificates, and 

hospital discharge records for deceased participants or those lost to follow-up. 

 

5.12 Covariates 

 

All included studies adjusted for the potentially confounding effects of age, sex and 

educational attainment.  Five
343,365,366,367,371

 studies adjusted for vascular risk factors and two
365,368

 

considered the effect of APOE genotype. 

 

5.13 Quality Appraisal 

 

All studies were deemed to be of high
343,365,367,369

 or moderate methodological quality 

according to the NOS.  A point was assigned to all but one
336

 cohort study for the first item of the 

instrument which considers the representativeness of the exposed cohort.  More specifically, a point 

was assigned to two
365,368

 studies which examined population-based cohorts, Yaffe et al. earned a 

point as veterans were considered representative of subjects afflicted with PTSD in the community, 

and three
369,370,371

 studies were assigned a point for being “somewhat” representative (i.e. subjects 

recruited from the community).  Although the study reported by Johansson et al. was a population-

based study, it was restricted to females and was consequently considered only “somewhat 

representative”.  The remaining study
336

 was not assigned a point as recruitment was restricted to a 

“specific group”, namely, members of the Catholic clergy.  All cohort studies were assigned a point 

for the second item of the “selection” domain as non-exposed subjects were consistently recruited 

from the same source as exposed subjects (i.e. exposed subjects were compared to an internal 

comparison group
372

 derived from the same cohort).  Three
343,365,369

 studies were assigned a point for 

ascertaining the exposure according to structured interviews and one
367

 was allocated a point for 

relying on medical records.  The remaining studies relied on self-administered questionnaires or did 

not clearly state that the questions were administered by an interviewer.  All eight cohort studies 

were assigned a point for explicitly stating that prevalent cases were excluded at baseline or the 

cohort was dementia-free at study onset.  All studies were allocated a point for controlling for the 

confounding effect of demographic variables while four
343,365,367,371

 studies were assigned an 

additional point for adjusting for vascular and/or lifestyle factors.  Seven studies were assigned a 
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point for employing independent or blind
371

 outcome assessment. The remaining study
367

 was 

assigned a point for relying on medical records using ICD-9 codes to identify cases.  Length of 

follow-up exceeded two years in all studies. Therefore, all studies were awarded a point for 

employing an adequate length of follow-up.  Three
336,369,370

 studies were assigned a point for 

reporting follow-up rates exceeding 80%.  A point was also assigned to the only retrospective cohort 

study
367

 as follow-up data was missing for only 13.1% of subjects.  Johansson et al.
343

 reported 

follow-up rates below 80% for two of the four follow-up assessments.  Wang et al.
365

 specified that 

325 out of 1238 subjects (those who were not lifetime housewives and who had information on 

occupation) were deceased (n=153) or lost to follow-up due to refusal or emigration (n=172).  Both 

studies
343,365

 relied on existing records (e.g. medical records, death certificates) to ascertain the 

outcome for subjects who died
365

 during the course of the study and/or were otherwise lost to follow-

up
343

.  As Wang et al. was able to ascertain the outcome for subjects who died (n=153), the follow-

up rate exceeded 80%.  Despite attempts made by Johansson et al.
343

 to mitigate losses, the extent to 

which this improved follow-up rates was unclear.  As such, a point was not provided as follow-up 

rates were below 80% for the last two follow-up assessments.  Finally, the remaining studies
368,371

 

were not assigned a point as follow-up rates or methods to ascertain the outcome in those lost to 

follow-up were not specified. 

With respect to the study reported by Andel et al., which was analyzed as a case-control 

study, a point was assigned for relying on a clinical diagnostic workup for outcome ascertainment, a 

point was assigned to the second item as all eligible cases (i.e. those deemed cognitively impaired by 

a screening test) were assessed for dementia, a point was assigned to the third item as controls were 

derived from the same population as cases (Swedish Twin Registry), a point was assigned to the 

fourth item as controls were free of dementia, and two points were assigned for comparability as 

demographic variables and vascular risk factors were controlled for in analyses.  A point was not 

assigned to the remaining items as the exposure was ascertained according to telephone interview 

without specifying that the interviewer was blind to outcome status, different methods were 

employed for exposure ascertainment of cases and controls, and non-response rates were not 

specified, although characteristics of non-participants were described.
366

  Refer to Table 23 and 

Table 24 for a tabular summary of the quality appraisal of relevant studies. 
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Table 23 - Quality appraisal of cohort studies according to Newcastle-Ottawa Scale
§
 

 
 

 

Source 

Selection Comparability Outcome 

 

Total 

Score 

Representativeness 

of Exposed Cohort 

Selection of 

the 

Nonexposed 

Cohort 

Ascertainment 

of Exposure 

Exclusion 

of 

Prevalent 

Cases 

Comparability 

of Cohorts 

Assessment 

of Outcome 

Adequate 

Length of 

Follow-

up 

Completeness 

of Follow-up 

 

Wang et 

al. 

A(*) A(*) B(*) A(*) A and B(**) A(*) A(*) B(*) 

 

9 

Wilson et 

al., 2003 

C  A(*) C A(*) A(*) A(*) A(*) B(*) 

 

6 

Wilson et 

al., 2005 

A(*) A(*) C A(*) A(*) A(*) A(*) D 6 

Wilson et 

al., 2006 

B(*) A(*) B(*) A(*) A(*) A(*) A(*) B(*)  8 

Wilson et 

al., 2011 

B(*) A(*) C A(*) A(*) A(*) A(*) B(*)  7 

Duberstein 

et al. 

B(*) A(*) C A(*) A and B (**) A(*)  A(*) D 7 

Johansson 

et al. 

B(*)  A(*) B(*) A(*) A and B(**) A(*) A(*) C 8 

Yaffe et 

al. 

A(*)  A(*) A(*)  A(*) A and B(**) B(*)  A(*) B(*)  9 

 
§
Letters denote the selected option for each item of the NOS (see instrument). Stars (*) denote a point. 

 

Table 24 - Quality appraisal of case-control studies according to Newcastle-Ottawa Scale
§
 

 

 

 

Source 

Selection Comparability Exposure Total 

Score 

Adequacy 

of case 

definition 

Representativeness 

of cases 

Selection 

of 

controls 

Definition 

of 

controls 

Comparability Ascertainment 

of exposure 

Same 

methods for 

exposure 

ascertainment 

of groups 

 

Non-

response 

rate 

 

Andel et al. A(*) A(*)  A(*) A(*) A and B(**) C B B 6 
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5.14 Statistical Analyses 

 

Studies varied with respect to the measure or type of stress under examination.  This source of 

methodological heterogeneity precluded a meta-analysis.  Alternatively, studies were summarized 

qualitatively. 

 

5.15 Study Findings 

 

5.15.1 Proneness to Psychological Stress, Neuroticism 

 

 

Four longitudinal cohort studies
336,368,369,370

 reported by the same author examined the association 

between proneness or vulnerability to psychological distress, ascertained in late-life, and the risk of AD.  

In the earliest study
336

, participants were recruited from the Religious Orders Study, a community-based 

cohort study of elderly members of the Catholic clergy.  The 2005 population-based study examined a 

racially diverse sample recruited “from a geographically defined area of Chicago”
368

, while the 2006 and 

2011 studies recruited participants from the community-based Rush Memory and Aging Project
369,370

.  

Neuroticism served as an indicator of proneness to psychological stress in all four studies.  The exposure 

was ascertained according to self-reported responses on the Neuroticism Scale from the NEO Five-Factor 

Inventory.  However, variations of the instrument were employed across the four studies.  More 

specifically, a 12-item version of the instrument was employed in the 2003 study
336

, a 4-item version in 

the 2005 study
368

, a 6-item version in the 2006 study
369

, and a 48-item version in the most recent study
370

.  

Respondents were required to assign a score ranging from 0 to 4 on each item of the instrument and 

scores from each item were summed to obtain a total score of proneness/vulnerability to psychological 

distress
336

.  Three studies
336,368,369

 considered the effect of proneness to psychological stress using a global 

score of neuroticism while the remaining study
370

 examined the effect of each domain of neuroticism, 

including vulnerability to stress.  The 12-item version has shown to have “good reliability and convergent 

validity in a variety of samples”.
373

  Both the 4- and 6-item scales are considered to have good validity as 

they correlate well with the 12-item scale (4-item: r = 0.86; 6-item: r = 0.90; p<0.001).
368,369

  The 48-item 

scale from the NEO PI-R has shown to have “good internal consistency and test-retest stability”.
374

  A 

clinical diagnosis of AD was ascertained according to the NINCDS-ADRDA following clinical and 

neurologic examination.  Finally, three
336,369,370

 of the four studies examined the association between 

distress proneness and AD pathology using autopsy results from participants who died during the course 

of the study.     
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According to the results of the 2003 study, a total of 140 of the 797 participants recruited from 

the Religious Orders Study developed AD (mean follow-up = 4.9 years).
336

  Multivariable-adjusted Cox 

proportional hazards models were used to estimate hazard ratios (HRs) and 95% CIs.   In the model 

adjusted for age, sex, and education, there was a 6% increased risk of AD associated with “each 1-point 

increase in distress proneness” (HR: 1.06; 95% CI: 1.02, 1.09).
336

  Considered categorically, proneness to 

psychological stress (score of 24 vs. score of 11) increased risk of AD by 2.00 times (95% CI: not 

provided).
336

   To examine the association between psychological stress and AD pathology, 

histopathological hallmarks of AD were ascertained according to neuropathological examination.
336

  The 

number of neuritic plaques, diffuse plaques, and neurofibrillary tangles from four areas of the brain was 

determined and a global score was derived.
336

  The association was determined using a linear regression 

model.  Although distress proneness was significantly associated with clinical AD, the study failed to 

detect an association between distress proneness and AD pathology (estimate = -0.214, SE = 0.814, p = 

0.793).
336

   

Distress proneness was also associated with an increased risk of AD in the 2005 study.
368

  In the 

community-based sample of 1064 participants, a total of 170 subjects were diagnosed with AD over the 3 

to 6 years of follow-up.
368

  The association between distress proneness and AD was estimated according 

to logistic regression analysis.  Each one point increase in distress proneness was associated with an 

increased odds of AD (OR: 1.06; 95% CI; 1.01, 1.11).
368

  Considered categorically, there was a 2.40 times 

increased risk of AD associated with high (vs. low) distress proneness.
368

  According to stratified analysis, 

each one unit increase in distress proneness was associated with a statistically significant 12% increased 

odds of AD in Caucasians (OR: 1.12; 95% CI: 1.05, 1.19). The association failed to reach statistical 

significance for African Americans (OR: 1.02; 95% CI: 0.97, 1.08).
368

 

Using a sample of subjects from the Rush Memory and Aging Project, the 2006 study by Wilson 

et al.
369

 replicated earlier findings. During a mean follow-up of 2.7 years, 55 of 648 subjects developed 

AD.  Multivariable-adjusted Cox proportional hazards models were used to estimate the association 

between distress proneness and AD. Each unit increase in distress proneness was associated with a 6% 

(RR: 1.06; 95% CI: 1.02, 1.10) increased risk of AD.
369

  Considered categorically, there was a 2.70 times 

increased risk of AD associated with high (score = 24) distress proneness.
369

  The association between 

distress proneness and AD pathology was determined using a linear regression model. The autopsy 

analysis replicated previous findings suggesting that distress proneness was not associated with 

histopathological indicators of AD (estimate = 0.010, SE = 0.013, p = 0.440).
369

 

Using a sample of subjects from the Rush Memory and Aging Project, the most recent study by 

Wilson et al. examined the risk of AD associated with six domains of neuroticism, namely, depression, 
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angry hostility, self-consciousness, impulsiveness, anxiety, and vulnerability to stress.
370

  Of 785 

participants, 94 developed AD (mean follow-up = 3.4 years; SD = 1.4).  Multivariable-adjusted Cox 

proportional hazards models were used to estimate hazard ratios (HRs) and 95% CIs.  According to the 

results of the study, angry hostility, depression, self-consciousness, and impulsiveness were not 

significantly associated with risk of AD.
370

  Each unit increase in anxiety score, however, was associated 

with a marginally significant 5% increased risk of AD (HR: 1.05; 95% CI: 1.01, 1.09).
370

  Of particular 

importance, there was a marginally significant 6% increased risk of AD associated with each unit increase 

on the vulnerability to stress scale (HR: 1.06; 95% CI: 1.01, 1.12).
370

  Treated categorically, high 

vulnerability to stress (score = 15 vs. score = 5) was associated with a 79% increased risk of developing 

AD.
370

  Finally, the association between each domain of neuroticism and the histopathological indicators 

of AD were examined according to linear regression analysis using brain autopsy data obtained from 156 

deceased subjects.
370

  There was no association between AD pathology and indicators of neuroticism.
370

 

It is important to note that the confidence intervals reported in the Wilson et al. studies
336,368,369,370

 

are likely incorrect .  The confidence intervals reported are narrow relative to the number of reported AD 

cases.  Other included studies (e.g. by Yaffe et al.
367

) with significantly higher number of events reported 

wider confidence intervals.   

  The prospective cohort study by Duberstein et al. examined the association between personality 

domains, namely neuroticism, extraversion, openness to experience, conscientiousness, and 

agreeableness, and risk of developing AD.
371

  The exposure was ascertained according to self-reported 

responses on the 12 item NEO Five-Factor Inventory.  As discussed previously, this 12-item scale has 

good psychometric properties.
373

  As an indicator of chronic stress, neuroticism is the personality domain 

of interest in the present review.  Multivariable-adjusted Cox proportional hazards models were used to 

estimate hazard ratios (HRs) and 95% CIs.  Of the 767 participants recruited from the Ginkgo Evaluation 

of Memory (GEM) study, 116 developed AD over the course of follow-up (median = 6.1 years).
371

  

Results of the multivariate analysis suggested that each standard deviation increase in neuroticism score 

was associated with a 36% increased risk of AD (HR: 1.36; 95% CI: 1.08, 1.71).
371

 

 

5.15.2 Mid-life Psychological Stress 

 

 

The study by Johansson et al. examined the association between midlife psychological stress and 

risk of AD.
343

  Subjects were participants of the Prospective Population Study of Women.  Baseline 

assessments were conducted in 1968/9 and follow-up was conducted in 1974/5, 1980/1, 1992/3, and 
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2000/3 for a total of 35 years of follow-up.
343

  A total of 105 participants were diagnosed with incident 

AD over the course of the study.  Multivariable-adjusted Cox proportional hazards models were used to 

estimate hazard ratios (HRs) and 95% CIs.  In the fully adjusted analysis, the index group (i.e. those 

reporting frequent or constant stress at baseline) had a 2.14 times (95% CI: 1.36, 3.38) increased risk of 

AD when compared to those reporting no stress.
343

  Those reporting frequent or constant stress during the 

first follow-up (1974) had a 1.74 times (95% CI: 1.09, 2.78) increased risk of AD in comparison to those 

reporting no stress.
343

  However, frequent or constant stress reported in 1980 was not significantly 

associated with risk of AD (HR: 1.58; 95% CI: 0.90, 2.77).   

