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GENERAL INTRODUCTION

1

Dementia as public health problem
Although older age is the greatest risk factor for the development of cognitive impairment
or dementia later in life,1-3 the general notion of dementia being an inevitable part of
normal ageing is incorrect. Dementia is a syndrome that is characterized by a loss of
cognitive abilities, which is greater than expected based on calendar age alone. Dementia
is defined by multiple distortions in memory, thinking, mood, behavior and activities
of daily living. The psychosocial effects of this disease are tremendous since it not only
affects the person living with dementia, but also severely impacts the quality of life of the
caregiver(s), family and friends.4
Alzheimer’s disease (AD) is the most common cause of dementia and is characterized
by cognitive dysfunctions, most often in the memory domain. Pathological evidence
shows a build-up of amyloid plaques and neurofibrillary tangles in the brain which causes
neurodegeneration and eventually could lead to cognitive disturbances and dementia.5,6
Unfortunately, the exact etiology of dementia syndromes (including AD) is still unknown,
although we can conclude that most forms are of a complex multifactorial nature.
Today, the total number of people worldwide living with dementia is estimated to be 46.8
million.7 Due to the double aging phenomenon (e.g. increase in life expectancy and the
rapid increase in the proportion of oldest old in comparison with the youngest old) in
high income countries and the rising life expectancy and epidemiological transition (e.g.
adoption of a Western lifestyle) in low and middle income countries, this number will only
increase further in the future and is estimated to be 74.7 million in 2030 and 131.5 million
in 2050.7 As a consequence, the associated global societal economic cost of dementia in
2015 was estimated at US$ 818 billion.7 This is comparable with a top 20 ranking (based
on gross domestic product) in the largest economies in the world. Therefore, the World
Health Organization (WHO) recognized dementia as a public health priority in 2012.8

Modifiable risk factors of dementia and public awareness
Findings from a vast number of epidemiological studies suggest that a large amount of
genetic, demographic, cardiovascular, lifestyle, environmental and psychosocial factors
may contribute to the risk for cognitive impairment or dementia. It is well known that nonmodifiable risk factor such as age, sex and certain genetic factors (e.g. apolipoprotein E
genotype) contribute to the risk of developing dementia. Since these static risk factors are
not amendable to change, the focus of dementia research should be shifted to modifiable
risk factors, i.e. factors that can be targeted in order to potentially decrease the risk of
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cognitive impairment or dementia. It has been shown that seven common modifiable
risk factors (diabetes, midlife hypertension, midlife obesity, smoking, depression, low
educational attainment and physical inactivity) together contribute to approximately 30%
of all AD cases worldwide.9 Modifiable factors for (and possible prevention of ) cognitive
decline later in life include a healthy diet (e.g. Mediterranean diet, sufficient intake of
fruit and vegetables), diabetes, depression, smoking, physical activity and cognitive
engagement. Sufficient evidence from randomized controlled trials and observational
studies was found for these factors, but the overall quality of evidence for the majority of
the identified risk and protective factors was relatively low.10 Next, it is still unclear which
specific (combination of ) potentially modifiable factors can be targeted and which age
provides the best window of opportunity to reduce an individual’s dementia risk. The
latter is important given that there is variation in the effects of some risk factors during
the lifespan. For instance, some factors such as obesity and hypertension have more
deleterious effects in midlife than in late-life.11,12 Besides, late-life studies show more
inconsistent results regarding certain health and lifestyle factors.11-14
Despite these encouraging findings suggesting that dementia risk can be influenced, an
Australian survey among two thousand randomly selected persons showed there is low
public awareness that modifiable risk factors may contribute to the risk of developing
dementia. Of the respondents, almost 30% thought that it was not possible to reduce
the risk of developing dementia. Additionally, most people were unaware that health and
lifestyle adaptations might help to reduce the risk for dementia.15 Similar results were
found in a recent survey conducted in the United Kingdom. Just 1% of the respondents
were able to identify all seven modifiable risk and protective factors, whereas almost 60%
of the respondents thought that they could do nothing about their own dementia risk or
answered that they did not know.16
Based on these observations, it is concluded that further research is required to better
understand the role of modifiable risk and protective factors in the etiology of dementia.
In addition, future public awareness campaigns should include information on the
potential relation between health and lifestyle factors and dementia risk in order to raise
more public awareness about the possible preventive effects of certain factors.

Dementia prevention trials
As to date, causal effective treatments for dementia are lacking. For that reason, prevention
of dementia in terms of risk reduction has received increasing attention lately and is
rising on the research agenda. Prevention of dementia was on the topic list of the first G8
Dementia Summit in London on 11 December 2013.
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Only a few studies have investigated the effect of single risk factor reduction in order to
decrease the incidence of cognitive impairment or dementia in the general population.
Additionally, most of these trials were not specifically designed to examine their effects on
dementia incidence, but they focused on other diseases such as stroke. For instance, the
HYVET-COG trial investigated the effect of antihypertensive treatment on the incidence of
dementia. In this group of older adults aged 80 years, blood pressure-lowering medication
did not reduce the number of new dementia cases.17 There are some large (ongoing)
dementia prevention initiatives focusing on multifactorial risk reduction, including the
Prevention of Dementia by Intensive Vascular Care (preDIVA) trial,18 the Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) trial,19
the Multidomain Alzheimer Preventive trials (MAPT),20 and the Healthy Aging Through
Internet Counselling in the Elderly (HATICE) trial.21 Yet, these studies focus on relatively
older adults (e.g. > 60 years). Therefore, the In-MINDD (INnovative Midlife INtervention for
Dementia Deterrence) project was launched in November 2012.

In-MINDD
The overall aim of In-MINDD was to reduce dementia risk or at least delay it onset through
personalized lifestyle interventions in midlife (40-60 years).22 The project consisted of
three work packages (WPs). In WP1 (‘’Risk Prediction Algorithm’’), we identified the most
important modifiable risk and protective factors for primary prevention of dementia by
general practitioners. Based on these findings, we created a multi-factorial model that
quantifies an individual’s potential for dementia risk reduction. Additionally, we validated
this model against several population-based data sets and provided the primary input for
WP2. In WP2 (‘’Profiler and online support environment’’), an on-line profiler and support
environment was developed to calculate an individual’s dementia risk modification
profile and to support access to health information and goal setting, respectively. In WP3
(‘’Feasibility study of the In-MINDD profiler and environment in practice’’), the effects of
the multifactorial environmental risk score, online profiler and support environment has
been tested in a multicenter feasibility trial in primary care across France, Ireland, the
Netherlands and Scotland. The studies conducted in this thesis were either part of InMINDD WP1 or were particularly inspired by the project.
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THESIS AIM AND OUTLINE
The general aim of this thesis was to investigate the role of modifiable risk and protective
factors of dementia in the general population. The thesis consists of two parts. In Part
I, the current state of the literature regarding modifiable risk and protective factors of
dementia is broadly summarized first. Based on these findings, more specific studies
focusing on candidate risk factors of dementia were conducted in the remainder of Part
I. In Part II, observational studies examining the relation between modifiable risk and
protective factors and dementia were object of investigation. In this part, two studies
focus on the validation of the ‘LIfestyle for BRAin Health’ (LIBRA) score, a multifactorial
environmental risk score that displays an individual’s potential for dementia prevention,
which was developed as part of WP1 of the In-MINDD project. More specifically, our study
addressed the following questions:

Part I:
What are established modifiable risk and protective factors for dementia?
Chapter 2 provides a systematic literature review and Delphi expert consensus study
that was set up to identify the most important modifiable risk and protective factors for
primary prevention of dementia.
Is renal dysfunction associated with an increased risk of cognitive impairment or
dementia in the general population?
In Chapter 3 the association between markers of renal dysfunction and risk for cognitive
impairment or dementia is investigated in a systematic literature review and meta-analysis
of prospective population-based studies.
Is there enough evidence to conclude that coronary heart disease is a risk factor for
cognitive impairment or dementia?
Chapter 4 contains a systematic literature review and meta-analysis summarizing the
findings of all available population-based studies investigating the relation between
coronary heart disease (e.g. angina pectoris, myocardial infarction) and risk for cognitive
impairment or dementia.
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Part 2:

1
What are the effects of obesity on cognitive change over time?
In Chapter 5 we examine the effects of prevalent and incident obesity on cognitive
change over time in participants from the Maastricht Aging Study (MAAS). Particularly,
the focus is on the effect of methodological choices and confounding by age.
What is the predictive validity of the LIBRA score for incident mild cognitive impairment
or dementia in midlife and late-life?
In Chapter 6 the predictive accuracy of the LIBRA score in midlife and late-life for
subsequent mild cognitive impairment and dementia is investigated in the longitudinal
population-based Cardiovascular Risk Factors, Aging and Dementia (CAIDE) study.
Additionally, potential differences between persons with high and low genetic risk for
dementia (apolipoprotein E genotype carriers versus non-carriers) are examined in
relation to LIBRA and risk for mild cognitive impairment or dementia.
What is the relation between modifiable risk factors and dementia in the oldest-old?
Chapter 7 assesses the association between modifiable risk and protective factors and
severe cognitive impairment or dementia in participants aged 85 years of older from the
Cambridge City over-75s Cohort (CC75C) Study. In addition, the predictive validity of the
LIBRA score for incident dementia is tested.
The main findings, clinical and scientific implications of the various chapters, and
recommendations for future studies are discussed in Chapter 8. Further, this chapter
provides a list of publications, information about the author, and acknowledgements.
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CHAPTER 2

ABSTRACT
Objective: Dementia has a multifactorial etiology, but the importance of individual
health and lifestyle related risk factors is often uncertain or based on few studies. The goal
of this paper is to identify the major modifiable risk factors for dementia as a first step
in developing an effective preventive strategy and promoting healthy late life cognitive
functioning.
Methods: A mixed-method approach combined findings from a systematic literature
review and a Delphi consensus study. The literature search was conducted in PubMed and
updated an earlier review by the United States National Institutes of Health from 2010. We
reviewed the available evidence from observational epidemiological studies. The onlineDelphi study asked eight international experts to rank and weigh each risk factor for its
importance for dementia prevention.
Results: Out of 3,127 abstracts, 291 were included in the review. There was good agreement
between modifiable risk factors identified in the literature review and risk factors named
spontaneously by experts. After triangulation of both methods and re-weighting by
experts strongest support was found for depression, (midlife) hypertension, physical
inactivity, diabetes, (midlife) obesity, hyperlipidemia, and smoking, while more research is
needed for coronary heart disease, renal dysfunction, diet and cognitive activity.
Conclusions: Findings provide good support for several somatic and lifestyle factors and
will be used to inform the design of a new multicenter trial into dementia prevention.
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INTRODUCTION
The total number of people with dementia will increase due to the ageing of the
population,1,2 and so will associated care costs,3 despite declining prevalence and incidence
rates,4,5 making dementia a global public health priority.6 Identifying major determinants
for dementia is important for understanding disease mechanisms and designing effective
preventive strategies in the absence of curative treatment.7
Potentially modifiable risk factors for cognitive decline and dementia include depression,
diabetes mellitus, smoking, vegetable intake, physical activity, and cognitive training.8,9
A recent review suggested that seven major modifiable risk factors (diabetes mellitus,
midlife hypertension, midlife obesity, smoking, depression, and cognitive and physical
inactivity) account for about 50% of all cases of Alzheimer’s disease (AD) dementia.10 Yet,
the quality of evidence for several of these factors has been judged to be low because
most evidence comes from observational studies.8 In the absence of well-designed
randomized controlled trials (RCT) for most risk and protective factors, experts’ opinion
about the evidence from observational studies might offer an alternative approach to
weight the current evidence regarding a factor’s importance for primary prevention.
Therefore, the current study aimed 1) to update the evidence base regarding major risk
factors for dementia in a systematic review, and 2) to get a better balanced account of
their (relative) importance for dementia prevention in a Delphi expert study.11

METHODS
Phase 1: Systematic review
Data Sources and Searches
PubMed was searched using the search strategy of a recent United States NIH report that
evaluated all literature between 1984 and 27 October 2009.8,9 However, a more generic
search term was used as to be more inclusive and potentially identifying novel risk factors
studied only recently.
Study selection
Inclusion criteria were: population based sample, prospective design (cross-sectional and
retrospective case-control studies were excluded), ≥ 200 participants, aged ≥ 45 years, ≥
1 year follow-up and published between 28 October 2009 and 5 December 2012. For the
full search term see Appendix 1.
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Data extraction
A single rater (SK) screened abstracts for broad suitability. Two investigators (KD, JLM)
then extracted relevant information from full texts such as sample size, age range, followup period, outcome (e.g. dementia, cognitive impairment, cognitive decline), predictors,
and association.
Quality Assessment
Quality aspects of the included cohort studies were assessed with the 8-item Newcastle
Ottawa Scale.12

Phase 2: Delphi study – first round
The Delphi study was conducted among experts in dementia epidemiology and
prevention. Inclusion criteria for experts were: (1) associate professor or higher; (2)
proven track record in the field; (3) board members of professional organizations for
dementia research; and (4) leaders of prominent research groups. A dedicated website
was constructed hosting an online-survey, thereby blinding participants to contributions
from other participants. Experts were provided with a link and unique access code, which
allowed blinding of the moderator (SK) when processing participants’ responses. Twenty
experts were invited, of which eight agreed (40% response rate), one initially agreed but
did not complete the survey, four declined (two lack of time, two referred to colleague),
and seven did not respond after three reminders. In the first round (February-March 2013),
each participant freely named potential risk factors for all-type dementia in subjective
order of importance and indicated potential interactions. Individual responses were then
given a ‘rank score’ (RS) (see Appendix 2 for the formula). Individual experts’ RS were then
summed across experts for a factor’s total RS.