In additional analyses, AD cases were stratified according to cardiovascular disease status.  AD 

cases were classified as either ‘AD cases with cerebrovascular disease’ (n=73) or ‘AD cases without 

cerebrovascular disease’ (n=32).  Frequent or constant stress reported in 1968 was associated with an 

increased risk of AD without cerebrovascular disease (HR: 2.03; 95% CI: 1.16, 3.54).
343

  However, those 

who reported experiencing frequent or constant stress during follow-up in 1974 and 1980 were not at a 

significantly increased risk of developing AD without cerebrovascular disease (1974 - HR: 1.54; 95% CI: 

0.87, 2.67.  1980 - HR: 1.30; 95% CI: 0.64, 2.64).  Frequent or constant stress reported at baseline (HR: 

2.79; 95% CI: 1.25, 6.25) and at follow-up in 1974 (HR: 2.70; 95% CI: 1.13, 6.45) was associated with an 

increased risk of Alzheimer's disease with cerebrovascular disease.  However, the risk estimate for the 

1980 follow-up failed to reach statistical significance (HR: 2.35; 95% CI: 0.88, 6.27).  Finally, self-

reported stress at multiple follow-up assessments was associated with a 2.33 times (95% CI: 1.41, 3.85) 

increased risk of AD, a two-fold (HR: 2.02; 95% CI: 1.07, 3.80) increased risk of AD without 

cerebrovascular disease, and a greater than three-fold increased risk of AD with cerebrovascular disease 

(HR: 3.28; 95% CI: 1.40, 7.71).
343

 

 

5.15.3 Post-traumatic Stress Disorder (PTSD) 

 

The retrospective cohort study by Yaffe et al. examined the association between posttraumatic 

stress disorder and risk of dementia and dementia subtypes among older veterans who utilized medical 

services offered by the Department of Veterans Affairs.
367

  Among the 181093 eligible veterans, 53155 

subjects had PTSD and 3882 were diagnosed with AD.  Follow-up duration was 7.2 years (range, 0.1-

7.4).  Multivariable-adjusted Cox proportional hazards models were used to estimate hazard ratios (HRs) 

and 95% CIs.  According to the fully adjusted model, PTSD was associated with a statistically significant 

71% increased risk of AD (HR: 1.71; 95% CI: 1.58, 1.85).
367
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5.15.4 Work-related Stress 

 

 

Two population-based studies
365,366

 examined the association between work-related stress and risk 

of AD.  Work-related stress was defined according to the job strain model in both studies.
365,366

  The 

model uses low job control, low job demand, and low social support as indices of work-related stress.
366

  

Employing this model, the association between AD and the indices, namely, job control, job strain, job 

demands and/or social support were examined.  Data pertaining to occupational history was obtained via 

telephone interview completed by the participant or by a proxy respondent ("a spouse or an adult child") 

for cognitively impaired subjects in one study
366

 and according to proxy respondent responses for all 

subjects in the second study
365

.  Work-related stress was then ascertained using a validated psychosocial 

job exposure matrix.
365,366

 

The Swedish Twin study examined the association between work-related stress and prevalent 

dementia/AD.  According to the matched pair case-control analysis of the Swedish Twins study, 

discordant twins did not differ with respect to all indicators of work-related stress (Job control: Mean 

difference = -0.02, t(53): 0.11, P = 0.91.  Job demands: Mean difference = 0.01, t(53): 0.05, P = 0.96.  

Social support:  Mean difference = 0.15, t(53): 0.80, P = 0.43. Job strain: Mean difference = -0.02, t(53): 

0.37, P = 0.71).
366

  Findings from the matched pair case-control analysis pertain to all-cause dementia and 

are not specific to AD.  Results of the overall case-control analysis (cases: n= 257; controls: n= 9849) 

suggest that lower job control (OR: 1.04; 95% CI: 0.88, 1.23) and greater job strain (OR: 0.95; 95% CI: 

0.79, 1.13) were not associated with risk of AD.
366

  Lower social support, however, was associated with a 

22% increased risk of AD (OR: 1.22; 95% CI: 1.02, 1.46).  In stratified analysis by sex, lower job control 

and greater job strain were not associated with risk of dementia among males (Lower job control - OR: 

0.96; 95% CI: 0.72, 1.27.  Greater job strain - OR: 1.03; 95% CI: 0.71, 1.48) or females (Lower job 

control - OR: 1.14; 95% CI: 0.93, 1.40. Greater job strain - OR: 0.97; 95% CI: 0.81, 1.16).
366

  Although 

lower social support was associated with an approximately 26% increased risk of AD in females, the 

association failed to reach statistical significance in males (Females - OR: 1.26; 95% CI: 1.01, 1.57.  

Males - 1.25; 95% CI: 0.95, 1.64).  In the analysis stratified by work complexity, all three indicators of 

work-related stress were not associated with risk of AD in occupations with low (Lower job control - OR: 

1.15; 95% CI: 0.91, 1.45.  Lower social support - OR: 1.21; 95% CI: 0.98, 1.48.  Greater job strain - OR: 

0.97; 95% CI: 0.78, 1.19) and high (Lower job control - OR: 0.98; 95% CI: 0.78, 1.24.  Lower social 

support - OR: 1.18; 95% CI: 0.98, 1.42.  Greater job strain - OR: 1.06; 95% CI: 0.82, 1.37) work 

complexity.
366

  In the analysis stratified by type of work, lower job control and greater job strain were not 

associated with AD among those involved in manual (Lower job control - OR: 1.06; 95% CI: 0.87, 1.27.  
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Greater job strain - OR: 0.94; 95% CI: 0.77, 1.15) and non-manual (Lower job control - OR: 1.26; 95% 

CI: 0.74, 2.15.  Greater job strain- OR: 1.13; 95% CI: 0.80, 1.60) work. 
366

  Lower social support, 

however, was associated with an increased risk of AD among manual workers (OR: 1.29; 95% CI: 1.09, 

1.53) but not among nonmanual workers (OR: 0.69; 95% CI: 0.34, 1.42).   Considered cumulatively, the 

Swedish Twins study found that lower social support at work was the only indicator of work-related 

stress that was significantly associated with an increased risk of AD.
366

  Stratified analysis concluded that 

lower social support was associated with AD in females and manual workers only.
366

  Despite findings 

from previous studies which suggest a protective effect of highly complex occupations against the 

development of dementia, Andel et al. failed to detect a significant association between indicators of 

work-related stress and AD irrespective of work complexity.
366

 

According to the Kungsholmen study
365

, when high job control was used as a referent, lower 

quartiles of job control were associated with increased risk of AD in the analysis adjusted for age, gender, 

and education (Moderate – HR: 2.10; 95% CI: 1.20, 3.90.  Limited – HR: 2.20; 95% CI: 1.20, 4.10. Low– 

HR: 2.30; 95% CI: 1.20, 4.30).  When the three lower quartiles were collapsed, low-to-moderate job 

control was associated with a greater than two-fold increased risk of AD when compared to high job 

control (HR: 2.20; 95% CI: 1.20, 3.90).
365

  However, high job control was not significantly protective 

against AD when treated as a continuous variable (HR: 0.92; 95% CI: 0.81, 1.04).
365

  Lower quartiles of 

job demands were not associated with risk of AD.  There was no association between high job demand 

and risk of AD when the variable was considered continuously (HR: 0.98; 95% CI: 0.87, 1.10).  With 

respect to job strain, only passive job strain, defined as a product of low job demand and low job control, 

was associated with a statistically significant increased risk of AD according to the multivariate analysis 

adjusting for age, gender, education, depressive symptoms and vascular factors (HR: 1.90; 95% CI: 1.03, 

3.60).
365

  High job strain, a product of high job demand and low job control, was marginally associated 

with AD risk (HR: 1.90; 95% CI: 1.00, 3.40) when compared to the reference category of active job strain 

(high job demands and high job control).  There was no evidence of effect modification by APOE 

status.
365

  These findings are summarized in Table 22 and Figure 6. 
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Figure 6 - Forest plot of available studies on psychological stress and AD 
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5.16 Discussion 

 

 

The systematic review provides limited evidence regarding the association between stress (i.e. 

psychological, work-related), stress indicators (i.e. PTSD, neuroticism), and risk of AD.  Using an all-

female sample, Johansson et al. reported an increased risk of AD associated with frequent or constant 

psychological stress during midlife while findings from Yaffe et al., which examined an almost entirely 

male sample of veterans, detected a 71% increased risk of AD associated with post-traumatic stress.
343,367

  

Both studies reporting on occupational stress detected an association between AD and at least one marker 

of work-related stress.  Results from the Swedish Twins study suggest that lower support at work but not 

lower job control or greater job strain were associated with increased risk of AD.
366

   The Kungsholmen 

project detected an increased risk of AD associated with lower quartiles of job control and with both 

passive and high job strain.
365

  Using three cohorts, Wilson et al. consistently demonstrated that both 

global measures and specific domains of neuroticism, “an indicator of the cumulative level of 

psychological distress experienced across the lifespan”, was associated with a marginally significant 

increased risk of incident AD.
336,368,369

  The most recent study by Wilson et al. found that only two 

domains of neuroticism, namely anxiety and vulnerability to stress, were significantly associated with 

AD.
370

  Furthermore, results reported by Duberstein et al., suggesting an increased risk of AD associated 

with increasing neuroticism, were consistent with results reported in the four publications by Wilson et 

al.
371

 

An important strength of the present review is attributed to the prospective cohort design of a 

majority of the included studies.  Although these studies are less susceptible to sources of bias inherent in 

retrospective cohort or case-control studies, such as recall and prevalence-incidence bias, they are 

susceptible to alternative sources of bias which may compromise their internal validity.
375

  In particular, 

cohort studies may be susceptible to selection bias arising from losses to follow-up.
375

  Because complete 

follow-up is difficult to achieve, follow-up rates exceeding 80% is routinely recommended to mitigate the 

potential for selection bias.
245

  All three studies by Wilson et al. reported rates close to or greater than the 

recommended follow-up rate.
245

  However, Johansson et al. reported follow-up rates below the 80% 

threshold for two of the four follow-up assessments.  If losses to follow-up in any of the included studies 

were differential, the studies may be susceptible to selection bias. Two studies
343,365

 attempted to 

maximize the completeness of follow-up and ultimately mitigate the potential for selection bias by relying 

on clinical records, death certificates, and hospital discharge records for deceased participants or those 

lost to follow-up.  However, such attempts may not entirely eliminate the potential for selection bias. 
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Selection bias may also arise in case-control studies.  The Swedish Twin study
366

 analyzed 

prevalent dementia cases.  As such, the study is susceptible to prevalence-incidence (Neyman) bias, a 

form of selection bias that arises due to the inclusion of prevalent cases in etiologic research studies.
366,376  

The analysis of prevalent cases may bias the true association between work-related stress and AD and 

give rise to a spurious risk estimate.   Reliance on prevalent cases increases the likelihood of recall error 

and makes it difficult to distinguish whether the exposure is associated with incidence or survival.
376,377,378

   

If the exposure is associated with survival or delayed progression, the exposure would be 

“overrepresented” in prevalent cases.
376

  Consequently, the measure of association would be biased away 

from the null resulting in higher risk estimates.
379

Alternatively, if work-related stress is associated with 

hastened progression of AD and subsequent death, there would be an “underrepresentation” of exposed 

cases in the study resulting in an observed association that is biased towards the null.
376,379 

 

Results of the included studies may also be susceptible to outcome misclassification error 

attributed to the complexity of outcome ascertainment in dementia research.
21

  Because AD can only be 

definitively diagnosed post-mortem according to neuropathological examination, antemortem diagnoses 

of probable or possible AD can only be achieved according to clinical criteria.
21

  A clinical diagnosis of 

AD is most commonly achieved using the criteria established by the Neurological Disorders and Stroke-

Alzheimer Disease and Related Disorders (NINCDS-ADRDA).
21

  Data obtained from several sources, 

namely, “medical history; neurologic, psychiatric, and clinical examinations; neuropsychological tests; 

and laboratory studies” are used to guide the diagnostic process.
380

  To reduce the occurrence of disease 

misclassification error in epidemiological studies, the use of sensitive and specific criteria for outcome 

ascertainment is of paramount importance.
381

  In comparison to the most rigorous method for AD 

ascertainment, namely post-mortem neuropathologic examinations, studies have suggested that the 

NINCDS-ADRDA “has fair sensitivity (49-100%) and specificity (47-100%)” for the diagnosis of 

probable AD.
26

  The sensitivity (85 to 96%) but not specificity (32 to 61%) indexes are said to be higher 

for diagnoses of possible AD.
26

 

Despite the obvious challenges associated with AD ascertainment, the potential for outcome 

misclassification error can be reduced by ensuring that the data used to guide the diagnostic process is as 

accurate as possible.
382

  With respect to the NINCDS-ADRDA, this can be achieved by relying on 

experienced clinicians or personnel for the administration of the tool, incorporating brain imaging data, 

and further reducing subjectivity by employing a "consensus” panel decision making process.
26

  The 

diagnostic assessment used to arrive at a clinical diagnosis of AD varied across the studies that employed 

the NINCDS-ADRDA criteria.  Of particular importance, only three studies
336, 368,371

 used imaging data, 

albeit only for a subset of the sample (i.e. when the data was already available or deemed necessary).  
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Moreover, although a number
336,343, 365, 370

 of the included studies explicitly stated that the criteria was 

applied by a specialist or an experienced clinician, a consensus procedure to improve diagnostic accuracy 

was employed in only three
365,366,371

 of the included studies.   