Phase 3: Synthesis of information
Next, evidence was aggregated by compiling lists with the major modifiable risk factors
from both the literature review (the number of encountered studies, consistency in
direction of association, effect size) and the first Delphi round (risk factor’s total RS). The
preliminary risk factor inventory included the highest-ranking factors from both methods.

Phase 4: Delphi study – second round
In the second round (June-September 2013), the same experts were provided with the
results from the systematic review and the aggregated results of the first Delphi round.
They were invited to comment on the preliminary risk factor inventory. Experts then
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weighted the risk factors in order of importance for primary prevention of dementia by
general practitioners. For this, they were given 100 points, which could be distributed
across risk factors (more points = more important). Summation of these points yielded the
final ranking and inventory of most important risk factors.

RESULTS
Systematic review
The search returned 3,127 abstracts, of which 320 (10.2%) were included for full-text
scrutiny. Of these, 29 were excluded for different reasons (Figure 1). From all encountered
risk factors (Appendix 3), we identified the ones studied most extensively and calculated
their consistency of association (Table 1). Several factors showed good (i.e. ≥80%)
consistency: depression, diabetes, and smoking. While there was considerable overlap
with factors reported in our reference reviews,8,10 some were not include before but seemed
promising candidates: coronary heart disease, renal dysfunction, and inflammation.
Quality assessment of 289 studies showed that all of these were of sufficient quality to
include in our analyses (mean = 7.92, SD = 0.64, median = 8, range = 6-9). For two studies
sufficient information could be extracted on the basis of the abstract.
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Records identified through database
searching
(n = 3,127)

Records after duplicates removed
(n = 3,122)

Records screened
(n = 3,122)

Full-text articles assessed for
eligibility (n = 320)

Records excluded
(n = 2,802)

Full-text articles excluded, with reasons (n = 29):
-

Oﬀ-topic (n = 11)
Non-unique dataset (n = 6)
Cross-sectional study (n = 5)
Case-control study (n = 3)
Other study type (n = 4)

Studies included in
quantitative synthesis

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)-style
Flowchart of Study selection and Review
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Table 1. List of best-documented dementia risk and/or protective factors based on review of 291
abstracts (from a total of 3,127)
Number of
studies

Higher risk/
decline

Lower risk/
decline

No
association

Consistency of
association

Depression

21

19

0

2

90%

Hypertensiona

21

16

2

3

76%

Midlife

8

7

0

1

88%

Late-life

16

12

2

2

75%

Diabetes

19

17

0

2

89%

Obesity

14

7

2

5

50%

Midlife

6

4

0

2

67%

Late-life

8

3

2

3

38%

Smoking

13

10

1

2

77%

Coronary heart disease

10

8

0

2

80%

High cholesterol

10

8

0

2

80%

Renal dysfunction

9

9

0

0

100%

Low physical activity

7

5

0

2

71%

High homocysteine

5

4

0

1

80%

Metabolic syndrome

5

4

0

1

80%

Stroke

5

4

0

1

80%

Inflammation

5

3

0

2

60%

High unsaturated fat intake

5

1

4

0

80%

High cognitive activity

4

0

4

0

100%

a

2

Three studies examined both the relation between midlife and late-life hypertension and cognitive decline.

First Delphi round
Experts named 25 modifiable risk factors (Appendix 4). Table 2 shows those with the
highest RS. Also, ten non-modifiable risk factors were named, with the highest RS for age,
generic genetic effects, the apolipoprotein E (APOE) gene in particular, sex, and family
history of dementia. No interaction between risk factors was named twice.

Second Delphi round
In this round, experts assigned points (100 in total) to the modifiable risk factors that
were most prominent in the review and first Delphi (see also Tables 1 and 2). Most points
were given to depression, diabetes, cognitive activity, physical activity, and hypertension.
Mediterranean diet, obesity in midlife, smoking, alcohol intake (low/moderate), and
cholesterol/hyperlipidemia were considered relatively less important (Table 3).
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Table 2. First Delphi round: list of most important modifiable dementia risk factors
Modifiable risk factors

Frequencya

Ranksb

Scorec

Final Rankd

Hypertension

5

1,1,2,3,9

349

1

Diabetes

6

1,2,3,6,7,7

302

2

Physical inactivity

6

2,2,3,6,6,7

292

3

Depression

7

2,3,5,6,8,9,10

220

4

Low cognitive activity

4

2,3,6,7

186

5

Obesity

4

4,5,4,7

126

6

Alcohol

3

3,6,9

110

7

High cholesterol

2

3,6

106

8

Metabolic syndrome

1

1

100

9

Diet

3

5,4,10

86

10

Smoking

4

4,8,8,10

68

11

Frequency = number of times risk factor is mentioned by the eight Delphi experts.
b
Ranks = ranks given to each risk factor by the eight Delphi experts.
c
Score = total number of assigned points based on Ranks (see Appendix 2 for the formula).
d
Final rank = final rank based on Score.
a

Table 3. Second Delphi round: ranking of dementia risk and protective factors
Risk/protective factors

Frequencya

Scoreb

Final Rankc

Depression

8

120

1

Diabetes

8

115

2

High cognitive activity

8

113

3

(High) physical activity

8

111

4

Hypertension

8

108

5

Mediterranean diet

8

64

6

Obesity (midlife)

8

50

7

Smoking

8

46

8

Low/ moderate alcohol

8

37

9

High cholesterol

7

31

10

Coronary heart disease

1

5

11

Frequency = number of times risk factor is mentioned by the eight Delphi experts.
b
Score = total number of points assigned by the eight Delphi experts.
c
Final rank = final rank based on Score.
a
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Summary of major modifiable risk factors
Table 4 shows the final inventory based on the review, Delphi study, and the two reference
reviews.8,10 Relative risks (RR) for dementia were extracted from existing meta-analyses.

2
Table 4. Effects of modifiable risk factors for dementia based on all available evidence from Delphi
expert survey and systematic reviews
Delphi
ranking
Round 1

Delphi
ranking
Round 2

Systematic
review,
number
of studies

Consistency of
association

Systematic
review +
review
of Plassman
et al.
(2010),
number
of studies

Included
in review
of
Barnes
and
Yaffe
(2011)

Relative
risk
extracted from
existing
meta-analyses

Depression

4

1

21

90%

34

X

1.8513

Diabetes

2

2

19

89%

31

X

1.4714

Cognitive activity

5

3

4

100%

8

X

0.3815

Physical activity

3

4

7

71%

15

X

1.3916

(Midlife) hypertension

1

5

21

76%

40

X

1.6110

Diet

10

6

5

60%

7

-

0.6017

(Midlife) obesity

6

7

14

50%

17

X

1.6010

Smoking

11

8

13

77%

27

X

1.5918

Low/moderate alcohol

7

9

3

33%

10

-

0.7419

High cholesterol

8

10

10

80%

15

-

1.5415

Coronary heart
diseased

-

11

10

80%

10

-

1.3620

Renal dysfunction

-

-

9

100%

9

-

1.3921

a,c

b

Low unsaturated fat

-

-

5

80%

11

-

-

Inflammatione

-

-

5

60%

5

-

1.4522

Number of studies based on ‘’Mediterranean diet’’ and “unhealthy diet”.
Mediterranean diet.
c
Meta-analysis on Mediterranean diet.
d
Meta-analysis on atrial fibrillation.
e
Meta-analysis based on pooled effect for C-reactive protein.
a

b
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Depression
In our review, depression increased the risk of cognitive decline or dementia in 19 out
of 21 studies.23-41 Two studies found no association (90% consistency).42,43 Experts rated
depression as the most important risk factor in the second Delphi round. Recent metaanalyses report a 90% higher risk for AD,44 or 85% higher risk for all-type dementia.13
Whether depression is a causal risk factor or a vulnerability marker is controversial.45 Next
to neurodegeneration, cerebrovascular pathology might be involved,30,45 which is in line
with the notion of a 2.5 times increased risk for vascular dementia.13
Diabetes
Nineteen studies reported on diabetes, of which 17 found an increased effect.33,36,46-60 Two
studies found no association (89% consistency).61,62 Experts ranked diabetes as the second
most important risk factor in both Delphi rounds. In a meta-analysis of six prospective
studies, diabetes carried a 47% increased risk of dementia.14 The pathological mechanisms
linking diabetes to cognitive decline and dementia are not fully understood, but might
include metabolic, vascular and inflammatory processes. Insulin deficiency is linked to the
metabolism of the AD pathology including amyloid beta and tau.63,64
Cognitive activity
From four studies on high cognitive activity,65-68 all found a decreased risk (100%
consistency). Experts rated cognitive inactivity as the third most important factor. Pooled
effect sizes of two large prospective studies suggest a 62% lower risk of AD in older adults
who engage in cognitive stimulating leisure activities.15 Yet, another large prospective
study found no support.69 Engagement in cognitively stimulating activities has generally
been associated with a reduced risk for cognitive decline,65,68 mild cognitive impairment
(MCI),66 and dementia.66,67 However, the Advanced Cognitive Training for Independent
and Vital Elderly (ACTIVE) trial found no effect of cognitive training on dementia risk after
five years.70 Cognitive activity may delay cognitive decline by increasing an individual’s
cognitive reserve.66
Physical activity
Out of seven studies on low physical activity, five found an increased risk,71-75 while two
studies found no association (71% consistency).76,77 Experts rated (high) physical activity
as the fourth most important factor. Physical inactivity increased the risk of developing
dementia in a meta-analysis of 14 prospective studies by 39%.16 However, another report
found insufficient evidence supporting an association between physical inactivity and
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dementia.8 Definition of the optimal dose of physical activity is difficult, because studies
rarely include measures of both frequency and intensity of exercise. Some studies have
shown that physical activity might influence cognition by counteracting vascular risk
factors such as hypertension, diabetes and obesity,71,78 whereas a large body of animal
research has demonstrated that physical activity may directly affect the brain, independent
from its cardioprotective effects.79
Hypertension
Out of 21 studies, five focusing on midlife hypertension, 13 on late-life hypertension,
and three examined both. Seven studies into midlife hypertension found an increased
risk,47,50,53,57,80-82 one study found no association (88% consistency).83 For late-life, 12 studies
found an increased risk,33,53,56,57,82,84-90 two a decreased risk,55,91 and two no association (75%
consistency).62,80,92 Experts ranked hypertension as the fifth most important factor. Midlife
hypertension is associated with a 61% increased risk of developing dementia.10 Two metaanalyses from 2011 found no association between hypertension and risk of AD,93,94 but they
combined studies into midlife and late-life hypertension.95 A meta-analysis of nine placebo
controlled trials showed positive effects of blood pressure–lowering therapies, though
interventions were not started in midlife.96 Possible mechanisms include atherosclerosis,
white matter lesions, increased neuritic plaques and tangles, and atrophy.78
Diet
Out of the three studies, two associated a healthy dietary pattern with a lower risk.97,98
One study found no association (67% consistency).73 Experts rated healthy diet (i.e.
Mediterranean diet) as the sixth most important factor.
Regarding the Mediterranean diet, one study found no association99 and another
study showed a protective association.100 A Mediterranean diet is characterized by
(1) a high consumption of olive oil, fruits, vegetables, nuts, seeds, beans, and fish; (2) a
moderate consumption of wine or dairy products such as cheese or yoghurt; and (3) a
low consumption of meat.99,100 Adherence might protect against dementia.17 A recent
systematic review of 12 studies (11 observational studies and one RCT) found that higher
adherence was associated with less cognitive decline and a reduced risk of AD, but not
MCI.101
Obesity
Fourteen studies reported on obesity, of which 6 focused on midlife obesity and eight on
late-life obesity. Midlife obesity increased the risk in four studies,80,102-104 while two found
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no association (67% consistency).73,105 In late-life, three studies found an increased risk
56,106,107
, two studies found a decreased risk,108,109 and three studies found no association
(38% consistency).46,62,108-110. Experts ranked midlife obesity as the seventh most important
factor. In meta-analyses, midlife obesity has been associated with a 60% increased risk of
dementia.10 Overweight and obesity are interrelated and have effects on other risk factors
like hypertension, diabetes and hyperlipidemia.111 Adiposity may influence brain health
through different biological mechanisms including inflammatory cytokines.111,112
Smoking
Thirteen studies reported on smoking. Ten studies found an increased risk,47,56,73,113-119 one
study suggested that (current and past) smoking may be a protective factor for cognitive
decline,120 whereas two studies found no association (77% consistency).52,121 Experts rated
smoking as the eighth most important one. In a meta-analysis of 8 prospective studies,
current smoking was associated with a 59% increased risk of AD.18 Smoking is a catalyst
in the process of cognitive decline, although the exact mechanisms are still unknown.
Smoking might have (indirect) effects on several vascular, inflammatory and degenerative
processes (e.g. oxidative stress)114,115 including atherosclerosis.122
Alcohol consumption
Three studies reported on alcohol consumption. One found that low-to-moderate
alcohol reduced the risk,123 while another study did not confirm this.124 The remaining
study suggested that daily drinking was associated with an increased risk of dementia.119
Experts ranked low-to-moderate alcohol consumption as the ninth most important factor
of dementia. A meta-analysis of 7 prospective studies found a 26% reduced risk in low-tomoderate drinkers.19 A putative protective effect has been linked to cardiovascular (e.g.
lowering of cholesterol, reducing blood pressure, blood clotting and ischemic attacks)
and anti-amyloidogenic effects of wine flavonoids.125,126 On the other hand, chronic
alcohol abuse is associated with a number of brain-related diseases such as the WernickeKorsakoff’s syndrome, alcoholic dementia, stroke, and cerebellar degeneration.127 Alcoholrelated brain damage can be caused by neurotoxicity, nutritional deficiency, neuroinflammation and changes in neurotransmitter systems.127
Cholesterol/hyperlipidemia
Ten studies reported on high cholesterol levels, of which eight found an increased
risk,47,56,128-133 and two studies found no association (80% consistency).62,134 Experts ranked
high cholesterol as the tenth most important factor. A meta-analysis of prospective

30

RISK AND PROTECTIVE FACTORS FOR DEMENTIA PREVENTION

studies from 2008 implied that high midlife total serum cholesterol increases the risk of
dementia,135 whereas late-life cholesterol does not.136,137 A recent meta-analysis of five
prospective studies reported a 54% increased risk in older adults with high levels of serum
cholesterol.15 There are several putative mechanisms linking cholesterol and dementia.
High levels of brain cholesterol accelerate AD progression by influencing the beta-amyloid
metabolism and neurofibrillary tangle formation.138,139
Coronary heart disease
Eight studies of ten found an increased risk in people with coronary heart disease,89,113,140-145,
and two studies found no association (80% consistency).56,146 Experts did not name
coronary heart disease in the first Delphi round, and only one expert suggested to include
it in the second round. Several forms of heart disease have been related to cognitive
decline,147 with atrial fibrillation being studied most extensively.20,148,149 A meta-analysis of
7 prospective studies found a 36% higher risk for AD in people with atrial fibrillation.20
A large cohort study reported an association between atherosclerosis and dementia.150
The association between heart disease and dementia could be (partly) due to shared risk
factors (e.g. hypertension, diabetes, high cholesterol levels, smoking, obesity), leading to
vascular insufficiency, reduced cerebral blood flow and ischemic brain lesions.20,147
Renal dysfunction
All nine studies on renal dysfunction encountered in the review found an increased risk
(100% consistency).151-159 Experts did not name renal dysfunction in first or second Delphi
round. Other considered it a new candidate risk factor.160 A meta-analysis of longitudinal
studies in patients with chronic kidney disease found a 39% increased risk for cognitive
impairment.21 The underlying mechanisms have not been elucidated, but anemia and
cerebral small vessel disease might play a role.161
Unsaturated fat intake
Five studies reported on unsaturated fat intake. Four studies found a decreased risk,162-165
one study found an increased risk (80% consistency).99 Experts did not name fat intake
as a specific risk factor. Observational studies suggest that higher intake of omega-3
polyunsaturated fatty acids may be associated with a reduced risk of dementia.166-168
A meta-analysis of 10 RCTs found no effect in healthy individuals or patients with AD,
but some support for improved memory, attention and processing speed in those with
cognitive impairment no dementia.169
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Inflammation
Five studies reported on serum inflammatory markers. Three studies found a positive
association,170-172 and two studies found no association (60% consistency).173,174 Different
markers of inflammation, e.g. C-reactive protein170-174 or interleukin-6170-173), make
comparisons of individual studies difficult. Inflammation was not named by experts in
the Delphi study. Inflammation has been linked to the pathogenesis of dementia.175 A
meta-analysis of observational studies found that high C-reactive protein levels increase
dementia risk by 45%, while a 32% increased risk was found for higher interleukin-6
levels.22 Inflammation might also be a mediator or moderator of the effect of other risk
factors, including metabolic changes.176

DISCUSSION
This study weighted the evidence for major dementia risk factors by conducting a
systematic literature review on the evidence from epidemiological studies, followed
by expert consensus in a Delphi study. Support was found for several somatic and
lifestyle factors: depression, (midlife) hypertension, physical inactivity, diabetes, (midlife)
obesity, hyperlipidemia, and smoking. In addition, some risk factors were identified that
need further validation (few studies, inconsistent results): coronary heart disease, renal
dysfunction, diet and cognitive activity. Modifiable risk factors have been estimated
to account for 50% of the prevalence of AD dementia.10 Evidence mostly comes from
observational studies,8,10 which are subject to methodological limitations such as exposure
and outcome misclassification, selection and confounding, leading to uncertainty
regarding their importance. Our approach of adding experts’ opinions to the findings of
a systematic review, enriched by existing meta-analyses, make a strong case for targeting
these factors in dementia prevention trials.
There is still considerable low public awareness that dementia risk may depend to some
extent on modifiable lifestyle factors.177 This has important consequences: persons-at-risk
do not seek help, they receive insufficient and inaccurate care as well as support from their
social environment, and dementia is stigmatized.1 The present findings could inform the
design of prevention programs or training curricula for health care providers. Recently,
the Alzheimer’s Association and Centers for Disease Control and Prevention developed
such an initiative.178,179 Findings hopefully stimulate further research into the identified
candidate risk factors.
It is also noteworthy that experts did not agree on possible interactions between risk
factors. Several commented on the scarcity of data available to make an ‘educated guess’.
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It is becoming increasingly clear that AD and other common types of dementia show a
mixed pathology.180-182 Risk factors are unlikely to occur in isolation, but might interact in a
synergistic or antagonistic way, or form clusters (e.g. metabolic syndrome). Obviously, more
research into the etiological complexity of dementia using advanced statistical methods is
needed to get a better view of the interrelated action of risk factors. Ongoing and planned
dementia prevention initiatives will explore optimal target populations, intervention
strategies, and outcome measures that are important for future multi-national clinical
trials on dementia prevention. Three large multi-domain dementia prevention studies are
ongoing (Prevention of Dementia by Intensive Vascular Care (preDIVA), Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER), Multidomain
Alzheimer Preventive trails (MAPT)),183-185 and together form the European Dementia
Prevention Initiative (EPDI).186 This initiative developed a new RCT, the Healthy Aging
Through Internet Counselling in the Elderly (HATICE), to investigate whether cognitive
decline or new cardiovascular disease can be prevented.186
The focus of these intervention studies is on older adults (>60 years), while some
risk factors show most effect in middle-aged persons (e.g. hypertension, obesity).
Identification of midlife modifiable risk factors is crucial in order to intervene at an early
stage of the disease process. The In-MINDD (Innovative Midlife Intervention for Dementia
Deterrence) project aims to decrease dementia risk and/or delay its onset through lifestyle
interventions in midlife. The current findings will then be used to inform the design of a
European multicenter trial into dementia prevention in individuals aged 40 to 60 years as
part of the In-MINDD project.
The primary strength of our study is the use of both quantitative and qualitative information
to identify dementia risk and protective factors. This allowed for cross-validation and
triangulation of the findings in order to arrive at what appears as current best evidence.
In addition, we compared and pooled our findings with the results and from recent metaanalyses and systematic reviews to arrive at a final risk inventory. Second our broad search
term yielded more results and we therefore identified some candidate risk factors (e.g.
renal dysfunction) that were not included in previous reviews.8,10
Still our study has several limitations. First, we focused only on observational studies due
to the nature of this study and research project. For some of the identified factors (e.g.
diet, cognitive activity, physical activity), good evidence comes from RCTs (see Appendix
5). We realize that by excluding RCT valuable information was lost and thereby causality
between predictors and outcome cannot directly be demonstrated. Second, many of
the risk factors encountered are interrelated (e.g. diabetes and obesity). Therefore, it is
not possible to state that reduction of a certain risk factor could lead to a lower disease
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incidence due to that specific factor. Well-designed RCTs are needed to assess the effect
of risk factor reduction strategies on dementia incidence, ideally targeting multiple
modifiable risk factors and assessing possible interactions as well as age-dependent
effects. Third, by restricting observational studies to those with a follow-up > 1 year we
excluded studies showing promising short-term results. Fourth, the majority of evidence
for our findings (both systematic review and Delphi consensus study) reflects sources from
the Western (mostly Caucasian) population, with little evidence from literature as applied
to Asians, Blacks, and other minorities. Fifth, various measures were used across studies to
define cognitive change (e.g. Mini-Mental State Examination (MMSE) score of 23 or less, 3
points change in MMSE score, incident MCI),187-189 making direct comparisons of findings
difficult. Sixth, the present findings must be interpreted with caution due the existence
of publication bias. Finally, it would have been desirable to have more participants in the
Delphi exercise. However, we considered the quality of the panel at least as important as
quantity.
In summary, there is good support from both the literature and experts’ opinions on
the role of several modifiable risk and preventive factors for cognitive decline and
dementia. These findings flag several important targets for dementia prevention through
interventions starting in midlife.
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SUPPLEMENTAL DATA
APPENDIX 1: PubMed search term
(risk factor[ALL] OR epidemiologic factors[mesh] OR exposure*[ALL] OR exposed[TW] OR
determinant*[ALL] OR predict*[ALL]) AND ((dementia[mesh] OR dementia[all fields] OR
Alzheimer* OR alzheimer disease[mesh]) OR (((cognitiv* OR cognition OR memory) AND
(declin* OR impair* OR deteriora* OR change* OR deficit* OR complaint*)) OR “Cognition
Disorders”[Mesh:noexp]) OR (“pre- clinical AD” OR “preclinical AD”)) AND (((Epidemiologic
Studies[Mesh:noexp] OR case-control studies[Mesh] OR cohort studies[Mesh] OR
seroepidemiologic studies[Mesh]) OR cohort OR cohorts OR observ* OR case-control OR
non-randomized OR nonrandomized OR unrandomised OR prospectiv* OR retrospectiv*
OR follow* OR longitudinal OR (cases AND controls)) AND (odds ratio[Mesh] OR “odds ratio”
OR “relative risk” OR risk OR risks OR associat* OR causality OR etiology OR epidemiology OR
ethnology OR probability OR inciden*)) NOT ((schizophrenia[mesh] OR schizophrenia[all
fields] OR “down syndrome”[mesh] OR “down syndrome”[all fields] OR “psychotic
disorders”[mesh] OR “psychosis”[all fields] OR “substance-related disorders”[MeSH Terms]
OR “substance abuse”[all fields] OR epilepsy[mesh] OR epilepsy[all fields] OR “seizure
disorder”[all fields] OR “Parkinson Disease[Mesh]” OR “Parkinson disease”[ALL] OR “Bipolar
Disorder[Mesh]” OR “bipolar disorder”[ALL])) NOT (letter[PT:noexp] OR review[PT:noexp])
AND ((“2009/10/28”[PDAT] : “2012/12/05”[PDAT]) AND “humans”[MeSH Terms] AND
(Dutch[lang] OR English[lang] OR German[lang]) AND (“middle aged”[MeSH Terms] OR
“aged”[MeSH Terms])) NOT (depression[ALL] AND (“cognitive therapy”[ALL] OR “cognitive
behavioral therapy”[ALL]))

APPENDIX 2: Formula first Delphi round
In the first Delphi round, each participant freely named potential risk factors for all-type
dementia in subjective order of importance. Individual responses were given a ‘rank score’.
This rank score is constructed by using the following quadratic scale:
rank 1 = 100 points (10^2)
rank 2 = 81 points (9^2)
rank 3 = 64 points (8^2)
rank 4 = 49 points (7^2)
rank 5 = 36 points (6^2)
rank 6 = 25 points (5^2)
rank 7 = 16 points (4^2)
rank 8 = 9 points (3^2)
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rank 9 = 4 points (2^2)
rank 10 = 2 points (1^2).
Individual experts’ RS were then summed for a total RS.
Example
As illustrated in Table 2, hypertension was mentioned five times by the Delphi experts and
was given the following ranks: 1, 1, 2, 3, 9. This results in the following rank scores: rank 1 =
100 points (10^2); rank 1 = 100 points (10^2); rank 2 = 81 points (9^2); rank 3 = 64 points
(8^2), rank 9 = 4 points (2^2). The total rank score for hypertension is 349 points.