Considered cumulatively, these shortcomings indicate that the included studies are susceptible to 

outcome misclassification error as subjects may have been misdiagnosed.  The effect of the 

misclassification error is dependent on whether the measurement error is associated with the exposure 

under study.
383

  If misdiagnosis of AD is unrelated to exposure status, that is, stressed and non-stressed 

subjects are equally likely to be misdiagnosed, outcome misclassification error would attenuate the 

association between stress and AD.
383

  Alternatively, if the outcome measurement error is related to 

exposure status, the observed risk estimate could either attenuate or inflate the true association.
383

  

Ensuring that clinicians responsible for outcome ascertainment are unaware of the exposure under study 

or are “blind to exposure status” would mitigate the potential for outcome misclassification bias.
384

 

Although all included cohort studies excluded prevalent cases of dementia at baseline, mild cases 

of dementia may have been missed as diagnostic screening tools may lack the ability to detect such 

cases.
21

  Consequently, missed cases of mild AD may be retained in longitudinal studies and may be 

misclassified as “incident cases at follow up”.
21

  Inclusion of prevalent cases is particularly problematic if 

exposure status is altered as a result of the disease.
93

 

Reliance on medical records for outcome ascertainment may also give rise to outcome 

measurement error.
21

  Briefly, reliance on medical records for AD ascertainment is problematic because 

approximately 50% of individuals with AD or dementia “are never diagnosed in a formal setting”.
21,385

 

Therefore, a positive diagnosis of AD is absent from their medical records. Consequently, the study by 

Yaffe et al.
367

, which relied solely on medical records for AD ascertainment, is susceptible to outcome 

measurement error as a number of cases of AD may have been missed.  Similarly, deceased participants 

or those lost to follow-up may have been misdiagnosed in the two
343,365

  studies that relied on medical 

records or death certificates for AD ascertainment in the aforementioned subset of participants.  Finally, 

population-based studies that fail to assess the outcome of interest in all participants, often due to resource 

limitations, are susceptible to outcome misclassification error.
21

  Outcome misclassification error may 

have occurred in the Kungsholmen project
365

 and Swedish Twins study
366

 as only a fraction of subjects, 

namely those diagnosed with cognitive impairment based on a cognitive screening test, underwent the 

complete diagnostic assessment for dementia and AD.  This may have resulted in missed cases due to the 

high rate of false negative results attributed to the “low sensitivity of screening tests”.
21

  The other studies 

did not appear to utilize a similar approach. 
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Retrospective studies examining putative risk factors for dementia and AD face several 

challenges pertaining to exposure ascertainment.  Because subjects are required to recall exposure history, 

such studies are susceptible to recall bias, a form of observation bias.
386

  Retrospective studies of 

cognitively impaired subjects face the added challenge of ascertaining exposure status of cognitively 

impaired or demented cases who often lack the capacity to recall past exposures.
21

  Consequently, a proxy 

respondent is often recruited to provide data for the purpose of exposure ascertainment.
21

  Recall bias may 

arise in such studies if the ability to recall past exposures is related to the outcome under investigation, 

resulting in “differential recall”.
72,387

  That is, if cases (or the proxy respondents of cases) are more likely 

to provide an accurate depiction of exposure history when compared to controls (or the proxy respondents 

of controls), or vice-versa, the derived risk estimate would be biased.
387

  The susceptibility for recall bias 

is further heightened if methods for exposure ascertainment are not similar across outcome categories.
72

  

The Swedish Twins study is susceptible to thi bias as proxy respondents were responsible for ascertaining 

the exposure status of cases while controls reported their own exposure status.
366

  Based on the 

assumption that self-reported exposure history is more accurate than that provided by a proxy 

respondent
72

, data collected from control subjects would likely be more accurate.  Consequently, 

differential recall is likely to have biased the association toward the null resulting in an attenuated risk 

estimate.
72,388  

 

The study of subjective variables or constructs, such as psychological stress, can be particularly 

challenging as "individuals can differ...in their evaluation [and perception] of stress".
343

  As previously 

mentioned (section 5.1), individual differences impact the appraisal of potential stressors and coping 

mechanisms.
350

  As a result of these differences, the interpretation of “stress” is known to vary.
350,389

  

What is considered a stressful event, and the intensity at which it is experienced, may not be 

universal.
350,351,389

  The lack of a uniform definition of psychological stress is believed to compromise the 

validity of self-reported stress measures.
389

 

Although the tools employed for the purpose of exposure ascertainment in the studies by Wilson 

et al. were derived from a psychometrically sound instrument, use of abbreviated versions of the original 

instrument may have compromised the “precision” of the tool, consequently giving rise to exposure 

measurement error which may have attenuated the association between stress and AD.
368

  Johansson et al. 

relied on an even more brief measure, “a single question”, to ascertain exposure status.
343

  Although 

studies have found that abbreviated tools often yield comparable results as their lengthier counterparts, 

some research suggests that multiple questions are typically required to yield an accurate measure of  

“complex psychological constructs”.
341

  Consequently, the use of a single question to ascertain stress 

exposure may have introduced some degree of uncertainty and may serve as a limitation of the study.  
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The retrospective cohort study by Yaffe et al. used administrative data captured in the VA National 

Patient Care Database to ascertain exposure status.
367

  Although the validity of existing data sources may 

be compromised by “data entry errors, diagnostic inaccuracy, or various other factors…”, research 

suggests that the validity of administrative data, particularly pertaining to the ascertainment of PTSD 

among veterans, is improved when exposure ascertainment requires a positive diagnosis of PTSD at two 

or more medical visits.
390

  The study by Yaffe et al. adhered to this criterion; however, the authors note 

that reliance on ICD-9 codes captured in administrative databases lacks the diagnostic accuracy offered 

by alternate methods of exposure ascertainment.
367

  While validated, the psychosocial job exposure matrix 

used to ascertain work-related stress in both the Kungsholmen and Swedish twins study was shown to 

only moderately correlate with self-reported stress (average r = 0.60).
365

 

Findings of the included studies which suggest an increased risk of AD associated with stress or 

stress indicators may be attributed to alternative explanations including confounding and reverse 

causation.   Because stress is associated with several vascular and lifestyle-related risk factors for AD, 

including "socioeconomic status, nutritional status, smoking, hypertension, central adiposity, and physical 

activity", the association between stress and AD may be confounded by these variables.
343

  Although all 

of the included studies provided adjusted risk estimates, there was heterogeneity across the included 

studies with respect to the variables selected for multivariate analyses and the degree of confounding 

adjustment. Of particular importance, all three studies by Wilson et al. failed to adjust for the potentially 

confounding effect of vascular risk factors and only one
343

 study adequately controlled for lifestyle-

related factors.  As such, residual confounding cannot be omitted as a potential explanation for the 

observed associations. 

Johansson et al.
343

 investigated reverse causation as an explanation for the observed association 

between stress and AD.  Psychological stress remained associated with dementia following exclusion of 

the earliest cases of confirmed dementia (subjects diagnosed before 1992).
343

  It is also important to 

consider that the observed association between the personality trait of neuroticism and AD may be due to 

reverse causation.
391

 Although personality traits are relatively constant, research suggests that personality 

alterations may accompany cognitive decline.
391,392

  Consequently, rather than predicting AD, neuroticism 

may in fact be a product or symptom of undiagnosed dementia.
391

  Although the potential for reverse 

causation is minimized in prospective studies, failure to adequately exclude preclinical cases of dementia 

at baseline may yield findings that are explained by reverse causation.
391

  Although dementia cases were 

excluded at baseline in all four studies that examined neuroticism as an indicator of psychological stress, 

mild cases of dementia may have been missed as commonly employed diagnostic tools may lack the 
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sensitivity to diagnose such cases.
21

  Consequently, the observed association between neuroticism and AD 

may be explained by reverse causation. 

The present review is limited by several factors which warrant cautious interpretation of the study 

findings.  The review is limited by the various methodological limitations inherent in observational 

studies as well as the complexity associated with ascertaining both the exposure and outcome of 

interest.
21,342

  The review may also be limited by variability in the degree of confounding adjustment 

across studies.
56

  The review is susceptible to study selection bias as independent, duplicate screening of 

all identified studies was not conducted.
393

  Moreover, because the review was restricted to English and 

French articles, the potential for language bias cannot be ruled out.
394

  Despite the limitations, the 

systematic review is strengthened by a comprehensive search of electronic databases, and restriction to 

studies employing acceptable criteria for outcome ascertainment.  While grey literature sources were 

searched, the potential for publication bias cannot be omitted. 

Several biological mechanisms have been proposed to explain the association between stress and 

AD.  Stress and stress indicators, namely neuroticism, have been associated with hyperactivity of the 

hypothalamic-pituitary-adrenal axis and subsequent elevation of glucocorticoid levels which contribute to 

AD-related pathology.
343

  However, findings from autopsy examinations conducted in three
336,369,370

  of 

the included studies suggest that the association between proneness/vulnerability to stress and AD was 

not explained by  histopathological hallmarks of AD, namely, amyloid beta plaques and neurofibrillary 

tangles.
370

  Several alternative pathways implicating the role of stress on factors associated with AD, 

namely, neuroinflammation, hippocampal damage, cardiovascular disease, hypertension, and obesity, 

have been suggested.
343,370

  PTSD has been associated with hippocampal abnormalities, such as 

"decreased concentrations of the neuronal marker, N-acetyl aspartate", reduced hippocampal volume, and 

hippocampal damage, factors associated with an increased risk of cognitive impairment and dementia.
367

  

Dysfunction of the hypothalamic-pituitary-adrenal axis and increased concentrations of inflammatory 

markers, namely cytokines and C-reactive protein, have also been implicated as potential mechanisms to 

explain the increased risk of AD observed among veterans with PTSD.
367

 

Results of the systematic review suggest that the available evidence was largely inadequate to 

suggest an association between stress (i.e. psychological, work-related) and stress indicators (i.e. PTSD, 

neuroticism) with risk of AD.  Several limitations such as the potential for reverse causation, difficulties 

in defining and measuring stress, and diagnostic challenges relating to AD ascertainment preclude a 

definitive conclusion.  As such, there is inadequate evidence to justify public health recommendations for 

interventions. 
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CHAPTER 6: CONCLUSION 

 

6.1 SUMMARY 

 

A comprehensive search of the literature yielded 27 systematic reviews examining 20 putative 

risk factors for Alzheimer’s disease.  While the evidence was suggestive of an association for some risk 

factors, the available evidence was inadequate to draw meaningful conclusions for a majority of factors.  

Factors that showed an association with AD included current smoking, light-to-moderate alcohol 

consumption, higher educational attainment, and regular engagement in physically and cognitively 

stimulating activities. As discussed in greater detail in Chapter 3, certain factors (i.e. higher educational 

attainment, physical and cognitive activity) are likely associated with postponement of clinical symptoms 

rather than disease prevention.
220,223,228,249

  The available evidence for the remaining factors identified in 

the overview of reviews was preliminary or inconclusive due to inconsistent findings or insufficient 

evidence.   

Results of the de novo systematic review suggest that the available evidence was largely 

inadequate to suggest an association between stress (i.e. psychological, work-related) and stress indicators 

(i.e. PTSD, neuroticism) with risk of AD.  With respect to the updated systematic review, the small 

number of available studies precludes a definitive conclusion regarding the association between 

Mediterranean diet adherence and risk of AD.   

 

6.2 LIMITATIONS 

 

The systematic synthesis of available research is an integral phase of knowledge translation, a 

process which aims to “[close] the knowledge-to-practice gap”.
395

  According to evidence-based practice, 

systematic reviews, particularly of high-quality randomized controlled trials, provide the best evidence for 

clinical and health policy decision making.
396

  In the absence of RCTs and reviews collating such 

evidence, systematic reviews of observational studies provide the next best level of evidence.
396

  The 

quality of systematic reviews, however, is largely dependent on a number of factors including the 

methodological characteristics of the review and the quality of the included studies. Risk factor- specific 

limitations have been discussed in their respective sections of the current report.  However, several 

overarching issues, which limit the applicability of the findings to inform public health interventions, 

require further discussion. 
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6.2.1 Issues relating to the inclusion of existing systematic reviews 

 

The popularity of systematic reviews is reflected in the vast number of new systematic reviews 

“indexed annually in Medline”.
397

  By collating the available evidence using a systematic and transparent 

approach, systematic reviews facilitate the transfer of available evidence.
396

  However, the rising 

popularity of systematic reviews has necessitated a further synthesis of the available evidence, that is, the 

conduct of “systematic reviews of systematic reviews”.
33

  Rather than conducting a de novo review, 

research bodies such as the Agency for Healthcare Research and Quality (AHRQ) have relied on higher 

quality existing reviews.
20

  While the reliance on existing reviews may expedite the review process, 

several limitations accompany the inclusion of existing reviews.
33

  Firstly, any errors (e.g. transcription) 

or biases (e.g. selection or publication) may go undetected and be carried forward.
33

 A majority of 

reviews do not describe the methodological characteristics of primary studies with sufficient detail to 

allow for independent assessment of bias.
33

  Reliance on the review alone may result in a disregard of 

primary study level limitations.
33

  The quality appraisal of primary studies was not planned for the 

overview of systematic reviews reported in Chapter 3. This may serve as an important limitation of the 

study. 

 

6.2.1.1 Discordance 

 

 

The complexity afforded by multiple reviews covering the same research topic is compounded by 

the availability of conflicting reviews.  When multiple moderate or high quality reviews are identified, 

recommendations suggest reliance on the most methodologically superior review which is ascertained 

according to an assessment of “relevance, quality, and completeness”.
33

  As noted by Whitlocke et al., 

choosing one review among many is challenging and may in fact introduce “reviewer bias” in the 

presence of discordance.
33

  Alternatively, the incorporation and summary of all existing systematic 

reviews has also been proposed.
33

  To minimize reviewer bias and ensure that decision makers were 

provided with a comprehensive report of all available moderate and high quality reviews, the latter 

approach was selected a priori for the overview of reviews reported in Chapter 3.  Although this approach 

maximized comprehensiveness, as some reviews may have captured primary studies that were excluded 

or undetected by another, the inclusion of multiple reviews reporting on the same risk factor introduced 

challenges with respect to synthesizing the available evidence in the presence of discordant findings 

across reviews.  Conflicting findings are particularly problematic for end-users, namely, health care 
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workers and policy makers who are required to discern the most reliable review in which to base their 

decision.
90

  Research has demonstrated that reliance on review quality as a potential explanation for 

discordant findings is inadequate as reviews of similar methodological quality may still yield conflicting 

results.
398

 

Identifying sources of discordance is challenging and as noted by Whitlock et al., “even a detailed 

review of the methods and conclusions generated by existing systematic reviews may be unable to 

identify sources of discrepancy”.
33

  In the overview of reviews (Chapter 3), discordant findings across 

reviews occurred often.  As described throughout Chapter 3, differences in search strategies, eligibility 

criteria, and data extraction approaches were common sources of discordance.  Based on 

recommendations, important methodological characteristics (i.e. clinical question, search strategy, 

eligibility criteria, statistical methods, etc.) of each included review were summarized to facilitate the 

identification of methodological discrepancies across reviews which may account for discordant 

findings.
33

  Finally, as illustrated in Figure 1 (Section 2.2) discordant findings across reviews may 

indicate the need for a de novo review
33

. While potential sources of discordance were explored, failure to 

conduct de novo systematic reviews in light of discordant findings may serve as a limitation of the study. 