APPENDIX 3: Full list of modifiable and non-modifiable risk factors
encountered in systematic literature review
Domain

Modifiable risk factor

Number of studies

Vascular factors

Hypertension (1–21)

21

Cholesterol/hyperlipidemia (16, 17, 20, 22–28)

10

(Coronary) Heart disease (3, 16, 29–36)

10

Stroke (31, 37–40)

5

Vascular risk factors/disease in general (8, 41–43)

4

Retinopathy (44–46)

3

D-dimer levels (47–49)

3

Arterial stiffness (10, 50)

2

High Framingham risk score (51, 52)

2

Hypotension (53)

1

Diastolic blood pressure (54)

1

Ventricular hypertrophy (3)

1

Carotid intima media thickness (55)

1

Blood viscosity (56)

1

Fibrinogen (56)

1

Hematocrit (56)

1

Depression (5, 39, 55, 57–74)

21

Diabetes (2, 5, 8, 14, 16, 17, 20, 21, 40, 67, 75–83)

19

Overweight/obesity (7, 16, 17, 54, 80, 84–92)

14

Renal dysfunction (93–101)

9

Metabolic syndrome (90, 102–105)

5

Inflammation (106–110)

5

Gait problems/ speed (111–115)

5

Frailty (114, 116–119)

5

Other medical
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Domain

Modifiable risk factor

Number of studies

Other medical

Self-report cognitive impairment (120–124)

5

Poor dental health (125–128)

4

Functional impairment (39, 40, 129, 130)

4

Low handgrip strength (115, 131–133)

4

Poor general health (134–136)

3

Lung function (137–139)

3

Poor sleep (72, 140, 141)

3

Anxiety (59, 72)

2

Weight loss (142, 143)

2

Head injury (66, 144)

2

Mobility (145, 146)

2

Cancer (147)

1

Muscle strength (148)

1

Hypoglycemia (149)

1

Apathy (150)

1

Weight gain (142)

1

Low circadian rhythm (151)

1

Osteoporosis (152)

1

Parkinsonism (114)

1

Terminal pathology (153)

1

Sepsis (154)

1

Essential tremor (155)

1

Hysterectomy and oophorectomy (156)

1

Posttraumatic stress disorder (157)

1

Migraine (158)

1

General lifestyle

48

Smoking (16, 20, 29, 41, 83, 84, 152, 159–164)

13

Low physical activity (84, 113, 165–169)

7

Low cognitive activity (170–173)

4

Low leisure time activity (54, 174, 175)

3

Occupational stress (176–178)

3

Adverse life events (179, 180)

2

Low social engagement (181, 182)

2

Purpose in life (183, 184)

2

Unhealthy lifestyle (185, 186)

2

Religious attendance (185, 187)

2

Social vulnerability (188)

1

Self-maintenance activities (54)

1
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Domain

Modifiable risk factor

Number of studies

General lifestyle

Novel information processing (54)

1

Worriness (189)

1

Positive affect (54)

1

Negative affect (54)

1

Low unsaturated fat intake (190–194)

5

Low vitamin B and folic acid (195–197)

3

Low fruit and vegetable intake (67, 198, 199)

3

High alcohol intake (152, 200, 201)

3

Unhealthy diet (84, 202, 203)

3

Low vitamin D (204, 205)

2

Low vitamin E (206, 207)

2

Low leptin (152, 208)

2

High caloric intake (190, 209)

2

Fish intake (192, 193)

2

Mediterranean diet (190, 210)

2

Coffee intake (211)

1

Caffeine intake (212)

1

Low flavonoids (213)

1

Dietary inflammation score (214)

1

Daily supplementation of vitamins B12, B6, and folic acid (215)

1

Anticholinergica (216–219)

4

Statin use (25, 220, 221)

3

Lipid lowering agents (222)

1

Fibrate use (220)

1

Antidepressants (223)

1

Sedatives (224)

1

Non-steroidal anti-inflammatory drugs (225)

1

Antihistamines (226)

1

Polypharmacy (227)

1

Gonadal steroids (228)

1

Benzodiazepines (229)

1

Hormone therapy (83)

1

Angiotensin converting enzyme inhibitors (230)

1

Air pollution, particles (231)

1

Exposure to extreme low-frequency magnetic fields (232)

1

Diet

Drug use

Environmental

2
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Domain

Modifiable risk factor

Number of studies

Molecular
(non-disease)
markers

High homocysteine (197, 233–236)

5

Cortisol (118, 237)

2

Sex-hormone binding globulin (238, 239)

2

Telomere length (240, 241)

2

Fibrinogen (49, 109)

2

Low testosterone (238, 242)

2

Estradiol (238, 243)

2

High Triglycerides (27)

1

Methylglyoxal (244)

1

3-methoxy-4-hydroxyphenylglycol (245)

1

Thyroid-stimulating hormone (246)

1

F-2 isoprostanes (oxidative stress) (247)

1

Low B-type nutriuretic peptide (248)

1

Estrone (243)

1

Factor V (109)

1

Plasminogen (109)

1

von Willebrand factor (49)

1

Parathyroid hormone (249)

1

Poor vision (250)

1

Poor odor identification (251)

1

Hearing loss (252)

1

Perceived performance difficulty (57)

1

High nontraditional risk factors (253)

1

Non-modifiable risk factor

Number of studies

Other

Domain
Demographics

50

Low education (3, 5, 16, 21, 29, 40, 66, 126, 129, 145, 171, 254–268)

26

Older age (3, 5, 16, 29, 40, 43, 55, 66, 121 ,122, 129, 181, 254, 255,
257, 258, 263, 265, 266, 269–271)

22

Male sex (3, 5, 29, 40, 145, 181, 217, 254–257, 260, 265, 266, 272)

15

Low socioeconomic status (171, 181, 272–274)

5

Ethnicity (3, 16, 268)

3

Low occupational level (29, 275)

2

Positive family history dementia (217)

1

Large household size (29)

1

High job-related physical demand (262)

1

Low motivation-related occupational activities (276)

1

Minority status (258)

1
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Domain

Non-modifiable risk factor

Number of studies

Demographics

Rural residence (181)

1

Parental longevity (277)

1

Non-native language use (278)

1

Marital status (254)

1

Living situation (254)

1

Personality

Genetics

Other

High neuroticism (279–282)

4

Lower openness to experience (279, 282, 283)

3

Lower conscientiousness (279, 282)

2

Extraversion (279)

1

Apolipoprotein E (APOE) E4 allele (16, 43, 58, 67, 284–287)

8

Brain-derived neurotrophic factor (BDNF) val66met polymorphism
(169)

1

Interleukin-1 alpha (IL-1α) rs1800587 single nucleotide
polymorphism (288)

1

Interleukin-1 beta (IL-1β) rs3087258 single nucleotide
polymorphism (288)

1

Tumor necrosis factor alpha (TNF-α) rs1799724 single nucleotide
polymorphism (288)

1

Fat mass and obesity associated gene (FTO-gene) (289)

1

NOS1 Ex1f-VNTR ( functional promoter polymorphism of nitric
oxide (NO) synthase (NOS-I) gene) (290)

1

Low birth weight (291)

1

Small head circumference (105)

1

Menopause transition stage (72)

1

Age at menopause (83)

1

2
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APPENDIX 4: Full list of modifiable, non-modifiable risk factors and their
interactions as identified by the expert panel during the first Delphi round
Modifiable risk factors

Frequency

Ranks

Rank
score

Final
rank

Formal education

6

1,1,1,2,4,5

466

1

Hypertension / high blood pressure

5

1,1,2,3,9

349

2

Diabetes

6

1,2,3,6,7,7

302

3

Physical inactivity

6

2,2,3,6,6,7

292

4

Psychosocial stress / Depression

7

2,3,5,6,8,9,10

220

5

Low cognitive activity

4

2,3,6,7

186

6

Obesity

4

4,5,4,7

126

7

Alcohol

3

3,6,9

110

8

High cholesterol

2

3,6

106

9

Metabolic syndrome

1

1

100

10

Head Injury

3

2,8,8

99

11

Diet

3

5,4,10

86

12

Intelligence quotient (IQ)

1

3

81

13

Smoking

4

4,8,8,10

68

14

Other vascular risk factors and disease

3

4,7,10

66

15

Infectious disease (human immunodeficiency virus (HIV),
malaria, Prion disease)

2

4,7

65

16

Other stimulating leisure activities

1

4

49

17

Low social engagement

2

5,10

37

18

Rural residence

1

5

36

19

High homocysteine

1

5

36

19

Stroke

1

5

36

19

Parkinson’s disease

1

6

25

22

Noxious substances and drugs

2

9,9

8

23

Sleep quality

1

9

2

24

Fetal and childhood nutrition

1

10

1

25

Non-modifiable risk factors

Frequency

Ranks

Rank
score

Final
rank

Age

7

1,1,1,1,2,1,1

681

1

Genes

7

2,2,2,3,1,5,4

492

2

Apolipoprotein E (APOE) ε4 allele

5

2,3,2,3,3

354

3

Sex

4

1,5,5,4

197

4
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Non-modifiable risk factors