 

6.2.1.2 Overlap 

 

 

A recent review sought to identify the extent to which multiple meta-analyses investigated the 

same interventions, populations, or outcomes were published.
399

   The reviewers found considerable 

overlapping meta-analyses.  More specifically, an overlapping meta-analysis was available for 67% of 

identified meta-analyses.
399

  The inclusion of multiple systematic reviews reporting on the same risk 

factor introduces the potential for primary study overlap across reviews.
51

  In the present study, 

overlapping reviews were identified for 19 of the 20 risk factors reported in the overview of reviews 

(Chapter 3).  Reliance on the same body of evidence results in the non-independence of reviews. Further, 

multiple reviews reporting on the same topic or clinical question results in unnecessary duplication of 

research efforts and waste of research resources.
399

  Extensive primary study overlap emphasizes the 

“redundancy” of multiple reviews examining the same research question.
399

  As recommended, the extent 

of primary study overlap across systematic reviews was explored and recorded in the evidence tables 

reported in the first phase of the study (Chapter 3).
51

  The transparent reporting of the extent of primary 

study overlap clearly communicates the number of unique studies captured by a systematic review and 

may also facilitate the identification of sources of discordance across reviews. 
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6.2.1.3 Quality Assessment 

 

Employing an aggregate AMSTAR quality score serves as a limitation of the overview of 

reviews.
51,400

  The approach employed by CADTH, which was adopted for the present study, disregards 

the lack of weighting of each AMSTAR item.
400

  The use of an aggregate score is particularly problematic 

as reviews with a substantial limitation may still receive a high quality score if other considered items are 

adequately satisfied.
51

  Moreover, the distribution of scores may differ for reviews of the same quality 

category.
51

  For example, two moderate quality reviews may have “different flaws”.
51

  While the 

aggregate scoring system was employed for the overview of reviews, the distribution of scores for each 

study were transparently reported (Appendix A-6).  Finally, like other quality appraisal instruments, 

AMSTAR assesses quality of reporting rather than true methodological quality.
400

  This issue was 

discussed in further detail in the overview of reviews reporting on folate exposure (Section3.5). 

 

6.2.1.4 Publication bias 

 

Primary studies reporting null or negative findings may be less likely to be published.
43

  

Likewise, authors investigating several risk factors may choose to omit null findings from published 

manuscripts.
20

  Because the presence of publication bias may pose threats to the validity of a systematic 

review, an initiative to facilitate the identification of unpublished or incompletely published primary 

studies has been recommended.
20

  The development of a registration system for cohort studies, which 

would require a priori declaration of intended analyses, may circumvent incomplete reporting of study 

findings.
20

  Such a registry would also aid in locating studies that have not been published. 

In the overview of reviews study, less than 50% of reviews assessed the likelihood of publication 

bias.  Systematic reviewers should be encouraged, where data permits, to examine the extent to which 

their findings may be explained by publication bias.  The development of quality assessment tools such as 

AMSTAR, which reward the assessment of publication bias, may serve as a motivation to do so. 
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6.2.2 Observational study limitations 

 

This report synthesized evidence from observational studies and systematic reviews of 

observational studies.  Reliance on observational studies warrants a cautious interpretation of the results.  

Of particular importance, results of observational studies do not infer causality.
37

  Moreover, 

observational studies are susceptible to several sources of bias.  Studies that assess exposures 

retrospectively are susceptible to recall error.  If the ability to recall past exposures is related to the 

outcome of interest, exposure measurement bias may arise.
72,326

  This is particularly problematic in 

dementia research as the disease process directly effects memory function and consequently, recall 

accuracy.
211

  Case-control studies should ensure that methods for exposure ascertainment are similar 

across outcome categories.
72

  In cohort studies, ensuring that prevalent cases (i.e. cognitively impaired 

subjects) are adequately detected and excluded at baseline is integral for mitigating the potential for both 

differential recall bias and reverse causation.
21,272

   Reverse causation may account for the observed 

associations as AD-related cognitive changes may impact exposure status.
93

  For example, engagement in 

physical and cognitive activities may decline as a result of cognitive impairment.
267,272

  Inclusion of 

subjects with cognitive deficits at baseline, as a result of failing to assess cognitive status or due to 

reliance on insensitive screening measures, may yield spurious results suggesting that lower engagement 

in activities is associated with risk of developing AD.
21,93,391

  The cohort should be free of cognitive 

deficits at baseline.
21

  Alternatively, sensitivity analyses excluding such cases may be explored.
211

  

Finally, selection bias may pose as a threat to the internal validity of observational studies.  The 

association between the exposure and outcome of interest may differ among participants who enroll or 

remain in a study as compared to those who refuse participation or are lost to follow-up.
94,95  

 

 

 

6.2.2.1 Exposure ascertainment 

 

 

Issues relating to exposure ascertainment require considerable consideration.  As discussed in the 

literature, large cohort studies often investigate the association between several exposures with risk of 

developing AD.
20

  To do so, each exposure is ascertained according to brief, self-reported measures which 

often have not been validated.
20

  A consistently cited limitation across primary studies seeking to examine 

the association between lifestyle risk factors and risk of AD relates to the accuracy of exposure 

ascertainment.
20

  Limitations related to self-report data, in particular, have underscored the need for 
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objective measures as a means to replace or corroborate self-reported data.
20,144

  The need for standardized 

approaches for exposure ascertainment has also been cited.
20

  To facilitate this, the development of a 

database which includes a list of “reliable and valid” exposure measurement tools has been proposed.
20

 

Such a database would encourage researchers to rely on validated measures and would also facilitate 

homogeneity across studies.
20

 

A particular concern in AD risk factor research pertains to the appropriate timing of exposure 

ascertainment.
20

  The neuropathological changes associated with AD have been detected as early as the 

second decade of life.
18

  Research suggests that cognitive decline may precede clinically overt AD by 

approximately one decade.
20

  As noted by Williams et al.
20

, many cohort studies examine exposures after 

midlife when it is likely that cognitive changes have already manifested.  Such studies are likely to have 

“missed the critical window of exposure”, a theory which posits that particular exposures are capable of 

exhibiting a deleterious or protective effect during a specific window of time.
20

  For example, the primary 

studies identified in the updated review on Mediterranean diet adherence ascertained exposure in late-life 

(Chapter 4).  Because subjects in both studies were over 75 years of age at baseline, these studies provide 

no insight on the effect of Mediterranean diet adherence during early and midlife on risk of AD in late-

life.  Ascertaining the effect of exposures, such as the Mediterranean diet, across the life course may 

identify critical exposure windows allowing for more effective interventions.
20

  Further research should 

also attempt to ascertain whether exposures exert a cumulative effect over time.   

To minimize the potential for reverse causation, studies must examine exposures early enough to 

precede disease onset.
21

  As pathophysiological changes begin decades prior to clinically confirmed AD, 

studies which ascertain exposure status in later-life are susceptible to reverse causation.
21

  That is, a 

putative factor may be a consequence rather than a cause of AD.  This is a common issue across studies of 

aging as they most often recruit subjects in later-life (i.e. age 65 and over).
21

  Studies which ascertain 

exposure status in earlier life and follow subjects over a longer duration of time are ideal.
21

  Although 

ensuring that exposure ascertainment occurs early enough to precede disease onset is imperative for 

providing evidence that is suggestive of causality, there is also merit in the measurement of exposures 

after the initiation of pathophysiological changes and symptom onset as they may continue to exhibit an 

effect with respect to disease progression.
20,21
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6.2.2.2 Outcome ascertainment 

 

 

All primary studies identified in the de novo and updated reviews relied on accepted clinical 

diagnostic criteria.  As mentioned by Williams et al.
20

, restricting eligibility to studies that employ such 

criteria does not entirely eliminate heterogeneity across studies with respect to outcome ascertainment.  

More specifically, studies may lack methodological uniformity with respect to the diagnostic workup used 

to guide outcome ascertainment.  As discussed in the de novo systematic review (Chapter 5), the 

diagnostic assessment varied across studies which relied on the NINCDS-ADRDA or similar criteria.  For 

example, only three of eight studies employed a consensus panel decision making process and three 

studies considered imaging data during the diagnostic work-up.  Only one of the eight studies explicitly 

considered information gathered from close informant interviews.   

Population-based studies that fail to assess the outcome of interest in all participants, often due to 

resource limitations, are susceptible to outcome misclassification error.
21

  Outcome misclassification error 

may occur if only a fraction of subjects, namely those diagnosed with cognitive impairment based on a 

cognitive screening test, undergo the complete diagnostic assessment for dementia and AD.  This may 

result in missed cases due to the high rate of false negative results attributed to the “low sensitivity of 

screening tests”.
21

  Implications regarding shifts in diagnostic perspectives are also worth noting. 

 

Vascular disease and AD: Shifts in Diagnostic Perspective and Use of Brain Imaging 

 

Historically, AD and VaD were perceived to be distinct diseases.
19

  This is reflected in the 

NINCDS-ADRDA criteria established in 1984 which requires exclusion of vascular disease (e.g. multi-

infarct dementia) as a potential explanation for clinical symptoms.
24,380

  Similarly, the widely used 

International Workshop of the National Institute of Neurological Disorders and Stroke and the 

Association Internationale pour la Recherche et l’Enseignement en Neurosciences criteria (NINDS-

AIREN) for VaD shares this exclusionary approach by requiring elimination of AD as a cause of 

dementia.
24

  Both criteria attempt to identify “pure” cases of AD and VaD, accordingly.
24

  The traditional 

approach of excluding vascular disease in the diagnosis of AD has posed important implications in the 

search for etiological factors.
19

  The exclusion of vascular disease has implied that vascular factors are 

unrelated to the disease process.
19

  However, advancements in AD research have revealed a potential 

association between vascular factors and AD.
19,401

  This shift is particularly important when considering 

evidence from primary studies conducted over a relatively long duration of time (>20 years).  There has 

also been a shift away from the “distinct entities” perspective towards acknowledgement of mixed 
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patterns of dementia.
19

  This is reflected in the revised NINCDS-ADRDA criteria, which has explicitly 

incorporated mixed dementia (e.g. AD dementia with evidence of cerebrovascular disease) as a criterion 

for possible AD.
29

 

Brain imaging is the gold standard for ruling out cerebrovascular disease as a cause of dementia 

and thereby distinguishing AD from both VaD and mixed AD-VaD.
24

  Studies which fail to rely on 

neuroimaging may potentially misdiagnose VaD or mixed dementia as AD.
19

  As the outcome of interest 

in this work was AD, systematic reviews and primary studies reporting solely on dementia subtypes or 

mixed dementia syndromes were excluded.  However, eligibility was not restricted to studies which relied 

on neuroimaging data to adequately distinguish “pure” AD from dementia subtypes or mixed dementia.  

A large majority of studies reviewed in this work relied on the 1984 version of the NINCDS-ADRDA 

criteria.  While discussed in both versions of the NINCDS-ADRDA criteria, brain imaging has not been 

consistently used in research studies.
19

  As such, primary studies captured in the existing, de novo, and 

updated systematic reviews are likely heterogeneous with respect to the use of neuroimaging and thus the 

rigour at which AD is distinguished from VaD and mixed dementia. With respect to the de novo and 

updated systematic reviews, few primary studies reported the incorporation of brain imaging data in the 

diagnostic process.  Even among these studies, neuroimaging results were only considered when available 

or when deemed necessary.    

Advancements in imaging technology and changes in practice over time must also be considered, 

particularly with respect to the overview of systematic reviews which synthesizes evidence from primary 

studies published over a duration of two decades (Chapter 3).
29,402

  In particular, there has been a shift in 

the role of neuroimaging in the diagnostic process.
402

  More specifically, “modern neuroimaging extends 

beyond [the] traditional role of excluding other conditions…and is now an essential part of AD 

diagnosis”.
402

 

 

 

6.3 RECOMMENDATIONS AND FUTURE DIRECTIONS 

 

 

The present study was done in consort with the National Population Health Study of Neurological 

Conditions, which aimed to “fill gaps in knowledge” regarding neurological conditions.
403

  Few factors 

showed a consistent association with risk of AD. While there was some evidence of an association 

between current smoking, low to moderate alcohol consumption, higher educational attainment, and 

engagement in cognitively and physically stimulating activities with risk of AD, the evidence is limited 
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by several methodological issues.  Further, the evidence does not robustly inform the quantity, duration, 

or intensity that may be associated with the greatest benefit or harm.  Conflicting or insufficient evidence 

as well as several methodological limitations preclude a conclusive statement regarding the association 

between AD and the remaining lifestyle factors.  As the evidence base was comprised solely of 

observational studies yielding weak or moderate risk estimates at best, the quality of evidence was 

deemed “low” for each risk factor according to the GRADE approach.
54

  The available evidence for 

Mediterranean diet adherence, psychological stress, and the risk factors examined in the overview of 

reviews was not robust enough to warrant an increase in the overall grade of evidence according to the 

criteria presented in section 2.5.  The limited evidence precludes the development of public health 

recommendations to guide the development of preventative interventions.  This conclusion is consistent 

with that of a recent HTA
20

.   