Frequency

Ranks

Rank
score

Final
rank

Family history

2

2,2

162

5

Head trauma

2

3,3

128

6

Terminal decline; end of life dysfunction

2

3,4

113

7

Stroke

1

4

49

8

Socioeconomic status

1

4

49

8

Down syndrome and other intellectual disability

1

6

25

10

Interactions

Frequency

Age * Family history

1

Age * APOE E4

1

Age * Genes

1

Physical inactivity * Age

1

Hypertension * Genes

1

Obesity * Age

1

Diabetes * Genes

1

Head trauma * Genetics

1

Head trauma * Age

1

Physical inactivity * APOE E4

1

Diet * APOE E4

1

Alcohol * APOE E4

1

Smoking * APOE E4

1

Low cognitive activity * APOE E4

1

Head trauma * APOE E4

1

Diabetes * Hypertension

1

Diabetes * Physical inactivity

1

Hypertension * APOE E4

1

Physical inactivity * Low cognitive activity

1
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APPENDIX 5: Examples of existing randomized controlled trials (RCT) per
risk factor
Depression
A RCT in 63 depressed older adults investigated the effects of antidepressants (sertraline
or nortriptyline) on cognitive test performances. Participants in the sertraline condition
improved significantly on verbal learning abilities independent of the responder status
(response to medication yes or no). In comparison, participants in the nortriptyline
condition showed no improvement in all cognitive domains.1 It remains unclear whether
this improvement in memory could be entirely explained by sertraline use or whether
it could be attributed to other factor such as the small sample size or learning and
expectancy effects.
Diabetes
No RCT examined the effect of treatment on dementia prevalence or cognitive outcomes.
Cognitive activity
A recent RCT evaluated the effects of a computerized brain exercise program (5 days a week
for 20-25 minutes each day) on cognitive abilities in healthy older adults. Participants in
the intervention group improved significantly on delayed memory, but not on language
and immediate memory. All participants who achieved more than 40 sessions improved
on all three cognitive domains over the 6 month period.2
Physical activity
A RCT in 120 older adults investigated the effects of aerobic exercise training on
hippocampal volume and memory. Participants were randomized to a moderate-intensity
aerobic exercise (3days per week) group (intervention) or stretching and toning exercises
group (control). Hippocampal volume was increased by 2% in the 1-year aerobic exercise
group compared to a 1.4% decline in the stretching control group over a 1-year period. In
addition, both groups showed an improvement in spatial memory.3
Cognitive activity/physical activity
The Mental Activity and eXercise (MAX) trial investigated the combined effects of physical
and cognitive activity on cognition in 126 community-residing older adults with cognitive
complaints. All participants followed class-based physical activity and home-based
mental activity and were randomized to a mental activity intervention or control group
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plus a physical activity or control group. Global cognition improved significantly over time
with no difference between intervention and active control groups.4
Hypertension
The Ongoing Telmisartan Alone and in Combination With Ramipril Global End Point Trial
(ONTARGET) and the Telmisartan Randomized Assessment Study in ACE [AngiotensinConverting Enzyme]-Intolerant Subjects With Cardiovascular Disease (TRANSCEND) in
more than 25,000 patients with vascular disease or diabetes mellitus investigated the
effects of telmisartan (angiotensin-receptor blocker) and Ramipril (angiotensin-converting
enzyme (ACE) inhibitor) and a combination of these two drugs on cognitive functioning.
Over several years of treatment, no beneficial cognitive outcomes were found in all bloodpressure lowering medication groups.5
Diet
The PREDIMED-NAVARRA trial randomized 1,055 adults aged 55-80 years to either a
control group (advice to adhere to a low-fat diet), or one of two interventions groups
with advice how to cook a Mediterranean diet plus a) 30 grams nuts each day, or b) free
allotments of extra-virgin olive oil. After 6.5 years of follow-up, the two treatment groups
performed modestly better than the control group on the Mini-Mental State Examination
(0.5-0.6 point difference). However, only 50% of the original sample could be tested due
to loss to follow-up.6
Obesity
No RCT examined the effect of treatment on dementia prevalence or cognitive outcomes.
Smoking
No RCT examined the effect of treatment on dementia prevalence or cognitive outcomes.
Alcohol consumption
No RCT examined the effect of treatment on dementia prevalence or cognitive outcomes.
Cholesterol/hyperlipidemia
The PROspective Study of Pravastatin in the Elderly at Risk (PROSPER) investigated the
effects of a lipid-lower agent (pravastatin) on cognitive function in 5,804 elderly subjects
with pre-existing vascular disease or increased risk of such disease. During the 3-year
follow-up period, participants in the pravastatin condition did not perform better on all
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cognitive domains compared to the placebo condition.7 Similar results were found in two
RCTs evaluating the effects of statin use in participants with mild to moderate dementia.8,9
Coronary heart disease
No RCT examined the effect of treatment on dementia prevalence or cognitive outcomes.
Renal dysfunction
No RCT examined the effect of treatment on dementia prevalence or cognitive outcomes.
Unsaturated fat intake
A number of RCTs have investigated the effects of unsaturated fat intake on cognition,
but the results are divergent.10,11 For instance, a recent RCT in 40 healthy older adults (5172 years) evaluated the effects of intake of long-chain plasma n-3 polyunsaturated fatty
acids (3 grams on a daily basis) on cognitive test performance. After a period of 5 weeks,
participants who were supplemented with n-3 polyunsaturated fatty acids performed
better on a working memory test in comparison with the control group.10
Inflammation
The Alzheimer’s Disease Anti-inflammatory Prevention Trial (ADAPT) investigated whether
non-steroidal anti-inflammatory drugs (celecoxib or naproxen) could be used to delay the
onset of dementia12 among 2,528 volunteers aged 70 years and older. Initial results were
contradictive and not very promising.13-15 Similarly, the 7-year follow-up study of this trial
found no evidence for the protective effects of celecoxib or naproxen16
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ABSTRACT
Objective: Renal dysfunction has been linked with increased risk for cognitive impairment
and dementia, but studies are conflicting. For that reason, the aim of the present systematic
review and meta-analysis is to summarize the best available evidence on the prospective
association between potential markers of renal dysfunction and development of cognitive
impairment or dementia.
Methods: Medline, Embase and Cochrane Database of Systematic Reviews were searched
for potential publications until 1 August 2016. Studies were eligible if they fulfilled the
following criteria: population-based study, prospective design, ≥100 participants, aged
≥45 years, ≥1 year follow-up, and cognition/dementia outcomes. Where appropriate,
random effects meta-analyses were conducted yielding pooled odds ratio’s (OR) and 95%
confidence intervals (CI).
Results: Twenty-two out of 8,494 abstracts fulfilled the eligibility criteria. Sufficient
evidence was found for albuminuria, mixed results for estimated glomerular filtration rate
(eGFR), insufficient support for cystatin C, and tentative evidence for serum creatinine and
creatinine clearance. Meta-analyses of five studies representing 27,805 persons showed a
35% increased risk of cognitive impairment or dementia in those with albuminuria (OR =
1.35, 95%CI 1.06-1.73, p = 0.015, whereas eGFR <60 mL/min/1.73 m2 showed no significant
association (OR = 1.28, 95%CI 0.99-1.65, p = 0.063). No meta-analyses could be done for
serum creatinine, creatinine clearance and cystatin C.
Conclusions: The overall evidence for an association between renal dysfunction and
cognitive impairment or dementia is modest. Evidence suggests that albuminuria is
associated with higher odds of developing cognitive impairment or dementia.
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INTRODUCTION
Renal dysfunction has been considered a candidate risk factor for cognitive impairment
and dementia.1-3 The kidneys and the brain, both being end organs, are susceptible to
vascular damage due to broadly similar anatomic and hemodynamic features.4 Chronic
kidney disease (CKD) and dementia share a similar risk factor profile including hypertension,
diabetes mellitus, or hyperlipidemia, and in both conditions a high prevalence of
small vessel disease, silent brain infarcts, white matter pathology and microbleeds was
reported.2,3,5-8 Hence, several pathways may underlie the association between CKD and
cognitive impairment, including shared vascular factors or a direct neurotoxic effect of
uremia.2,9
Worldwide, the number of people with dementia increases.10 Identification of
determinants of dementia is important given the absence of effective treatments. There
is sufficient evidence to support the associations between modifiable risk factors and
cognitive decline or dementia later in life.11,12 The global prevalence of CKD in the general
population is estimated to be 8-16%, with the highest prevalence in older people.13 Both
CKD and dementia are important public health problems with associated poor health
outcomes and rising health care costs for our society.14,15
A previous meta-analysis found a 39% increased odds for cognitive impairment in subjects
with CKD.16 Yet, this study included only six prospective studies and only reported on
estimated glomerular filtration rate (eGFR) as a marker of renal dysfunction, potentially
excluding relevant studies using other markers like albuminuria or cystatin C. Therefore,
we took a broader approach and systematically reviewed the best available evidence
on the prospective association between potential markers of renal dysfunction and
development of cognitive impairment or dementia.

METHODS
Data Sources and Searches
The literature search was conducted in Medline, Embase and Cochrane Database of
Systematic Reviews. A deliberate choice was made for a broad search with minimal
restrictions in order to harvest all potentially interesting publications. Some markers
of renal function were specified within the search term due to their wide use in clinical
practice.17 The search strategy included 1) terms related to predictors (e.g. “renal”,
“kidney”, “albuminuria”, “creatinine”, “cystatin”), 2) terms for the outcomes (e.g. “dementia”,
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“Alzheimer’s disease”, “cognitive impairment”), and 3) specific limitations (i.e. humans,
language restrictions). See Appendix 1 for the complete search strategy.

Study Selection
All publications until 1st August 2016 were included that fulfilled the following inclusion
criteria: population-based study, prospective design, ≥100 participants, aged ≥45 years,
≥1 year follow-up, cognition/dementia outcomes. Secondary literature (review articles,
conference abstracts) and reference lists of publications were also scrutinized.

Data Extraction and Quality Assessment
The selection process followed the PRISMA guidelines. Firstly, two independent raters (SK,
KD) screened titles and abstracts for broad suitability and eligibility criteria. Secondly, two
independent investigators (IC, KD) reviewed the full text versions of potentially relevant
citations and extracted information such as sample size, setting, age range, follow-up
period, outcome (dementia, cognitive impairment, or cognitive decline), predictors
(marker of renal dysfunction), and effect estimate, according to a standardized data
collection form. Discrepancies were resolved through consensus and discussion with
the third reviewer (SK). Corresponding authors were contacted if full-text articles were
not available or additional information was required (with two reminders in case of nonresponse). Quality aspects were assessed with the Newcastle-Ottawa Scale (NOS).18

Markers of renal dysfunction
eGFR is expressed as milliliter blood filtered per minute by the functioning nephrons in
the kidney, with <60 mL/min/1.73 m² as moderately impaired and <45 mL/min/1.73 m²
as moderate to severely impaired kidney function. Yet, an eGFR of 60-90 mL/min/1.73
m² represents mildly reduced kidney function (stage 2 CKD). In the present study, we
will look at more advanced stages of CKD, namely eGFR levels <45, 45-59 and <60 mL/
min/1.73 m2. eGFR <60 mL/min/1.73 m² is the most common indicator of CKD.19 eGFR
can be derived according to different formulas usually from serum creatinine (SCr).20
Albuminuria or proteinuria refers to an abnormal amount of proteins (e.g. albumin)
present in the urine.21 Normally, proteins are retained during the filtration process in the
kidneys. Microalbuminuria is defined as excretion of 30–300 mg of albumin per 24 hours,
whereas macroalbuminuria is defined as an excretion of more than 300 mg of albumin a
day.22 The value of acceptable albumin excretion lies between 2 and 30 mg per 24 hours.23
In addition, albuminuria can be measured by using an albumin-to-creatinine ratio on
a random (spot) urine sample. An albumin-to-creatinine ratio of 30 mg/g is considered
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clinically significant.24 Cystatin C, a cysteine proteinase inhibitor, is a very small protein
produced by all nucleated cells. It is freely filtered by the glomerulus and then metabolized
in the tubules. Normal kidney functioning is characterized by a steady cystatin C blood
level, whereas high levels of cystatin C indicate kidney dysfunction.25 Creatinine is a waste
product of creatine phosphate in muscles, and is relatively stable over time. An elevated
level of SCr (for men >1.2 mg/dL; for women 1.0 mg/dL) may indicate that the kidneys
are not working properly.7 However, SCr does not correlate linearly with eGFR and is a
relatively poor measure of renal function.19 Creatinine clearance (CCl) is the measurement
of the amount of creatinine excreted in the urine per unit of time (usually based on a 24hour urine collection).17

Data Synthesis and Analysis
Random effects meta-analysis was used to generate pooled odds ratios (OR) and their 95%
confidence intervals (CI). Tests were two-sided at an alpha-level of 0.05. Estimates from
crude as well as most fully-adjusted models available were used. Heterogeneity among
studies was assessed using the I2 statistic. Possible publication bias was assessed by funnel
plots and Egger’s test. Separate meta-analyses were only conducted for different levels of
eGFR and albuminuria. All analyses were done with Stata 13.1.

RESULTS
We identified 8,494 abstracts, of which 86 (1%) were included for full-text scrutiny. Of
these, 64 were excluded due to article type (e.g. review, editorial), study design (e.g. crosssectional study) or they were conference abstracts or duplicate records. We contacted
seventeen authors to obtain full-text articles that were not available to us. Of these, eleven
authors responded. The six unavailable full-text articles were patient-based studies,
conference abstracts or review articles. In addition, we contacted authors of twenty
studies for additional information that was not included in full-texts, and ten authors
responded. This resulted in 22 prospective population-based studies (see Figure 1). One
additional study was found from cross-references, but this study was excluded after fulltext screening. Quality assessment of 22 prospective studies was sufficient (mean NOS
score = 8.00, SD = 0.62, range = 7-9).
Renal dysfunction in the population-based studies was based on eGFR, albuminuria,
cystatin C, SCr and CCl. Cognitive functioning was most often defined as a decline in
cognition between two time points (e.g. change in Mini-Mental State Examination
(MMSE) scores). Other outcome measures such as cognitive impairment or dementia
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were diagnosed based on findings from neuropsychological examinations, clinical
evaluations, diagnostic criteria (e.g. Diagnostic and Statistical Manual of Mental Disorders,
fourth edition(DSM-IV)26) and review of medical records. If studies investigated dementia
subtypes, this was generally based on different criteria for Alzheimer’s disease (AD)
dementia (NINCDS-ADRDA criteria27) and vascular dementia (NINDS-AIREN criteria28). All
22 studies and their results are summarized in Table 1 and Appendix 2.

Records identified through database
searching
(n = 8,494)

Records after duplicates removed
(n = 8,013)

Records screened
(n = 8,013)

Full-text articles assessed for
eligibility
(n = 86)

Studies included in systematic
literature review
(n = 22)

Studies included in metaanalysis
(n = 11)

Figure 1. Flow diagram
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Records excluded
(n = 7,927)

Full-text articles excluded, with reasons (n = 64)
-

Other article type (n = 47)
Study did not report relevant outcome variables (n = 8)
Duplicate record (n = 4)
Conference abstract (n =3)
Topic paper beyond scope present study (n = 1)
Clinical cohort (n = 1)
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eGFR
Seventeen studies investigated the association between (change in) eGFR and cognitive
decline or risk of cognitive impairment/dementia. Ten studies focused on cognitive
decline, of which five found more decline in cognitive capacity with lower eGFR as
time progresses,29-33 and five studies found no effect.34-38 Two of these studies and one
additional study looked at the association between longitudinal changes in eGFR and
cognitive decline.34,35,39 One study found that faster eGFR decline was associated with
cognitive decline and incident dementia with a vascular component,35 one study reported
an association between declining eGFR and a decline in several cognitive domains,34 and
one study found that higher eGFR was associated with slower cognitive decline.39 Five
studies focused on cognitive impairment, of which one study found an increased risk,40
and four studies found no association.41-44 Three studies examined the relation between
eGFR and dementia risk, two studies found no association between eGFR and dementia
risk,35,45 while one study found an increased risk of all-cause dementia.46 Rather than eGFR
at baseline, age-related change in eGFR and type of dementia might play a role.
In the meta-analysis, a total of eight studies, representing 36,636 persons, could be
included.31,33,35,37,40,42,43,46 For this, four studies reporting both eGFR <45 mL/min/1.73 m2 and
eGFR 45-59 mL/min/1.73 m2 levels were pooled individually (within one study) in order to
be included in the eGFR <60 mL/min/1.73 m2 meta-analysis.35,40,42,43 eGFR <60 mL/min/1.73
m2 was not associated with risk of cognitive impairment or dementia (p = 0.063; see Figure
2). There were signs of heterogeneity based on the I2 statistic (I2 = 69.0%, p = 0.002). The
funnel plot of the adjusted estimates was broadly symmetrical (see Figure 1 of Appendix
3) and the Egger’s test (p = 0.105) was not significant, suggesting no signs of publication
bias. Exclusion of two relatively small influential studies (logarithm of standard error >0.4)
reduced heterogeneity modestly (OR = 1.13, 95%CI 0.91-1.40, p = 0.258; I2 = 58.8%, p =
0.033). Separate meta-analyses were conducted for eGFR <45 mL/min/1.73 m2 and eGFR
45-59 mL/min/1.73 m2. No significant associations were observed in these analyses (see
Appendix 4). It was not possible to perform a meta-analysis for eGFR 60-89 mL/min/1.73
m2 since there were only two studies.33,42 Overall, heterogeneity in outcomes across
studies was reduced in all analyses for adjusted estimates in comparison with unadjusted
estimates (e.g. eGFR <60 mL/min/1.73 m2: I2 = 69.0% versus I2 = 91.6%, respectively). See
Figure 1, 2, and 3 of Appendix 5 for the results of the unadjusted estimates.
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Study

%

ID

OR (95% CI)

Weight

Kurella (2005)

1.69 (0.94, 3.05)

10.34

Slinin (2008)

1.09 (0.88, 1.34)

19.72

Wang (2010)

2.73 (1.00, 7.56)

5.00

Helmer (2011)

0.79 (0.53, 1.16)

14.86

Kurella−Tamura (2011)

1.08 (0.91, 1.27)

20.70

Sasaki (2011)

5.30 (1.70, 16.20)

4.21

Feng (2012)

2.01 (1.26, 3.23)

12.86

Lipnicki (2013)

0.87 (0.53, 1.43)

12.32

1.28 (0.99, 1.65)

100.00

eGFR<60

.
Overall (I−squared = 69.0%, p = 0.002)
NOTE: Weights are from random effects analysis
.0617

1

16.2

Figure 2. Forest plot of population-based prospective studies assessing the relation between
eGFR <60 mL/min/1.73 m2 and cognitive impairment or dementia (fully-adjusted estimates)

Albuminuria
Seven studies reported on albuminuria, of which four found a faster rate of cognitive
decline,33,36,38,47 one study found an increased risk of cognitive impairment,42 and three
studies showed mixed results for incident dementia.35,45,47
In the meta-analysis, five studies, representing 27,805 persons, could be included.33,35,42,45,47
Based on the fully-adjusted estimates, albuminuria was associated with a 35% increased
risk of cognitive impairment or dementia (p = 0.015; see Figure 3). There was mild to
moderate heterogeneity (I2 = 38.2%). There were no signs of publication bias based on
visual inspection of the funnel plot (see Figure 2 of Appendix 3) and the Egger’s test (p
= 0.274). Four of these studies reported unadjusted estimates (see Figure 4 of Appendix
5). Heterogeneity in outcomes across studies was reduced for adjusted estimates in
comparison with unadjusted estimates (I2 = 38.2% versus I2 = 74.8%, respectively).
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Study

%

ID

OR (95% CI)

Weight

Wang (2010)

1.03 (0.67, 1.72)

18.14

Helmer (2011)

1.75 (0.82, 3.73)

8.76

Kurella−Tamura (2011)

1.57 (1.15, 2.14)

29.40

O’Hare (2012)

1.15 (0.91, 1.45)

37.14

Higuchi (2015)

2.66 (1.09, 6.53)

6.56

1.35 (1.06, 1.73)

100.00

Albuminuria

3

.
Overall (I−squared = 38.2%, p = 0.167)

NOTE: Weights are from random effects analysis
.153

1

6.53

Figure 3. Forest plot of population-based prospective studies assessing the relation between
albuminuria and cognitive impairment or dementia (fully-adjusted estimates)

Creatinine
Five studies reported on SCr, of which two found an increased risk of cognitive
impairment,40,41 one found an increased risk of dementia,48 one study found a faster rate of
cognitive decline,32 and one study found that an increase in SCr was associated with more
rapid cognitive decline.39 No meta-analysis could be conducted for this association due to
different methods of exposure and outcome formulations across studies.
Creatinine clearance
Three studies investigated the association between CCl and cognitive decline or cognitive
impairment. The Northern Manhattan Study in 2,172 community-dwelling participants
found that persons with a baseline CCl <60 ml/min showed significantly more decline
compared with individuals with a CCl >90 ml/min over the 2.9 years of follow-up.32 The
Health ABC Study in 2,406 elderly individuals found a significant association between
CCl (45-59 and < 45 ml/min per 1.73 m2) and cognitive impairment.40 The INVADE study
demonstrated a significant association between CCl < 45 ml/min per 1.73 m2 and cognitive
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impairment after 2 years of follow-up.41 No meta-analysis could be conducted because of
differences in exposure and outcome definitions between studies.
Cystatin C
Three studies focused on cystatin C and cognitive impairment or dementia. The Health
ABC Study found an increased risk of cognitive impairment among 3,030 older adults if
they had high levels of cystatin C.49 In contrast, in men aged 70 and 77 years from the
Uppsala Longitudinal Study of Adult Men high levels of serum cystatin C were associated
with a decreased risk of AD.50 The Study of Osteoporotic Fractures in 1,332 elderly women
found a U-shape association between cystatin C and cognitive impairment, but after
adjustment for covariates these associations were no longer significant.44 No valid metaanalysis could be conducted due to different methods of exposure (e.g. cut-offs, tertiles,
quartiles) and outcome formulations across studies.
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Sample, age,
follow-up

Rush Memory
and Aging
Project (N = 886);
mean age = 80.6;
mean FU = 3.4
years

Cardiovascular
Health Study (N =
3,907); mean age
> 72; mean FU =
5.3 years

Maine-Syracuse
Longitudinal
Study (N = 590);
mean age = 62.1;
FU = 5 years

Authors

Buchman et
al., 200929

Darsie et al.,
201430

Davey et al.,
201334

Factor analysis of
17 cognitive test
led to 5 cognitive
composite scores

3MS, DSST

Five cognitive
domains (episodic
memory, semantic
memory, working
memory, perceptual
speed, and
visuospatial abilities)
were based on 19
cognitive tests

Cognitive test/
diagnostic criteria

Baseline eGFR, change in eGFR
(> 3 ml per year)/ 4-variable
MDRD (other formulas for
sensitivity analyses/ ≤ 3 ml
per year

eGFRcys <60, eGFRcys 60-89.9/
CKD-EPI/ eGFRcys ≥ 90

CKD = eGFR < 60/ 4-variable
MDRD/ eGFR ≥ 60

Predictor/ methods of
assessment/ reference group

Age, sex, education, race,
systolic blood pressure,
diabetes, BMI, high density
lipoproteins, total cholesterol,
smoking, baseline cognitive
functioning, baseline renal
functioning

Age, sex, education, race,
smoking, BMI, diabetes,
hypertension, C-reactive
protein, APOE4 genotype,
depression, myocardial
infarction, stroke, congestive
heart failure, eGFRcys x year,

Age, sex, education, BMI,
hemoglobin, physical activity,
late-life social activity,
hypertension, diabetes,
smoking, myocardial
infarction, congestive heart
failure, claudication, stroke,
depression, baseline eGFR

Adjustment for confounders

No significant association
between baseline eGFR and
cognitive decline; change in
eGFR was associated with a
decreased global cognitive
performance, verbal episodic
memory and abstract
reasoning

eGFRcys <60 associated with
a 0.64 (0.51-0.77) points/year
faster decline in MMSE score
and a 0.42 (0.28-0.56) points/
year faster decline in DSST

Lower eGFR (estimate 0.0008,
SE <0.001, p = 0.017) or
impaired kidney function
(estimate -0.028, SE < 0.009,
p = 0.003) at baseline is
associated with a more rapid
rate of cognitive decline

Most important results

Table 1. Characteristics of population-based studies assessing the relation between (markers of ) renal dysfunction and cognitive impairment or
dementia
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Sample, age,
follow-up

Intervention
Project on
Cerebrovascular
Disease and
Dementia in
the Community
of Ebersberg
(INVADE) study
(N = 3,154); mean
age > 54 years;
mean FU = 784
days

Singapore
Longitudinal
Aging Study
(N = 1,186:
cognitive normal
subgroup), mean
age = 65.6; FU =
4 years

Authors

Etgen et al.,
200941

86

Feng et al.,
201231

MMSE (cognitive
decline: MMSE
score drop ≥ 2 from
baseline)

6CIT (cognitive
impairment: score
of >7)

Cognitive test/
diagnostic criteria

CKD = eGFR < 60/ 4-variable
MDRD/ eGFR ≥ 60

eGFR <45/ MDRD/ eGFR >60

SCr/ not described/ not
described

Mild CKD = CCl 45-59;
moderate-to-severe CKD = CCl
<45/ CG/ CCl ≥ 60

Predictor/ methods of
assessment/ reference group

Age, sex, race, education, time
since baseline, baseline MMSE
score, diabetes, hypertension,
cardiovascular disease or
stroke, other chronic illnesses,
depression, IADL disability,
smoking, drinking, physical
exercise, obesity, albumin
hemoglobin

Age, sex, baseline 6CIT,
depression, physical activity,
drinking, diabetes, history of
ischemic heart disease and/
or stroke, hyperlipidemia,
hypertension, smoking

Adjustment for confounders

Significant association
between CKD and cognitive
decline (OR = 2.01 (1.26-3.23))

No significant association
between eGFR <45 and
cognitive impairment : OR =
1.43 (0.61-3.32)

Significant association
between SCr and cognitive
impairment: OR = 1.67 (1.042.70)

Significant association
between moderate-tosevere CKD and cognitive
impairment: OR = 2.14 (1.183.87)

Most important results
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Sample, age,
follow-up

Three City Study
(N = 7,839), mean
age = 73.9; mean
FU = 5.8 years

Honolulu-Asia
Aging Study (N =
3,538); mean age
>77; FU = 8 years

Rancho Bernardo
Study (N = 759);
mean age = 74.9;
mean FU = 6.6
years

Authors

Helmer et al.,
201135

Higuchi et al.,
201547

Jassal et al.,
201036

MMSE, TMT-B,
Animals Naming
Category Fluency
test

CASI; diagnosis
of dementia
based on history,
neuropsychological
test battery and
neurological
examination;
etiology based on
several diagnostic
criteria

MMSE; diagnosis
of dementia based
neuropsychological
assessment and
neurological
examination;
etiology based on
several diagnostic
criteria

Cognitive test/
diagnostic criteria

Albuminuria = UACR ≥ 30
mg/g/ kinetic alkaline picrate
method/ UACR <30 mg/g

Moderate-to-severe CKD =
eGFR < 60/ MDRD/ eGFR ≥ 60,

Proteinuria/ urine dipstick/ no
proteinuria

Proteinuria = UACR > 30 mg
albumin/g creatinine/ fresh
urine samples/ ≤ 30 mg
albumin/g creatinine

eGFR 45-60, eGFR < 45/ CKDEPI/ eGFR ≥ 60

Predictor/ methods of
assessment/ reference group

Age, systolic blood pressure,
hemoglobin, education,
exercise, drinking, baseline
cognitive score, estrogen,
depression, antihypertensive,
lipid-lowering medication use,
eGFR

Age, education, APOE4
genotype, stroke,
hypertension, systolic blood
pressure, diabetes, fasting
blood glucose, physical activity
index, baseline CASI score,
time of FU

Age, sex, education,
center, APOE4 genotype,
hypertension, cardiovascular
disease, stroke,
hypercholesterolemia,
hypertriglyceridemia, diabetes,
smoking, BMI, baseline eGFR
(only for proteinuria and eGFR
decline analyses )

Adjustment for confounders

No significant associations
for eGFR; for men, baseline
albuminuria associated with
reduced cognitive function

Positive proteinuria: higher
annual change in CASI (-1.24, p
= 0.02); significant association
with all-cause dementia: RR =
2.66 (1.09-6.53); no significant
association with AD or VaD

Proteinuria was significantly
associated with dementia with
vascular component: RR = 8.26
(1.26-54.2)

No significant association
between low baseline eGFR
and incident dementia or
cognitive decline; significant
association for eGFR decline
over the first 4-year period
and dementia with vascular
component.