Several issues were identified with respect to the available literature.  Of particular concern is the 

voluminous amount of literature which may present challenges with respect to end-user uptake.  While 

systematic reviews aim to facilitate the uptake of evidence by synthesizing primary evidence into a more 

manageable format, as discussed previously, the exponential growth in the number of systematic reviews 

available has also proven problematic.
397,399

  Furthermore, ensuring that traditional systematic reviews are 

up-to-date is time consuming and resource intensive.
404

  A more efficient approach for providing 

clinicians and health care policy decision-makers with up-to-date, comprehensive, and synthesized 

evidence is afforded by recent initiatives such as AlzGene
405

 and AlzRisk
406

.  These publically available 

databases systematically identify and collate high-quality, peer-reviewed primary studies on genetic and 

non-genetic risk factors for AD.
405,406

  The search strategies are regularly updated to identify recently 

published evidence.  Data from eligible studies are extracted and presented qualitatively and 

quantitatively (if data permits).
405,406

  Ultimately, it is expected that these centralized databases will 

facilitate and expedite the knowledge translation process.  These easily accessible portals provide end-

users with synthesized and up- to-date evidence allowing for efficient decision-making.  While these 

“field synopsis”
405

 databases present a novel approach for knowledge synthesis, they are unlikely to 

replace traditional peer-reviewed, published systematic reviews.  This highlights the need for and utility 

of systematic review registries which serve to minimize duplication of existing reviews and act as a 

repository for completed and in-progress reviews.
407

  A centralized registry would ultimately avoid the 

waste of research resources and would allow for the efficient identification of reviews on a given clinical 

question by end-users, ultimately facilitating the knowledge translation process.
399,407

  A concerted effort 

is required to maximize the utility of such registries.  Thus, systematic reviewers should be encouraged to 

register their reviews in platforms such as PROSPERO.
399,407,408
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Several recommendations have been proposed in an effort to improve AD risk factor research at 

the primary study level.  The need for objective, standardized, and validated exposure measures have been 

emphasized.
20

  As previously discussed, knowledge synthesis activities would likely benefit from the 

development of observational study registries.
20

  Such registries would facilitate the location of cohort 

studies and would encourage the transparent reporting of primary study findings.
20

  Ensuring that 

exposure status is ascertained early enough in the lifecourse to precede pathophysiological changes 

associated with AD has also been proposed.
21

 

Overall, while this report was able to synthesize the available evidence on lifestyle risk factors 

associated with AD, further research, by way of randomized controlled trials (where applicable) or 

methodologically “rigorous observational studies”, is required prior to developing recommendations for 

public health interventions or strategies.
20

  While adherence to healthy lifestyle practices are generally 

conducive to improved health and chronic disease prevention, this report does not provide justification for 

primary prevention initiatives for AD. 
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APPENDIX A-1:  Literature Search Strategy 

 
 

                                            OVERVIEW 

Databases: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations   

Ovid MEDLINE(R)  

Ovid EMBASE Classic + EMBASE 

Ovid PsycINFO 

PUBMED  

EBSCO CINAHL,  

EBSCO AARP Ageline 

HuGENET 

TOXLINE 

Cochrane Library 

Database of Abstracts of Reviews of Effects (DARE)  

Date of Search: September 22, 2011 

Alerts: Bi-weekly or weekly 

Study Types: Systematic reviews, meta-analyses 

Limits: Language limits: English or French 

Human population 

 
 

                          SYNTAX GUIDE  

 

OVID 

 

AND AND operator Includes both terms  

OR OR operator Includes either both, the one or the other 

term  

/ Subject Heading   

.ab. Abstract word  

.tw. Text Word  Word in title or abstract field 

.fs. Floating subheading Subheading of any Subject Heading 

.pt. Publication type  

.sh. Subject Heading  

.mp.  Will search in title, abstract and in 

Subject Heading field 

exp Explode  Will include narrower terms to the 

Subject Heading being exploded 

$ Truncation/wild card Adds non or more characters 

$n Truncation/wild card Adds non to n characters 

? Truncation/wild card  Adds non or one character 

adj Adjacency Requires words are adjacent to each other 

in the order typed in 

adjn Adjacency  Requires words are adjacent with n 

words in between - regardless of word 

order 

” – ” Double quotation mark Exact phrase searching  

 

EBSCO 

 

MH CINAHL Heading  
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? Wildcard Replaces a single character 

* Truncation Adds none or more characters 

Nn Near operator N5 finds the words if they are within five 

words of one another regardless of word 

order 

Wn Within operator W5 finds the words if they are within 

five words of one another and in the 

order typed in 

“ - “ Double quotation mark Exact phrase searching 

 

Cochrane Library 

 

AND AND operator Includes both terms  

OR OR operator Includes either both, the one or the other 

term  

MeSH descriptor Subject Heading  

:ti Title word  

:ab Abstract word  

* Truncation Adds non or more characters 

NEAR/n NEAR operator Requires words are adjacent with n 

words in between - regardless of word 

order 

NEXT NEXT operator Requires words are adjacent to each other 

in the order typed in 

 
Syntax Guide source:The Cochrane Effective Practice and Organisation of Care (EPOC) Group, EPOC format for 

reporting the search process:Database Syntax Guide, The Cochrane Effective Practice and Organisation of Care 

(EPOC) Group, Web, 27 Sept. 2011, table. 
 

Template source:  Kaunelis, D. and Farrah, K. “Lecture:  Introduction to Literature Searching.”  CanadianAgency 

for Drugs and Technologies in Health (CADTH).University of Ottawa.  12 May 2011. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Database: Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process 
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Date of Search: 22 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1948 – 31 Dec. 2011 

Alerts: Bi-weekly 

Limits: Language (English, French) 

Human subjects 

Filters: Systematic review filter:  Sikora, Lindsey.  “Neurology Project – Alzheimer’s 

Disease.”  Message to Mona Hersi.  16 May 2011. Email. 

 

Etiology/risk filter:  Sikora, Lindsey.  “Neurology Project – Alzheimer’s Disease.”  

Message to Mona Hersi.  16 May 2011. Email. 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Meta-Analysis/  

2 (meta anal* or metaanal*).ab,sh,ti.  

3 1 or 2  

4 (methodol* or systematic* or quantativ*).ab,sh,ti.  

5 (((methodol* or systematic* or quantativ*) adj review*) or overview* or 

survey*).ab,sh,ti.  

6 review.pt,sh.  

7 5 and 6  

8 3 or 7  

9 alzheimer disease/ or dementia/  

10 (Alzheimer* or presenile dementia* or acute confusional senile dementia or Senile 

dementia* or primary senile degenerative dementia or primary degenerative 

senile).mp.  

11 9 or 10  

12 exp Risk/  

13 Etiology.fs.  

14 genetic.fs.  

15 Prevention & control.fs.  

16 12 or 13 or 14 or 15  

17 11 and 16  

18 limit 17 to humans  

19 8 and 18  

20 limit 19 to (english or french)  

 

 

Database: Ovid EMBASE Classic + EMBASE 

 

Date of Search: 27 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1947 – 31 Dec. 2011 

Alerts: Bi-weekly 

Limits: Language (English, French) 

Human subjects 

Filters: Systematic review filter: InterTASC Information Specialists’s Sub-Group.  “The 

InterTASC Information Specialists’ Sub-Group Search Filter Resource.”  Web. 21 

May 2011. 

 

Search Strategy: 
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Line #                                     Strategy 

1 exp review/ 

2 (literature adj3 review$).ti,ab. 

3 exp meta analysis/ 

4 exp "Systematic Review"/ 

5 1 or 2 or 3 or 4 

6 (medline or medlars or embase or pubmed or cinahl or amed or psychlit or psyclit 

or psychinfo or psycinfo or scisearch or cochrane).ti,ab. 

7 RETRACTED ARTICLE/ 

8 6 or 7 

9 5 and 8 

10 (systematic$ adj2 (review$ or overview)).ti,ab. 

11 (meta?anal$ or meta anal$ or meta-anal$ or metaanal$ or metanal$).ti,ab. 

12 9 or 10 or 11 

13 exp risk/  

14 exp risk factor/ 

15 etiology/ or "general aspects of disease"/ 

16 "prevention and control"/  

17 13 or 14 or 15 or 16 

18 alzheimer disease/ or dementia/ 

19 Alzheimer*.mp. 

20 18 or 19 

21 17 and 20 

22 limit 21 to human 

23 12 and 22 

24 limit 23 to (english or french) 

 

 

Database: Ovid PsycINFO 

 

Date of Search: 22 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1806 – 31 Dec. 2011 

Alerts: Bi-weekly 

Limits: Language (English, French) 

Human subjects 

Filters: Systematic review filter:  School of Public Health.  “Search Filters for Ovid 

Medline, Ovid PsycINFO, and PubMed.”  The University of Texas School of Public 

Health: Library.  The University of Texas Health Science Centre at Houston. 2010.  

Web.  21 May 2011. 

 

Etiology/Risk filter:  Lamar Soutter Library.  “PsycInfo Evidence-Based Filters.”  

Psychology/Psychiatry Evidence-Based Resources.  University of Massachusetts 

Medical School.  23 Aug. 2006.  Web. 21 May 2011. 

 

Search Strategy: 

 

Line #                                     Strategy 

1 ((systematic adj3 literature) or systematic review* or meta-analy* or metaanaly* or 

"research synthesis" or ((information or data) adj3 synthesis) or (data adj2 

extract*)).ti,ab,id. 

2 (cinahl or (cochrane adj3 trial*) or embase or medline or psyclit or (psycinfo not 

"psycinfo database") or pubmed or scopus or "sociological abstracts" or "web of 
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science").ab. 

3 ("systematic review" or "meta analysis").md. or ((review adj5 (rationale or 

evidence)).ti,ab. and "Literature Review".md.) 

4 1 or 2 or 3 

5 etiology.ti. 

6 exp PREVENTION/ 

7 Epidemiolog$.ti. 

8 causal.ti. 

9 cohort.ti. 

10 emperical.ti. 

11 risk.ti. 

12 odds.ti. 

13 case control.ti. 

14 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 

15 Dementia/ or Alzheimer's Disease/ 

16 (Alzheimer* or presenile dementia* or acute confusional senile dementia or Senile 

dementia* or primary senile degenerative dementia or primary degenerative 

senile).mp. [mp=title, abstract, heading word, table of contents, key concepts, 

original title, tests & measures] 

17 15 or 16 

18 14 and 17 

19 limit 18 to human 

20 4 and 19 

21 limit 20 to (english or french) 

 

 

Database: PUBMED 

 

Date of Search: 22 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1951 – 31 Dec. 2011 

Alerts: Weekly 

Limits: Language (English, French) 

Human subjects 

Filters: Systematic review filter*:  Health Information Research Unit.  “Search Filters for 

MEDLINE in Ovid Syntax and the PubMed translation.”  Health Information 

Research Unit:  Evidence-Based Health Informatics.  McMaster University. Feb. 

2011.  Web.  21 May 2011. 

Etiology/Risk filter*:  Health Information Research Unit.  “Search Filters for 

MEDLINE in Ovid Syntax and the PubMed translation.”  Health Information 

Research Unit:  Evidence-Based Health Informatics.  McMaster University. Feb. 

2011.  Web.  21 May 2011. 

 

*Both filters maximize specificity 

 

Search Strategy: 

 

Line #                                     Strategy 

1 (Alzheimer Disease[MeSH Terms] OR Dementia[MeSH Terms] OR presenile 

dementia* OR acute confusional senile dementia OR Senile dementia* OR primary 

senile degenerative dementia OR primary degenerative senile) 

2 MEDLINE[Title/Abstract] OR(systematic[Title/Abstract] AND 

review[Title/Abstract]) OR meta analysis[Publication Type] 

3 (relative[Title/Abstract] AND risk*[Title/Abstract]) OR (relative risk[Text Word]) 
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OR risks[Text Word] OR cohort studies[MeSH:noexp] OR (cohort[Title/Abstract] 

AND stud*[Title/Abstract]) 

4 #1 AND #3 

5 #4 AND #2 

 

 

Database: EBSCO AARP Ageline 

 

Date of Search: 22 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1978 – 31 Dec. 2011 

Alerts: Bi-weekly 

Limits: None 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Alzheimer's Disease OR presenile dementia* OR acute confusional senile dementia 

OR Senile dementia* OR primary senile degenerative dementia OR primary 

degenerative senile 

2 Meta-analysis OR Systematic review 

3 risk factors OR causation OR etiology OR prevention and control 

4 S1 and S3 

5 S2 and S4 

 

 

Database: EBSCO CINAHL 

 

Date of Search: 22 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1982 – 31 Dec. 2011 

Alerts: Bi-weekly 

Limits: None 

Filters: Systematic review filter:Scottish Intercollegiate Guidelines Network (SIGN).  

“Search Filters.”  Search Filters. Health Improvement Scotland. 16 Sept. 2011.  