Most important results
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Sample, age,
follow-up

Northern
Manhattan Study
(N = 2,172); mean
age = 71.5; mean
FU = 2.9 years

Health, Aging,
and Body
Composition
Study (N = 2,406),
mean age = 74;
FU = 2 or 4 years

Reasons for
Geographic and
Racial Disparities
in Stroke Study
(N = 19,399);
mean age >62;
mean FU = 3.8
years

Authors

Khatri et al.,
200932

88

Kurella et al.,
200540

Kurella Tamura
et al., 201142

6-Item Screener
(cognitive
impairment score
≤ 4)

3MS (cognitive
impairment: 3MS
score < 80 or a
decline in 3MS > 5
points at FU)

TICS-m

Cognitive test/
diagnostic criteria

UACR categories (mg/g) 10-29,
30-299, ≥ 300/ BN ProSpec
Nephelometer/ UACR < 10

eGFR categories <45, 45-59,
60-89/ CKD-EPI/ eGFR ≥ 90

Gender-specific serum
creatinine cutoffs were also
measured

CCl categories: 45-59 and < 45/
CG/ CCl ≥ 60

eGFR categories: 45-59 and <
45/ MDRD/ eGFR ≥ 60

CCl < 60, CCl 60- 90/ CG/ CCl
> 90

eGFR < 60, eGFR 60- 90/
MDRD/ eGFR > 90

SCr/ kinetic Jaffe reaction/
continuous variable

Predictor/ methods of
assessment/ reference group

Age, sex, race, education,
region, diabetes, hypertension,
cardiovascular disease, stroke,
smoking, drinking, UACR, eGFR

Age, sex, race, education,
baseline 3MS score,
cardiovascular disease,
diabetes, blood pressure,
lipids, inflammatory markers,
hematocrit, stroke

Age, sex, race, education,
insurance status, hypertension,
diabetes, homocysteine,
drinking, smoking, cardiac
disease

Adjustment for confounders

Significant association
between cognitive impairment
and UACR 30-299 (OR = 1.31
(1.12-1.55)) and UACR ≥ 300
(OR = 1.57 (1.15-2.14))

No significant associations for
eGFR

Significant association
between cognitive impairment
and CCl 45-59 (OR = 1.44 (1.171.78)) and CCl < 45 (OR = 2.03
(1.46-2.83))

Significant association
between cognitive impairment
and eGFR 45-59 (OR = 1.32
(1.03-1.69)) and eGFR < 45 (OR
= 2.43 (1.38-4.29))

Relative to the reference
group, participants with CKD
(all measures) had lower
cognitive scores over time

Most important results
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Sample, age,
follow-up

Sydney Memory
and Ageing
Study (N = 889),
mean age =
78.59; mean FU
= 23 months, 12
days)

Adult Changes
in Thought (N =
2,968); mean age
= 74;median FU =
6 years

Nurses’ Health
Study (N = 1,764);
median age = 74;
FU = 4 or 6 years

Osaki-Tajiri
project (N = 256);
mean age > 72;
FU = 5 years

Authors

Lipnicki et al.,
201337

O’Hare et al.,
201245

Sajjad et al.,
201238

Sasaki et al.,
201146

Dementia diagnosis
was based on several
diagnostic criteria:
DSM-IV, NINCDSADRDA, NINDSAIREN

Four primary
outcome measures
(global cognition,
verbal memory,
verbal fluency, TICs
score) were based on
a neuropsychological
test battery

Dementia diagnosis
based on CASI,
neuropsychological
test battery, clinical
evaluations

Four cognitive
domains (attention/
processing speed,
memory, language,
executive function)
were based on a
neuropsychological
test battery

Cognitive test/
diagnostic criteria

CKD = eGFR < 60 or presence
of kidney impairment (e.g.
albuminuria)/ not described/
eGFR ≥ 60

UACR ≥ 5 mg/g/ immunoassay
(urine albumin), Yaffe method
(urine creatinine)/ < 5 mg/g

eGFR < 60/ CKD-EPI (results
also available for other
formulas)/ eGFR ≥ 60

eGFR trajectory and eGFR
variability analyses were also
conducted

Proteinuria/ not described/ no
proteinuria

Average eGFR/ CKD-EPI/ eGFR
= 60

eGFR <60/ MDRD (with 175 as
first coefficient/ eGFR ≥60

Kidney disease /not described/
no kidney disease

Predictor/ methods of
assessment/ reference group

Age, sex, education,
hypertension, diabetes,
dyslipidemia, ischemic heart
disease, anemia

Age, education hypertension,
BMI, diabetes, smoking
cardiovascular disease,
drinking, physical activity,
hypercholesterolemia, spouse’s
education, postmenopausal
hormone use

Age, sex, race, study cohort,
age at enrollment, depression,
diabetes, hypertension,
congestive heart failure
or other heart disease,
cerebrovascular disease, selfrated health

Age, sex (significant main
effect factors, age and sex
interaction)

Adjustment for confounders

Significant association
between CKD and conversion
to dementia (OR = 5.3 (1.716.2))

For UACR ≥ 5 mean annual
decline in global cognition =
-0.003 (-0.05 to -0.01)

No significant associations for
eGFR

Positive proteinuria: no
statistically significant
association between
proteinuria and all-cause
dementia (HR = 1.15 (0.911.45))

No significant associations for
eGFR

Non-significant association
between eGFR <60 and
incident MCI or dementia
(decline) (OR = 0.871 (0.531.43))a

Kidney disease was associated
with less memory decline
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Sample, age,
follow-up

Cardiovascular
Health Cognition
Study (N = 3,349);
mean age >74;
median FU = 6
years

Baltimore
Longitudinal
Study of Aging
(N = 2,116); mean
age = 53.9; mean
FU = 7.7 years

Osteoporotic
Fractures in Men
Study (N = 3,722);
mean age = 73.6;
mean FU = 4.6
years

Authors

Seliger et al.,
200448
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Seliger et al.,
201539

Slinin et al.,
200843

3MS (incident
cognitive
impairment < 80
or decline in 3MS
≥ 5 points at next
examination), TMT-B
(incident cognitive
impairment ≥1SD
above mean change)

BVRT, BNT, CVLT
(learning slope, free
recall (short and long
delay)), DST (forward,
backward), category
and letter fluency,
TMT (part A, part B)

Dementia
diagnosis based on
neuropsychological
test battery,
clinical evaluation
(similar to DSM-IV
criteria); subtypes of
dementia based on
MRI findings

Cognitive test/
diagnostic criteria

Moderate CKD = eGFR <45/
MDRD/ eGFR ≥60

Mild CKD = eGFR 45-59/
MDRD/ eGFR ≥60

Change in eGFR/ 4-variable
MDRD/ continuous variable

Change in 1/ SCr/ not
described/continuous variable

Primary predictor was 1/SCr

Moderate renal impairment
= SCr ≥ 1.3 mg/dL in women,
≥ 1.5 mg/dL in men/ not
described/ < 1.3 mg/DL in
women, < 1.5 mg/DL in men

Predictor/ methods of
assessment/ reference group

Age, race, education, health
status, IADL, drinking,
diabetes, hypertension, stroke,
cardiovascular disease, BMI,
peripheral arterial disease,
time to complete TMT-B at
baseline, baseline 3MS score

Age, sex, education, mean
arterial pressure, hemoglobin,
smoking, co-morbidity score,
NSAID use, and use of aspirin

Age, sex, education, race, body
weight, coronary heart disease,
diabetes, hypertension,
smoking, APOE4 genotype

Adjustment for confounders

No significant associations for
eGFR on both tests

Higher eGFR was associated
with slower cognitive decline

Increased SCr was associated
with more rapid decline in
verbal learning and visual
memory.

Significant association
between elevated SCr and
dementia risk (OR = 1.37 (1.061.78))
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Sample, age,
follow-up

Study of
Osteoporotic
Fractures (N =
1,332); mean age
= 77.7; mean FU
= 9.8 years

Uppsala
Longitudinal
Study of Adult
Men (N = 1,153
(age 70)/ N = 761
(age 77); mean
age = 70/77;
median FU = 11.3
years (age 70)/
5.3 years (age 77)

Sample of
communitybased Chinese
population (N =
1,243); mean age
58.8; FU = 4 years

Authors

Slinin et al.,
201544

Sundelöf et al.,
200850

Wang et al.,
201033

Cognitive decline
was defined as ≥ 2
MMSE points at FU

Dementia diagnosis
was based on
cognitive screening
(MMSE) and
clinical evaluations
(subtypes according
to DSM-IV and
NINCDS-ADRDA
criteria)

Cognitive
impairment (new
onset of MCI
or dementia)
was based on a
screening phase (e.g.
neuropsychological
test battery) and
diagnostic phase
(e.g. panel of clinical
experts, diagnostic
criteria)

Cognitive test/
diagnostic criteria

UACR ≥ 25 mg/g for females,
UACR ≥ 17 mg/g for males/
immunoturbidimetic
methods/ not described

eGFR 30-59, eGFR 60-89/
modified MDRD equation
based on data from Chinese
CKD patients/ eGFR ≥ 90

Cystatin C in µmol/L (lowest
and middle tertile)/ N Latex
cystatin C/ highest tertile

eGFRCr+cys quartile 1: 23.5-61.8.
quartile 4: 81.2-116.4/ CKDEPI/ quartiles 2-3: 61.9-81.1

eGFRcys quartile 1: 21.8-55.5.
quartile 4: 76.1-109.4/ CKDEPI/ quartiles 2-3: 55.6-76.0

eGFRCr quartile 1: 21.6-66.4.
quartile 4: 86.1-115.1/ CKDEPI/ quartiles 2-3: 66.5-86.0

Cystatin C quartile 1: 0.61-0.91,
quartile 4: 1.15-2.37 mg/L/ N
Latex Cystatin C/ quartiles 2-3:
0.92-1.14 mg/L

Predictor/ methods of
assessment/ reference group

Age, sex, education, BMI,
systolic blood pressure,
diabetes, UACR (only for eGFR
analysis)

Age, education, APOE4
genotype, diabetes,
hypertension, stroke, serum
cholesterol, BMI, smoking,
amyloid-β protein 40 and 42

Age, race, education, selfreported health status, GDS,
IADL, smoking, alcohol
intake, BMI, history of
coronary vascular disease,
history of diabetes, history of
hypertension, and history of
stroke.

Adjustment for confounders

Non-significant association
between eGFR 60-89 and
cognitive decline (OR = 1.35
(0.69-2.65))

Significant association
between cognitive decline and
eGFR 30-59 (OR = 2.73 (1.007.56)) and albuminuria (OR =
1.03 (0.67-1.72))

Significant association
between cystatin C (lowest
tertile and risk of AD at age 70
(HR = 2.67 (1.22-5.83)) and age
77 (HR = 2.83 (1.03-7.74))

Both lower and higher
eGFRCr+cys were associated with
an increased risk of cognitive
impairment, although only
the highest quartile was still
associated after multivariable
adjustment.

Significant association
between cystatin C (quartile
1 and 4) and cognitive
impairment, but not in the
fully adjusted model.