Web.  21 May 2011. 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 (MH "Meta Analysis") or TX Meta analys$ or TX Metaanaly$ 

2 (MH "Literature Review+") 

3 TX systematic review 

4 TX systematic overview 

5 PT commentary 

6 PT letter 

7 PT Editorial 

8 (MH "Animals") 

9 S1 or S2 or S3 or S4 

10 S5 or S6 or S7 or S8 

11 S9 not S10 
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12 (MH "Alzheimer's Disease") OR (MH "Dementia, Presenile") OR (MH 

"Dementia") OR (MH "Dementia, Senile") OR TX acute confusional senile 

dementia OR TX primary senile degenerative dementia OR TX primary 

degenerative senile 

13 Dementia 

14 S12 or S13 

15 (MH "Risk Factors") 

16 "causation" 

17 "etiology" 

18 "prevention and control" 

19 S15 or S16 or S17 or S18 

20 S14 AND S19 

21 S20 AND S11 

 

 

 

Database: COCHRANE LIBRARY 

Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: Inception – 31 Dec. 2011 

Alerts: None - Search updated until 31 Dec. 2011 

Limits: None 

Filters: Systematic review filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 MeSH descriptor  Alzheimer Disease, this term only 

2 MeSH descriptor Dementia explode all trees 

3 (presenile dementia*) or (acute confusional senile dementia) or (Senile dementia*) 

or (primary senile degenerative dementia) or (primary degenerative senile) 

4 (#1 OR #2 OR #3) 

5 MeSH descriptor Risk Factors, this term only 

6 MeSH descriptor Causality, this term only 

7 Etiology 

8 MeSH descriptor Risk, this term only 

9 MeSH descriptor Primary Prevention, this term only 

10 MeSH descriptor Risk Reduction Behaviour, this term only 

11 (#5 OR #6 OR #7 OR #8 OR #9 OR #10) 

12 (#4 AND #11) 

 

  

Database:       DARE (Database of Abstracts of Reviews of Effects) 

Date of Search: 28 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: Inception – 31 Dec. 2011 

Alerts: Weekly 

Limits: None 

Filters: Systematic review filter:None 

 

Etiology/Risk filter:  None 
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Search Strategy: 

 

Line #                                     Strategy 

1 MeSH DESCRIPTOR Alzheimer Disease EXPLODE ALL TREES 

2 MeSH DESCRIPTOR Dementia EXPLODE ALL TREES 

3 MeSH DESCRIPTOR Risk Factors EXPLODE ALL TREES 

4 MeSH DESCRIPTOR Risk Reduction Behavior EXPLODE ALL TREES 

5 (etiology) OR (causation) OR (primary prevention) IN DARE 

6 #1 OR #2 

7 #3 OR #4 OR #5 

8 #6 AND #7 

 

 

 

 

 

Database:                                     TOXLINE 

Date of Search: 28 Sept. 2011 (Alerts until 31 Dec. 2011) 

Years Searched: 1838 – 31 Dec. 2011 

Alerts: Monthly 

Limits: Language (English, French) 

Search “narrowed” by Publication Type (Review) 

Filters: Systematic review filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 (((((alzheimer) OR ((presenile dementia*) or (acute confusional senile dementia))) 

OR ((Senile dementia*) or (primary senile degenerative dementia))) OR primary 

degenerative senile) AND (Meta-Analysis or methodol* or systematic* or 

quantativ*)) AND (((risk or etiology) or (prevention and control))) 

 

 

 

Database:                                   HuGENet 

Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: 2001 – 31 Dec. 2011 

Alerts: None – Search updated until 31 Dec. 2011 

Limits: None 

Filters: Database Specific Disease Filter:  “Alzheimer Disease”, “Dementia” 

 

Database Specific Study Type Filter : “Meta-analysis”, “Pooled Analysis”, 

“HuGE Review” 

 

Search Strategy: 

 

Line #                                     Strategy 

1 alzheimer[Text+MeSH]>>Alzheimer's Disease, Dementia[Mesh]>>Meta-analysis, 

Pooled Analysis, HuGE Review[StudyType] 
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Database:                   ProQuest Dissertation and Theses 

Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: 1861 – 31 Dec. 2011 

Alerts: Weekly 

Limits: Language (English, French) 

Filters: Systematic review filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 ab(alzheimer's disease OR presenile dementia OR acute confusional senile 

dementia OR senile dementia* or primary degenerative dementia OR primary 

degenerative senile) AND ab(((risk or etiology) OR causation)) AND 

ab(((systematic review or meta-analysis) OR review)) 

 

Database:                                       Google 

Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: N/A 

Alerts: None – Search updated until 31 Dec. 2011 

Limits: None 

Filters: Systematic review filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 "Alzheimer's Disease" OR "presenile dementia" OR "acute confusional senile 

dementia" OR "Senile dementia" OR "primary senile degenerative dementia" OR 

"primary degenerative senile" AND "risk" OR "risk factor" OR "etiology"  AND 

"systematic review"  

 

Database:                                   GoogleScholar 

Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: N/A 

Alerts: None – Search updated until 31 Dec. 2011 

Limits: None 

Filters: Systematic review filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 "Alzheimer's Disease" OR "presenile dementia" OR "acute confusional senile 

dementia" OR "Senile dementia" OR "primary senile degenerative dementia" OR 

"primary degenerative senile" AND "risk" OR "risk factor" OR "etiology"  AND 

"systematic review"  

 

Database:  American Journal of Alzheimer’s Disease and Other Dementias (SAGE 

Journals Online) 
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Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: 1986 – 31 Dec. 2011 

Alerts: Monthly 

Limits: None 

Filters: Systematic review filter:None 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 risk or etiology (in all fields)andsystematic review or meta-analysis (in all 

fields) 

 

 

 

 

 

Database: International Journal of Alzheimer’s Disease 
 

Date of Search: 22 Sept. 2011 (Search re-run until 31 Dec. 2011) 

Years Searched: 2009 – 31 Dec. 2011 

Alerts: None – Search updated until 31 Dec. 2011 

Limits: None 

Filters: Systematic review filter:  None 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 No search engine available, therefore, all three volumes of the journal 

(2009, 2010, 2011) were scanned and articles under the “Review” heading 

in each volume were included.   
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APPENDIX A-2: AMSTAR Instrument 

1. Was an ‘a priori’ design provided? 

The research question and inclusion criteria should be established before the conduct 

of the review.    

 

 

 

 

 

2. Was there duplicate study selection and data extraction? 

There should be at least two independent data extractors and a consensus procedure for 

disagreements should be in place. 

 

 

 

 

 

 

3. Was a comprehensive literature search performed? 

At least two electronic sources should be searched. The report must include years and 

databases used (e.g. Central, EMBASE, and MEDLINE). Key words and/or MESH 

terms must be stated and where feasible the search strategy should be provided. All 

searches should be supplemented by consulting current contents, reviews, textbooks, 

specialized registers, or experts in the particular field of study, and by reviewing the 

references in the studies found. 

 

 

 

 

 

4. Was the status of publication (i.e. grey literature) used as an inclusion 

criterion? 

The authors should state that they searched for reports regardless of their publication 

type. The authors should state whether or not they excluded any reports (from the 

systematic review), based on their publication status, language etc. 

 

 

 

 

 

 

5. Was a list of studies (included and excluded) provided? 

A list of included and excluded studies should be provided. 

 

 

 

 

applicable 

 

6. Were the characteristics of the included studies provided? 

In an aggregated form such as a table, data from the original studies should be 

provided on the participants, interventions and outcomes. The ranges of characteristics 

in all the studies analyzed e.g. age, race, sex, relevant socioeconomic data, disease 

status, duration, severity, or other diseases should be reported.  

 

 

 

 

 

 

7. Was the scientific quality of the included studies assessed and documented? 

‘A priori’ methods of assessment should be provided (e.g., for effectiveness studies if 

the author(s) chose to include only randomized, double-blind, placebo controlled 

studies, or allocation concealment as inclusion criteria); for other types of studies 

alternative items will be relevant. 
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Source: Shea BJ, et al. "AMSTAR is a reliable and valid measurement tool to assess the methodological quality of 

systematic reviews."   Journal of Clinical Epidemiology   62.10 (2009): 1013-20. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Was the scientific quality of the included studies used appropriately in 

formulating conclusions? 

 The results of the methodological rigor and scientific quality should be considered in 

the analysis and the conclusions of the review, and explicitly stated in formulating 

recommendations. 

 

 

 

 

 

 

 

9. Were the methods used to combine the findings of studies appropriate? 

For the pooled results, a test should be done to ensure the studies were combinable, to 

assess their homogeneity (i.e. Chi-squared test for homogeneity, I²). If heterogeneity 

exists a random effects model should be used and/or the clinical appropriateness of 

combining should be taken into consideration (i.e. is it sensible to combine?). 

 

 

 

 

 

 applicable 

10. Was the likelihood of publication bias assessed? 

An assessment of publication bias should include a combination of graphical aids (e.g., 

funnel plot, other available tests) and/or statistical tests (e.g., Egger regression test).   

 

 

 

 

 

11. Was the conflict of interest stated? 

Potential sources of support should be clearly acknowledged in both the systematic 

review and the included studies. 
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APPENDIX A-3:  Excluded studies (n=444) following full-article screening 

 

 

 

Study Reason for exclusion 

Adelman S, Blanchard M and Livingston G. "A systematic review of the prevalence and 

covariates of dementia or relative cognitive impairment in the older African-Caribbean 

population in Britain."   International Journal of Geriatric Psychiatry   24.7 (2009): 657-

65.   

AD was not an 

outcome/Risk estimates 

for AD not reported 

Ahlskog JE, et al. "Physical exercise as a preventive or disease-modifying treatment of 

dementia and brain aging."   Mayo Clinic Proceedings   86.9 (2011): 876-84.   

AD was not an 

outcome/Risk estimates 

for AD not reported 

Akbaraly TN, et al. "Leisure activities and the risk of dementia in the elderly: results 

from the Three-City Study."   Neurology   73.11 (2009): 854-61.   

Not a systematic review 

Akomolafe A, et al. "Genetic association between endothelial nitric oxide synthase and 

Alzheimer disease."   Clinical Genetics   70.1 (2006): 49-56. 

Not a systematic review 

Albani, D., et al. "A novel study and meta-analysis of the genetic variation of the 

serotonin transporter promoter in the italian population do not support a large effect on 

Alzheimer's disease risk."   International journal of Alzheimer's disease   2011.(2011): 

312341. 

Not a systematic review 

Albensi BC and Janigro D. "Traumatic brain injury and its effects on synaptic plasticity."   

Brain Injury   17.8 (2003): 653-63.   

Not a systematic review 

Allen M, et al. "Association and heterogeneity at the GAPDH locus in Alzheimer's 

disease."   Neurobiology of Aging   33.1 (2012): 203.e25-33.   

Not a systematic review 

Alsina J. "Benefits of hormone replacement therapy--overview and update."   

International Journal of Fertility & Womens Medicine   42 Suppl 2.(1997): 329-46.   

Not a systematic review 

"Alzheimer's disease prevention: a reality check". The Lancet Neurology 9 (2010): 643. Not a systematic review 

Amadoruge PC and Barnham KJ. "Alzheimer's disease and metals: a review of the 

involvement of cellular membrane receptors in metallosignalling."   International journal 

of Alzheimer's disease   2011.(2011): 542043. 

Not a systematic review 

Amantea D, et al. "From clinical evidence to molecular mechanisms underlying 

neuroprotection afforded by estrogens."   Pharmacological Research   52.2 (2005): 119-

32.   

Not a systematic review 
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interventions and outcomes. Ranges of characteristics (age, sex, relevant socioeconomic data, disease status, duration , severity, or other diseases should be 

reported)                                                          
7Was the scientific quality of the included studies assessed and documented? A priori methods of assessment should be provided     
8Was the scientific quality of the included studies used appropriately in formulating conclusions?  Results of the methodological rigor and scientific quality should be 

considered in the analysis and the conclusions of the review, and explicitly stated in formulating recommendations.                                                                                                                                               
9Were the methods used to combine the findings of studies appropriate?  For pooled results, a test should be done to ensure studies were comparable, to assess their  

homogeneity (i.e. Chi-squared test for homogeneity, I2). If heterogeneity exists, a random effects model should be used and/or the clinical appropriateness of  

combining should be taken into consideration (i.e. is it sensible to combine?)         
10Was the likelihood of publication bias assessed?  An assessment of publication bias should include a combination of graphical aids (e.g., funnel plot, other available tests)  

and/or statistical tests (e.g., Egger regression test).      
11Was the conflict of interest included?  Potential sources of support should be clearly acknowledged in both the systematic review and the included studies 
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APPENDIX B-1:  Literature Search Strategy 

 

Database: Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept 2013 

Alerts: None 

Limits: Year limit (2009 – Sept. 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Mediterranean diet.mp. or Diet, Mediterranean/ 

2 Diet/ or diet.mp.  

3 Food Habits/ or dietary pattern.mp. 

4 Mediterranean.mp. 

5 adherence.mp. 

6 score.mp. 

7 1 or 2 or 3 or 4 or 5 or 6 

8 alzheimer disease/ or dementia/ 

9 (Alzheimer* or presenile dementia* or acute confusional senile dementia or Senile 

dementia* or primary senile degenerative dementia or primary degenerative 

senile).mp. 

10 8 or 9 

11 prospective.mp. or Prospective Studies/ 

12 Follow-Up Studies/ or follow-up.mp. 

13 Cohort Studies/ or cohort.mp. 

14 11 or 12 or 13 

15 7 and 10 

16 14 and 15 

17 limit 16 to yr="2009 -Current"  

 

Database: Ovid EMBASE Classic + EMBASE 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept. 2013 

Alerts: None 

Limits: Year Limit (2009 – Sept. 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Mediterranean diet.mp. or Mediterranean diet/ 

2 diet/ or diet.mp. 

3 dietary intake/ or food intake/ or dietary pattern.mp. 

4 Mediterranean.mp. 

5 adherence.mp. 

6 score.mp. 

7 1 or 2 or 3 or 4 or 5 or 6 
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8 alzheimer disease/ or dementia/ 

9 alzheimer*.mp. 

10 8 or 9 

11 prospective study/ or prospective.mp. 

12 follow-up.mp. or follow up/ 

13 cohort analysis/ or cohort.mp. 

14 11 or 12 or 13 

15 7 and 10 

16 14 and 15 

17 limit 16 to yr="2009 -Current"  

 

Database: Ovid PsycINFO 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept. 2013 

Alerts: None 

Limits: Year Limit (2009 – Sept. 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Mediterranean diet.mp. 

2 Diet.mp. or Diets/ 

3 Eating Behavior/ or Food Intake/ or Dietary pattern.mp. 

4 Mediterranean.mp. 

5 adherence.mp. 

6 score.mp. 

7 1 or 2 or 3 or 4 or 5 or 6 

8 Dementia/ or Alzheimer's Disease/ 

9 (Alzheimer* or presenile dementia* or acute confusional senile dementia or Senile 

dementia* or primary senile degenerative dementia or primary degenerative 

senile).mp. 

10 8 or 9 

11 Prospective Studies/ or prospective.mp. 

12 Followup Studies/ or follow-up.mp. 

13 Cohort Analysis/ or cohort.mp. 

14 11 or 12 or 13 

15 7 and 10 

16 14 and 15 

17 limit 16 to yr="2009 -Current"  

 

Database: EBSCO CINAHL 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept. 2013 

Alerts: None 

Limits: Year Limit (2009 – Sept. 2013) 

Filters: None 

 

Search Strategy: 
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Line #                                     Strategy 

1 (MH “Mediterranean Diet”) OR “Mediterranean diet” 

2 (MH “Diet”) OR “diet” 

3 “dietary pattern” 

4 “Mediterranean” 

5 “adherence” 

6 “score” 

7 S1 OR S2 OR S3 OR S4 or S5 OR S6 

8 (MH “Alzheimer’s Disease”) 

9 “Alzheimer*” 

10 S8 OR S9 

11 (MH “Prospective Studies”) OR “prospective” 

12 “follow-up” 

13 “cohort analysis” 

14 “cohort stud*” 

15 S11 OR S12 OR S13 OR S14  

16 S7 AND S10 

17 S15 AND S16 [Limiters – Published Date: 20090101 – 20130931]  

 

Database: EBSCO AARP Ageline 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept. 2013 

Alerts: None 

Limits: Year Limits (2009 – Sept. 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Mediterranean diet 

2 diet 

3 Dietary pattern 

4 Mediterranean 

5 Adherence 

6 Score 

7 S1 OR S2 OR S3 OR S4 OR S5 OR S6 

8 Alzheimer's Disease OR presenile dementia* OR acute confusional senile dementia 

OR Senile dementia* OR primary senile degenerative dementia OR primary 

degenerative senile 

9 Prospective stud* 

10 Prospective 

11 Follow-up 

12 Cohort stud* 

13 S9 OR S10 OR S11 OR S12  

14 S7 AND S8 

15 S13 AND S14 [Limiters – Publication Year: 2009 - ]  

 

Database: Web of Science 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept 2013 
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Alerts: None 

Limits: Year limit (2009 – 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Topic=Mediterranean diet) OR Topic=(diet) OR Topic=(dietary pattern) OR 

Topic=(adherence) OR Topic=(score) 

2 Topic=(Alzheimer's diease) OR Topic=(Alzheimer*) OR Topic=(presenile 

dementia*) OR Topic=(acute confusional senile dementia) OR Topic=(senile 

dementia*) OR Topic=(primary senile degenerative dementia) OR Topic=(primary 

degenerative senile)  

3 Topic=(prospective) OR Topic=(prospective stud*) OR Topic=(follow-up stud*) 

OR Topic=(cohort stud*) 

4 #2 AND #1 

5 #4 AND #3 [Timespan = 2009-2013]  

 

Database: The Cochrane Library (The Cochrane Central Register of Controlled Trials) 

 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept 2013 

Alerts: None 

Limits: Year limit (2009 – 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Mediterranean diet 

2 MeSH descriptor: [Diet, Mediterranean] explode all trees.  

3 Diet 

4 MeSH descriptor: [Diet] explode all trees 

5 Dietary pattern 

6 MeSH descriptor: [Food Habits] explode all trees 

7 Mediterranean 

8 Adherence 

9 Score 

10 #1 OR #2 or #3 OR #4 OR #5 OR # 6 OR #7 OR #8 OR #9 

11 Alzheimer* 

12 MeSH descriptor: [Alzheimer Disease] explode all trees 

13 (presenile dementia*) or (acute confusional senile dementia) or (Senile dementia*) 

or (primary senile degenerative dementia) or (primary degenerative senile) 

14 #11 OR # 12 OR #13 

15 #10 AND #14 (from 2009 to 2013, in Trials) - Cochrane Central Register of 

Controlled Trials : Issue 8 of 12, August 2013  

 

Database: Clinicaltrials.gov 

Date of Search: 15 Sept. 2013 

Years Searched: 2009 – Sept 2013 

Alerts: None 
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Limits: Year limit (2009 – 2013) 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Condition: Alzheimer* 

2 Intervention: Mediterranean* OR diet 

3 First received: 01/01/2009 to 09/15/2013  

 

 

Database: International Journal of Alzheimer’s Disease 
 

Date of Search: 10 Oct. 2013 

Years Searched: 2009 – 10 Oct. 2013 

Alerts: None  

Limits: None 

Filters: Observational study filter:  None  

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 No search engine available, therefore, all five volumes of the journal (2009, 

2010, 2011, 2012, 2013) were scanned.  Articles deemed potentially 

relevant were selected.  
 

 

Database:  American Journal of Alzheimer’s Disease and Other Dementias (SAGE 

Journals Online) 

Date of Search: 10 Oct. 2013 

Years Searched: 1986 – 10 Oct. 2013 

Alerts: None 

Limits: None 

Filters: Observational study filter:  None 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Mediterranean diet  
 

 

 

Database:                                       Google 

Date of Search: 10 Oct. 2013 

Years Searched: N/A 

Alerts: None  

Limits: None 

Filters: Observational study filter:  None 

 

Etiology/Risk filter:  None 
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Search Strategy: 

 

Line #                                     Strategy 

1 "Alzheimer's Disease" OR "presenile dementia" OR "acute confusional senile 

dementia" OR "Senile dementia" OR "primary senile degenerative dementia" OR 

"primary degenerative senile" AND "risk" OR "risk factor" OR "etiology"  AND 

“Mediterranean diet”  

First 10 pages scanned for relevant articles.  

 

 

 

Database: GoogleScholar 

Date of Search: 10 Oct. 2013 

Years Searched: N/A 

Alerts: None  

Limits: None 

Filters: Observational study filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 "Alzheimer's Disease" OR "presenile dementia" OR "acute confusionalsenile 

dementia" OR "Senile dementia" OR "primary senile degenerative dementia" OR 

"primary degenerative senile" AND "risk" OR "risk factor" OR "etiology"  AND 

"Mediterranean diet”  

First 10 pages scanned for relevant articles.  

 

Database: ProQuest Dissertation and Theses 

Date of Search: 10 Oct. 2013 

Years Searched: 1861 – 10 Oct. 2013 

Alerts: None 

Limits: None 

Filters: Systematic review filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 ab(alzheimer's disease OR presenile dementia OR acute confusional senile 

dementia OR senile dementia* or primary degenerative dementia OR primary 

degenerative senile) AND ab(Mediterranean diet) AND ab(cohort OR prospective)  
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APPENDIX B-2:  Excluded studies (n=68) following full-article screening 

 

Study Reason for exclusion 

Akbaraly TN, et al. "Education attenuates the association between 

dietary patterns and  

cognition."   Dementia & Geriatric Cognitive Disorders   27.2 

(2009): 147-54.  

 

Does not examine Mediterranean diet 

Arab L and Sabbagh MN. "Are certain lifestyle habits associated 

with lower Alzheimer's disease  

risk?."   Journal of Alzheimer's Disease   20.3 (2010): 785-94.  

 

Review 

 

Barberger-Gateau P, et al. "Dietary patterns and risk of dementia: 

the Three-City cohort study." 

Neurology   69.20 (2007): 1921-30.  

 

Does not examine Mediterranean diet 

Blumenthal JA, Babyak MA and Sherwood A. "Diet, exercise 

habits, and risk of Alzheimer disease."   JAMA   302.22 (2009): 

2431. 

 

Commentary/editorial with no primary 

data 

Chen X, Huang Y and Cheng HG. "Lower intake of vegetables and 

legumes associated with cognitive decline among illiterate elderly 

Chinese: a 3-year cohort study."   Journal of Nutrition, Health & 

Aging   16.6 (2012): 549-52.   

 

Does not examine Mediterranean diet 

Cherbuin N., Kumar R. and Anstey K.. "Caloric intake, but not the 

mediterranean diet, is associated with cognition and mild cognitive 

impairment".  Conference: Alzheimer's Association International 

Conference, AAIC 11 Paris France. Conference Start: 20110716 

Conference End: 20110721 Conference Publication: (var.pagings) 

Alzheimer's and Dementia 7.4 SUPPL. 1 (2011): S691.   

Does not report on risk of developing 

AD 

Corley J, et al. "Do dietary patterns influence cognitive function in 

old age?."   International Psychogeriatrics   25.9 (2013): 1393-407.  

 

Does not examine Mediterranean diet 

Daviglus ML, et al. "Risk factors and preventive interventions for 

Alzheimer disease: state of the science."   Archives of Neurology   

68.9 (2011): 1185-90.    

 

Review 

 

Devore EE, et al. "Total antioxidant capacity of the diet and major 

neurologic outcomes in older adults."   Neurology   80.10 (2013): 

904-10.  

 

Does not examine Mediterranean diet 

Devore EE, et al. "Total antioxidant capacity of diet in relation to 
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APPENDIX C-1:  Literature Search Strategy 

 
 

                                            OVERVIEW 

Databases: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations   

Ovid MEDLINE(R)  

Ovid EMBASE Classic + EMBASE 

EBSCO CINAHL,  

EBSCO AARP Ageline  

Date of Search: 15 July 2012 

Alerts: None 

Study Types: Case-control, Cohort 

Limits: Language limits: English or French 

Human population 

 

 

 SYNTAX GUIDE  

 

OVID 

 

AND AND operator Includes both terms  

OR OR operator Includes either both, the one or the other 

term  

/ Subject Heading   

.ab. Abstract word  

.tw. Text Word  Word in title or abstract field 

.fs. Floating subheading Subheading of any Subject Heading 

.pt. Publication type  

.sh. Subject Heading  

.mp.  Will search in title, abstract and in 

Subject Heading field 

exp Explode  Will include narrower terms to the 

Subject Heading being exploded 

$ Truncation/wild card Adds non or more characters 

$n Truncation/wild card Adds non to n characters 

? Truncation/wild card  Adds non or one character 

adj Adjacency Requires words are adjacent to each other 

in the order typed in 

adjn Adjacency  Requires words are adjacent with n 

words in between - regardless of word 

order 

” – ” Double quotation mark Exact phrase searching  

 

EBSCO 

 

MH CINAHL Heading  

? Wildcard Replaces a single character 

* Truncation Adds none or more characters 

Nn Near operator N5 finds the words if they are within five 
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words of one another regardless of word 

order 

Wn Within operator W5 finds the words if they are within 

five words of one another and in the 

order typed in 

“ - “ Double quotation mark Exact phrase searching 

 

Cochrane Library 

 

AND AND operator Includes both terms  

OR OR operator Includes either both, the one or the other 

term  

MeSH descriptor Subject Heading  

:ti Title word  

:ab Abstract word  

* Truncation Adds non or more characters 

NEAR/n NEAR operator Requires words are adjacent with n 

words in between - regardless of word 

order 

NEXT NEXT operator Requires words are adjacent to each other 

in the order typed in 

 

Syntax Guide source:The Cochrane Effective Practice and Organisation of Care (EPOC) Group, EPOC format for 

reporting the search process:Database Syntax Guide, The Cochrane Effective Practice and Organisation of Care 

(EPOC) Group, Web, 27 Sept. 2011, table. 

 

Template source:  Kaunelis, D. and Farrah, K. “Lecture:  Introduction to Literature Searching.”  CanadianAgency 

for Drugs and Technologies in Health (CADTH).University of Ottawa.  12 May 2011. 

 

 

 

Database: Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process 

 

Date of Search: 20 July 2012 

Years Searched: 1948 – 20 July 2012 

Alerts: None 

Limits: Language (English, French) 

Human subjects 

Filters: Observational study search filter:  Scottish Intercollegiate Guidelines Network 

(SIGN).  “Search Filters.”  Search Filters. Health Improvement Scotland. 27 Feb. 

2012.  Web.  7 June 2012. 

 

Etiology/risk filter:  Sikora, Lindsey.  “Neurology Project – Alzheimer’s Disease.”  

Message to Mona Hersi.  16 May 2011. Email. 

 

Search Strategy: 

 

Line #                                     Strategy 

1 alzheimer disease/ or dementia/ 

2 (Alzheimer* or presenile dementia* or acute confusional senile dementia or Senile 

dementia* or primary senile degenerative dementia or primary degenerative 

senile).mp. 

3 1 or 2 
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4 exp Risk/ 

5 etiology.fs. 

6 genetic.fs. 

7 prevention& control.fs. 

8 4 or 5 or 6 or 7 

9 Epidemiologic studies/ 

10 exp case control studies/ 

11 exp cohort studies/ 

12 Case control.tw. 

13 (cohort adj (study or studies)).tw. 

14 Cohort analy$.tw. 

15 (Follow up adj (study or studies)).tw. 

16 (observational adj (study or studies)).tw. 

17 Longitudinal.tw. 

18 Retrospective.tw. 

19 Cross-sectional studies/ 

20 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 

21 Stress Disorders, Traumatic/ or Stress Disorders, Post-Traumatic/ or Stress 

Disorders, Traumatic, Acute/ or Stress, Psychological/ or stress.mp. 

22 distress.mp. 

23 Anxiety/ or Anxiety Disorders/ or anxiety.mp. 

24 21 or 22 or 23 

25 8 and 24 

26 3 and 25 

27 limit 26 to humans 

28 20 and 27 

29 limit 28 to (english or french) 

 

 

Database: Ovid EMBASE Classic + EMBASE 

 

Date of Search: 20 July 2012 

Years Searched: 1947 – 20 July 2012 

Alerts: None 

Limits: Language (English, French) 

Human subjects 

Filters: Observational study search filter:  Scottish Intercollegiate Guidelines Network 

(SIGN).  “Search Filters.”  Search Filters. Health Improvement Scotland. 27 Feb. 

2012.  Web.  7 June 2012. 

 

Search Strategy: 

 

Line #                                     Strategy 

1 clinical study/ 

2 case control study/ 

3 family study/ 

4 longitudinal study/ 

5 retrospective study/ 

6 prospective study/ 

7 randomized controlled trials/ 

8 6 not 7 

9 cohort analysis/ 
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10 (cohort adj (study or studies)).mp. 

11 (case control adj (study or studies)).tw. 

12 (follow up adj (study or studies)).tw. 

13 (observational adj (study or studies)).tw. 

14 (epidemiologic$ adj (study or studies)).tw. 

15 1 or 2 or 3 or 4 or 5 or 8 or 9 or 10 or 11 or 12 or 13 or 14 

16 exp risk/ 

17 exp risk factor/ 

18 etiology/ or "general aspects of disease"/ 

19 "prevention and control"/ 

20 16 or 17 or 18 or 19 

21 alzheimer disease/ or dementia/ 

22 alzheimer*.mp. 

23 21 or 22 

24 chronic stress/ or mental stress/ or stress/ or emotional stress/ or family stress/ or 

job stress/ or early life stress/ or acute stress disorder/ or life stress/ or acute stress/ 

or stress.mp. or posttraumatic stress disorder/ 

25 psychological stress.mp. 

26 anxiety/ or anxiety.mp. or anxiety disorder/ 

27 24 or 25 or 26 

28 20 and 27 

29  23 and 28 

30 limit 29 to human 

31 15 and 30 

32 limit 31 to (english or french) 

 

 

 

 

Database: EBSCO CINAHL 

 

Date of Search: 20 July 2012 

Years Searched: 1982 – 20 July 2012 

Alerts: None 

Limits: None 

Filters: Observational study search filter:  Scottish Intercollegiate Guidelines Network 

(SIGN).  “Search Filters.”  Search Filters. Health Improvement Scotland. 16 Sept. 

2011.  Web.  21 May 2011. 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 (MH "Prospective Studies")  

2 (MH "Case Control Studies+")  

3 (MH "Correlational Studies")  

4 (MH "Nonconcurrent Prospective Studies")  

5 (MH "Cross Sectional Studies")  

6 (cohort adj (study or studies)).tw. 

7 (observational adj (study or studies)).tw.  

8 S1 or S2 or S3 or S4 or S5 or S6 or S7  
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9 (MH "Alzheimer's Disease")  

10 (MH "Risk Factors")  

11 "etiology"  

12 "prevention and control"  

13 "causation"  

14 S10 or S11 or S12 or S13  

15 (MH "Stress") OR "stress" OR (MH "Stress Disorders, Post-Traumatic") OR (MH 

"Stress, Occupational") OR (MH "Stress, Psychological")  

16 (MH "Anxiety") OR "Anxiety" OR (MH "Anxiety Disorders")  

17 S15 or S16  

18 S14 and S17 

19 S9 and S18 

20 S8 and S19  

 

 

Database: Ovid PsycINFO 

 

Date of Search: 19 Feb 2013 

Years Searched: 1806 – 19 Feb 2013 

Alerts: None 

Limits: Language (English, French) 

Human subjects 

Filters: Observational study search filter:   School of Public Health.  “Search Filters for 

Ovid PsycINFO.”  Ovid PsycINFO.  University of Texas: Health Science Center at 

Houston. 10 Oct. 2011.  Web.  

 

Etiology/Risk filter:  Lamar Soutter Library.  “PsycInfo Evidence-Based Filters.”  

Psychology/Psychiatry Evidence-Based Resources.  University of Massachusetts 

Medical School.  23 Aug. 2006.  Web. 21 May 2011. 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Dementia/ or Alzheimer's Disease/ 

2 (Alzheimer* or presenile dementia* or acute confusional senile dementia or Senile 

dementia* or primary senile degenerative dementia or primary degenerative 

senile).mp. 

3 1 or 2 

4 etiology.ti. 

5 exp PREVENTION/ 

6 Epidemiolog$.ti. 

7 causal.ti. 

8 cohort.ti. 

9 emperical.ti. 

10 risk.ti. 

11 odds.ti. 

12 case control.ti. 

13 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 

14 ((case* adj5 control*) or (case adj3 comparison*) or case-comparison or control 

group*).ti,ab. not "Literature Review".md. 

15 ((cohort or longitudinal or prospective or retrospective).ti,ab,id. or longitudinal 

study.md. or prospective study.md. or retrospective study.md.) not "Literature 
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Review".md. 

16 14 or 15 

17 Psychological Stress/ or Chronic Stress/ or Occupational Stress/ or Acute Stress 

Disorder/ or Posttraumatic Stress Disorder/ or stress.mp. or Stress/ 

18 13 and 17 

19 3 and 18 

20 limit 19 to human 

21 16 and 20 

22 limit 21 to (english or french) 

 

 

 

Database: EBSCO AARP Ageline 

 

Date of Search: 19 Feb 2013 

Years Searched: 1978 – 19 Feb 2013 

Alerts: None 

Limits: None 

Filters: None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 Alzheimer's Disease OR presenile dementia* OR acute confusional senile dementia 

OR Senile dementia* OR primary senile degenerative dementia OR primary 

degenerative senile 

2 cohort or longitudinal or prospective or retrospective  

3 case control or case comparison 

4 etiology or risk factor or causation or prevention and control  

5 stress OR post traumatic stress disorder OR psychological stress OR occupational 

stress  

6 S4 AND S5  

7 S1 AND S6  

8 S2 OR S3  

9 S7 AND S8  

 

 

Database:  American Journal of Alzheimer’s Disease and Other Dementias (SAGE 

Journals Online) 

Date of Search: 19 Feb 2013 

Years Searched: 1986 – 19 Feb 2013 

Alerts: None 

Limits: None 

Filters: Observational study filter:  None 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 risk or etiology (in all fields)andstress (in all fields) and not caregiver (in all 

fields) 
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Database: International Journal of Alzheimer’s Disease 
 

Date of Search: 19 Feb 2013 

Years Searched: 2009 – 19 Feb 2013 

Alerts: None  

Limits: None 

Filters: Observational study filter:  None 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 No search engine available, therefore, all five volumes of the journal (2009, 

2010, 2011, 2012, 2013) were scanned.  Articles deemed potentially 

relevant were imported into DistillerSR.  
 

 

Database:                                       Google 

Date of Search: 19 Feb 2013 

Years Searched: N/A 

Alerts: None  

Limits: None 

Filters: Observational study filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

 

Line #                                     Strategy 

1 "Alzheimer's Disease" OR "presenile dementia" OR "acute confusional senile 

dementia" OR "Senile dementia" OR "primary senile degenerative dementia" OR 

"primary degenerative senile" AND "risk" OR "risk factor" OR "etiology"  AND 

“stress”  

First 10 pages scanned for relevant articles.  

 

 

Database:                                   GoogleScholar 

Date of Search: 19 Feb 2013 

Years Searched: N/A 

Alerts: None  

Limits: None 

Filters: Observational study filter:  None 

 

Etiology/Risk filter:  None 

 

Search Strategy: 

Line #                                     Strategy 

1 "Alzheimer's Disease" OR "presenile dementia" OR "acute confusional senile 

dementia" OR "Senile dementia" OR "primary senile degenerative dementia" OR 

"primary degenerative senile" AND "risk" OR "risk factor" OR "etiology"  AND 

"stress”  

First 10 pages scanned for relevant articles. 
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APPENDIX C-2: Newcastle-Ottawa Scale 

 

 

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE 

 CASE CONTROL STUDIES 
 

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure 

categories. A maximum of two stars can be given for Comparability. 

 

Selection 

1) Is the case definition adequate? 

a) yes, with independent validation  

b) yes, eg record linkage or based on self reports 

c) no description 

2) Representativeness of the cases 

a) consecutive or obviously representative series of cases   

b) potential for selection biases or not stated 

3) Selection of Controls 

a) community controls  

b) hospital controls 

c) no description 

4) Definition of Controls 

a) no history of disease (endpoint)  

b) no description of source 

Comparability 

1) Comparability of cases and controls on the basis of the design or analysis 

a) study controls for _______________  (Select the most important factor.)   

b) study controls for any additional factor   (This criteria could be modified to indicate specific                   

control for a second important factor.) 

 

Exposure 

1) Ascertainment of exposure 

a) secure record (eg surgical records)  

b) structured interview where blind to case/control status  

c) interview not blinded to case/control status 

d) written self report or medical record only 

e) no description 

2) Same method of ascertainment for cases and controls 

a) yes 

b) no 

3) Non-Response rate 

a) same rate for both groups  

b) non respondents described 

c) rate different and no designation 
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE 

 COHORT STUDIES 
 

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome 

categories. A maximum of two stars can be given for Comparability 

 

Selection 

1) Representativeness of the exposed cohort 

a) truly representative of the average _______________ (describe) in the community  

b) somewhat representative of the average ______________ in the community  

c) selected group of users eg nurses, volunteers 

d) no description of the derivation of the cohort 

2) Selection of the non exposed cohort 

a) drawn from the same community as the exposed cohort  

b) drawn from a different source 

c) no description of the derivation of the non exposed cohort  

3) Ascertainment of exposure 

a) secure record (eg surgical records)  

b) structured interview  

c) written self report 

d) no description 

4) Demonstration that outcome of interest was not present at start of study 

a) yes 

b) no 

Comparability 

1) Comparability of cohorts on the basis of the design or analysis 

a) study controls for _____________ (select the most important factor)  

b) study controls for any additional factor   (This criteria could be modified to indicate specific                   

control for a second important factor.)  

Outcome 

1) Assessment of outcome 

a) independent blind assessment  

b) record linkage  

c) self report  

d) no description 

2) Was follow-up long enough for outcomes to occur 

a) yes (select an adequate follow up period for outcome of interest)  

b) no 

3) Adequacy of follow up of cohorts 

a) complete follow up - all subjects accounted for  

b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an                     

adequate %) follow up, or description provided of those lost)  

c) follow up rate < ____% (select an adequate %) and no description of those lost 

d) no statement 
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APPENDIX C-3:  Excluded studies (n=22) following full-article screening 

 
Study Reason for Exclusion 

Andel, Ross. "The association between occupational 

complexity and the risk of dementia: Results from 

case-control and twin analyses." Dissertation 

Abstracts International Section A: Humanities and 

Social Sciences.  64.12-A (2004): 4579. 

Did not examine exposure of interest  

Chan WC, et al. "Neuropsychiatric symptoms are 

associated with increased risks of progression to 

dementia: a 2-year prospective study of 321 Chinese 

older persons with mild cognitive impairment."   Age 

& Ageing   40.1 (2011): 30-5.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Charles E, et al. "[Links between life events, 

traumatism and dementia; an open study including 

565 patients with dementia]."  [in French]  Encephale   

32.5 Pt 1 (2006): 746-52. 

Not a case-control/cohort study 

Clement J.P., Darthout N. and Nubukpo P.. "Life 

events, personality and dementia".  Psychologie & 

neuropsychiatrie du vieillissement 1.2 (2003): 129-

138.   

AD not distinguished from all-cause dementia(relevant 

quantitative data for AD not provided) 

Crowe M, et al. "Do work-related stress and 

reactivity to stress predict dementia more than 30 

years later?."   Alzheimer Disease & Associated 

Disorders   21.3 (2007): 205-9.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Crowe, Michael. "Personality and risk of cognitive 

impairment: A prospective study of Swedish twins." 

Dissertation Abstracts International Section A: 

Humanities and Social Sciences.  65.9-A (2005): 

3517.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Dent, O. F. "Long-term health consequences of 

wartime imprisonment: A review of the Concord 

hospital POW project." Australasian Journal on 

Ageing.  18.3 (1999): 109-113.    

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Fei M, et al. "Prevalence and distribution of 

cognitive impairment no dementia (CIND) among 

the aged population and the analysis of socio-

demographic characteristics: the community-based 

cross-sectional study."   Alzheimer Disease & 

Associated Disorders   23.2 (2009): 130-8. 

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

French LR, et al. "A case-control study of dementia 

of the Alzheimer type."   American Journal of 

Epidemiology   121.3 (1985): 414-21.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Gallacher J, et al. "Does anxiety affect risk of 

dementia? Findings from the Caerphilly Prospective 

Study."   Psychosomatic Medicine   71.6 (2009): 

659-66. 

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Gallassi R, et al. "Are subjective cognitive 

complaints a risk factor for dementia?."   

Neurological Sciences   31.3 (2010): 327-36. 

Did not examine exposure of interest 

Lupien SJ, et al. "The Douglas Hospital Longitudinal 

Study of Normal and Pathological Aging: summary 

of findings."   Journal of Psychiatry & Neuroscience   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 
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30.5 (2005): 328-34.   

Magri F, et al. "Stress and dementia: the role of the 

hypothalamicpituitary-adrenal axis."   Aging-Clinical 

& Experimental Research   18.2 (2006): 167-70.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Meins W and Dammast J. "Do personality traits 

predict the occurrence of Alzheimer's disease?."   

International Journal of Geriatric Psychiatry   15.2 

(2000): 120-4.   

Did not provide risk estimates 

Nabalamba A and Patten SB. "Prevalence of mental 

disorders in a Canadian household population with 

dementia."   Canadian Journal of Neurological 

Sciences   37.2 (2010): 186-94.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

O'Brien J. "Dementia associated with psychiatric 

disorders."   International Psychogeriatrics   17 Suppl 

1.(2005): S207-21.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Palmer K, et al. "Predictors of progression from mild 

cognitive impairment to Alzheimer disease."   

Neurology   68.19 (2007): 1596-602.   

Reported on risk of progression from MCI to AD 

Persson, Goran and Skoog, Ingmar. "A prospective 

population study of psychosocial risk factors for late 

onset dementia." International Journal of Geriatric 

Psychiatry.  11.1 (1996): 15-22.    

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Qureshi SU, et al. "Greater prevalence and incidence 

of dementia in older veterans with posttraumatic 

stress disorder."   Journal of the American Geriatrics 

Society   58.9 (2010): 1627-33.   

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Ravona-Springer R, Beeri MS and Goldbourt U. 

"Exposure to the Holocaust and World War II 

concentration camps during late adolescence and 

adulthood is not associated with increased risk for 

dementia at old age."   Journal of Alzheimer's 

Disease   23.4 (2011): 709-16. 

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Stonnington C.M., et al. "Anxiety affects cognition 

differently in healthy apolipoprotein E 4 

homozygotes and non-carriers".  Journal of 

Neuropsychiatry and Clinical Neurosciences 23.3 

(2011): 294-299. 

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 

Wang HX, et al. "Personality and lifestyle in relation 

to dementia incidence."   Neurology   72.3 (2009): 

253-9. 

AD was not an outcome/AD not diagnosed according to 

acceptable criteria/AD not distinguished from all-cause 

dementia 
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APPENDIX C-4: Included Studies (n=9) 

 

Andel R et al. "Work-related stress may increase the risk of vascular dementia."   Journal of the 

American Geriatrics Society   60.1 (2012): 60-7. 

 

 

Duberstein PR et al. "Personality and risk for Alzheimer's disease in adults 72 years of age and 

older: a 6-year follow-up."   Psychology & Aging   26.2 (2011): 351-62.   

 

 

Johansson L et al.  “Midlife psychological stress and risk of dementia: a 35-year longitudinal 

population study.”  Brain  133 (2010): 2217-24. 

 

Wang HX, et al. "Psychosocial stress at work is associated with increased dementia risk in late 

life."   Alzheimer's & Dementia   8.2 (2012): 114-20.   

 

 

Wilson RS et al. "Chronic psychological distress and risk of Alzheimer's disease in old age."   

Neuroepidemiology   27.3 (2006): 143-53. 

 

 

Wilson RS et al. "Proneness to psychological distress and risk of Alzheimer disease in a biracial 

community."   Neurology   64.2 (2005): 380-2.   

 

 

Wilson RS et al.,  “Proneness to psychological distress is associated with risk of Alzheimer’s 

disease.”  Neurology  61.11 (2003): 1479-85. 

 

 

Wilson RS et al. "Vulnerability to stress, anxiety, and development of dementia in old age."   

American Journal of Geriatric Psychiatry   19.4 (2011): 327-34. 

 

 

Yaffe K et al. "Posttraumatic stress disorder and risk of dementia among US veterans."   Archives 

of General Psychiatry   67.6 (2010): 608-13.   

 

 