Most important results
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Health, Aging,
and Body
Composition
Study (N = 3,030);
mean age >73;
FU = 7 years

Yaffe et al.,
200849

3MS, DSST (cognitive
impairment was
defined as decline in
score of ≥ 1 SD at FU

Cognitive test/
diagnostic criteria

High cystatin C ( > 1.25
mg/L)/ N Latex Cystatin C/ low
cystatin C (0-1.00 mg/L)

Intermediate cystatin C (1.01.25 mg/L)/ N Latex Cystatin C/
low cystatin C (0-1.00 mg/L)

Predictor/ methods of
assessment/ reference group
Age, sex, race, education,
BMI, C-reactive protein,
hypertension, diabetes, stroke

Adjustment for confounders

High cystatin C ( > 1.25 mg/L)
3MS: OR = 1.92 (1.37-2.69)
DSST: OR = 1.54 (1.10-2.15)

Intermediate cystatin C (1.01.25 mg/L):
3MS: OR = 1.25 (0.98-1.61)
DSST: OR = 1.18 (0.93-1.50);

Significant associations
between intermediate and
high levels of cystatin C for
both cognitive tests

Most important results

Abbreviations: 3MS - modified Mini-Mental Sate Examination; 6CIT - 6 Item Cognitive Impairment Test; AD - Alzheimer’s disease; APOE - apolipoprotein E; BCG - bromcresol green;
BMI - body mass index; BN - Behring Nephelometer; BNT - Boston Naming Test; BVRT - Benton Visual Retention Test; CASI - Cognitive Abilities Screening Instrument; CCl - creatinine
clearance; CDR - Clinical Dementia Rating; CG - Cockcroft-Gault equation; CKD - chronic kidney disease; CKD-EPI - CKD Epidemiology Collaboration equation; CVLT - California Verbal
Learning Test; DSM-IV - Diagnostic and Statistical Manual of Mental Disorders (fourth edition); DSST -Digit Symbol Substitution Test; DST - Digit Span Test; EBMT - East Boston Memory
Test; eGFR - estimated glomerular filtration rate; eGFRCr - eGFR based on creatinine; eGFRCr+cys - eGFR based on creatinine and cystatin C; eGFRcys - eGFR based on cystatin C; FU - follow-up;
GDS - Geriatric Depression Scale; HR - hazard ratio; IADL - instrumental activity of daily living; MCI - Mild Cognitive Impairment; MDRD - Modification of Diet in Renal Disease formula;
MMSE - Mini-Mental State Examination; MRI - Magnetic Resonance Imaging; NINCDS-ADRDA - National Institute of Neurological and Communicative Disorders and Strokes—Alzheimer’s
Disease and Related Disorders Association criteria; NINDS-AIREN - National Institute of Neurological Disorders and Strokes—Association International pour la Recherché l’enseignement
en Neurosciences criteria; N Latex Cystatin C - particle-enhanced immunonepholometric assay; NSAID - non-steroidal anti-inflammatory drugs; OR - odds ratio; RR - relative risk; SCr serum creatinine; SD - standard deviation; SE - standard error; TICS-m - modified Telephonic Interview for Cognitive Status; TMT - Trail-Making Test; UACR - urine albumin-creatinine ratio;
VaD - vascular dementia.
a
Odds ratios obtained after contact with the corresponding author.

Sample, age,
follow-up

Authors
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DISCUSSION
This systematic review and meta-analysis suggested that individuals with albuminuria
have, on average, a 35% increased risk of cognitive impairment or dementia. Separate
meta-analyses for different levels of eGFR yielded non-significant results, possibly due to
substantial heterogeneity among studies. The literature on eGFR is mixed in general, with
studies showing a positive or no association between low levels of eGFR with cognitive
decline or dementia risk. For SCr, tentative evidence suggests an association between
elevated SCr levels with faster cognitive decline and higher risk for dementia, but too few
high-quality studies exist for meta-analysis. In contrast, the review on cystatin C yielded
only three studies with different methodology and contradictory results.
The substantial heterogeneity observed in the meta-analyses of eGFR might be due to
several methodological issues such as (1) the difference in formulas used to measure
kidney function (e.g. Modification of Diet in Renal Disease formula (MDRD), Chronic
Kidney Disease Epidemiology Collaboration equation (CKD-EPI)); (2) the variation in study
population (e.g. gender specific, age-range, concurrent medication); (3) the inclusion of
possible confounders (e.g. including a few (sociocultural demographics) or the choice of
covariates (exercise, depression, genotype); and (4) the assessment of cognitive functioning
(e.g. generic screening (MMSE), multi-domain test battery, dementia diagnosis).2,9
The exact mechanisms relating renal dysfunction to dementia are not fully understood,
but may include shared risk factors of which some are better documented than others.9
Traditional risk factors include cardiovascular disease (e.g. myocardial infarction,
atrial fibrillation), stroke, type-2 diabetes mellitus, isolated systolic hypertension,
age, smoking and hypercholesterolemia.9,51 Other factors include anemia, albumin,
and hyperhomocysteinemia, whereas inflammation, oxidative stress, cerebral small
vessel disease, silent brain infarcts, microbleeds, and white matter lesions are possible
underlying mechanisms leading to cognitive impairment or dementia.2,9 It seems not
surprising that the prevalence of the abovementioned risk factors is higher in CKD
patients than in the general population.2,3,6-8 On the other hand, CKD also appears to be a
risk factor for cardiovascular or cerebrovascular diseases. For instance, persons with renal
insufficiency have an increased risk of stroke or carotid atherosclerosis.52,53 In addition, a
recent magnetic resonance imaging study found that renal dysfunction was associated
with poor cognitive performance and volume deficits in the brain’s white matter.7 A
recent longitudinal study in 600 patients with vascular risk factors found that CKD related
to all-cause dementia independent from vascular risk factors and baseline cerebral small
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vessel disease.54 These findings suggest that vascular damage is not the only possible
explanation of the association.
Unfortunately, we were not able to pool enough studies that reported on cystatin C. A
growing body of evidence demonstrated the involvement of cystatin C in neuroprotective
processes in the brain, including its colocalization with amyloid-β (Aβ) in parenchymal
and vascular amyloid deposits, and the inhibition of Aβ aggregation and deposition by
binding to the amyloid precursor protein or the Aβ40 and Aβ42 peptides.55 In addition,
the Icelandic form of the hereditary cystatin C amyloid angiopathy is caused by a mutation
in the cystatin C gene and is characterized by low levels of serum and cerebral spinal fluid
(CSF) cystatin C, intracerebral hemorrhages, stroke, dementia and death before the age of
40 years.56 The study of Yaffe et al. found that individuals with high levels of serum cystatin
C had a 92% increased risk of developing cognitive impairment over 7 years of followup.49 This is in line with results from the Cardiovascular Health Study Cognition Study,
which found that high serum levels of cystatin C were associated with poorer cognitive
performance six years later, greater prevalence of brain infarcts, more white matter lesions
and lower grey matter volume. However, this study only measured cognition at a single
time point.57
In contrast, the study of Sundelöf et al. indicated that lower serum levels of cystatin C
were associated with increased odds of AD.50 A recent study demonstrated the presence
of low CSF levels of cystatin C in patients with AD in comparison with healthy controls.58
Although serum levels of cystatin C are presumably more related to renal dysfunction
and CSF levels of cystatin C more to AD pathology, it is difficult to establish a one-to-one
relationship due to intercorrelations.
On the other hand, it is also possible that a direct neuronal toxicity of the uremic state
is involved.9 Concentrations of uremic toxins in brain areas related to cognition (e.g.
thalamus, cerebral cortex) are about ten times higher in CKD patient than in healthy
subjects.59 The aforementioned association with cystatin C might also support the idea
of a direct neural toxic effect.60 Yet, it is important to note that the pathways linking CKD
and dementia are not mutually exclusive but might work additive or even synergistically.
Clearly, more studies into plausible underlying pathways are needed.
The present results for various eGFR levels differ substantially from the findings of a
previous meta-analysis by Etgen et al.16 This inconsistency in findings can be explained by
the fact that we only included the most rigorously adjusted model for each study in our
analysis of fully-adjusted estimates, while some of the risk estimates reported by Etgen
and colleagues were based on crude data,35,41 including the large study by Helmer et al.,
which found almost a significant protective effect of eGFR.
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Our study has a number of strengths. By using large population-based studies with
prospective designs including long follow-up periods and adjustment for a large number
of known confounders, our study adds to the growing evidence that renal dysfunction is
an independent risk factor for cognitive impairment or dementia. A number of limitations
in this study must also be mentioned. First, most of the included studies used different
methods for estimating renal function (e.g. formulas, equations or gender specific cutoffs), probably increasing heterogeneity among studies. In addition, most studies assessed
kidney function only once, usually at study entry. Yet, renal function is complex and dynamic
(e.g. day-to-day variability) and cannot be fully captured at one point in time, potentially
leading to exposure misclassification. Since such misclassification is likely non-differential
(i.e. independent from dementia outcome), this might have diluted stronger associations
in the population. Future studies should use multiple baselines. In addition, it would be
informative to study longitudinal changes in renal functioning in relation to changes in
cognitive performance to learn how trajectories correlate over time. Unfortunately, we
could identify only three prospective studies that reported on longitudinal measures
of renal function, but due to the differences in applied methodology (e.g. annual eGFR
decline, change in logged eGFR) we were unable to pool these results.34,35,39 Second,
studies adjusted for different sets of possible confounders (all adjusted minimally for
age, gender and education). For instance, some studies reporting on non-eGFR markers
adjusted for eGFR levels while others did not. However, adjusting for eGFR levels had
virtually no effect on risk estimates within individual studies. Third, we were unable
to include six studies (30% of the total included studies) that incorporated markers of
renal function as continuous variables in the meta-analyses because of the differences in
scaling exposure (e.g. per 0.1 mg/dL increase, decrease of one standard deviation), and
outcomes (e.g. beta-coefficients, change per unit increase), next to diversity in cognitive
domains tested (e.g. MMSE, Trail-Making Test B). Fourth, various measures were used
across studies to operationalize the dichotomous cognitive impairment or dementia
outcomes (e.g. MMSE cut-offs, diagnostic criteria). Fifth, although we used fully-adjusted
models it is possible that the association is influenced by residual confounding. Sixth, we
did not contact authors to conduct additional analyses (e.g. to provide results for specific
cut-offs of markers of renal dysfunction not provided in the original manuscript). While
this could have increased the number of studies for pooling of data, using only reported
estimates increases transparency. Finally, both renal function and cognition may decline
with age, making it very hard to separate the effects of aging from a direct effect of renal
function on cognition.
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In sum, albuminuria was associated with a modestly increased risk of cognitive impairment
or dementia. Results for different levels of eGFR were non-significant, probably due to
heterogeneity across studies. More research is needed to examine whether the association
with albuminuria is causal or due to shared mechanisms, and to establish the underlying
pathophysiology.
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SUPPLEMENTAL DATA
APPENDIX 1: Search term used in three databases
1. (renal or kidney or microalbumi* albumi* or creatinine or cystatin).af.
2. (dementia or Alzheim* or cognitive impair* or cognitive decline).af
3. 1 AND 2
4. 3 limited to ((Dutch or English or French or German) and humans)

3

Search done on 1st August 2016 (all literature until then).

APPENDIX 2: Overview of population-based studies assessing the relation
between (markers of) renal dysfunction and cognitive impairment or
dementia
Authors

Predictor

Outcome

Included in metaanalysis? (If yes, which
meta-analysis? If no,
reason of exclusion?)

Buchman et al., 200929

eGFR

Cognitive decline

No, only continuous
outcome measures

Darsie et al., 201430

eGFRcys

Cognitive decline

No, only continuous
outcome measures

Davey et al., 201334

eGFR, change in eGFR

Cognitive decline

No, only continuous
outcome measures

Etgen et al., 200941

CCl, SCr, eGFR

Cognitive impairment

Yes, eGFR meta-analysis

Feng et al., 201231

eGFR

Cognitive decline

Yes, eGFR meta-analysis

eGFR, annual eGFR
decline, albuminuria

Dementia (all-cause, AD, Yes, eGFR and
VaD), cognitive decline
albuminuria metaanalyses

Higuchi et al., 201547

Albuminuria

Cognitive decline,
dementia (all-cause,
AD, VaD)

Yes, albuminuria metaanalysis

Jassal et al., 201036

eGFR, albuminuria

Cognitive decline

No, only continuous
outcome measures

Khatri et al., 200932

SCr, eGFR, CCl

Cognitive decline

No, only continuous
outcome measures

Kurella et al., 200540

eGFR, CCL, SCr

Cognitive impairment

Yes, eGFR meta-analysis

Kurella Tamura et al., 201142

eGFR, albuminuria

Cognitive impairment

Yes, eGFR and
albuminuria metaanalyses

Lipnicki et al., 201337

eGFR

Cognitive decline

Yes, eGFR meta-analysis

Helmer et al., 2011

35
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Authors

Predictor

Outcome

Included in metaanalysis? (If yes, which
meta-analysis? If no,
reason of exclusion?)

O’Hare et al., 201245

Average eGFR,
eGFR trajectory and
variability, albuminuria

Dementia (all-cause,
AD)

Yes, albuminuria metaanalysis

Sajjad et al., 201238

eGFR, albuminuria

Cognitive decline

No, only continuous
outcome measures

Sasaki et al., 201146

eGFR

Dementia (all-cause)

Yes, eGFR meta-analysis

Seliger et al., 2004

SCr

Dementia (all-cause,
AD, VaD)

No, too few studies on
SCr in order to pool data

Seliger et al., 201539

Change in SCr, change
in eGFR

Cognitive decline

No, only continuous
outcome measures

Slinin et al., 200843

eGFR

Cognitive impairment

Yes, eGFR meta-analysis

Slinin et al., 201544

Cystatin C, eGFRCr,
eGFRcys, eGFRCr+cys

Cognitive impairment

No, too few studies on
cystatin C in order to
pool data and different
methodology (quartiles)
regarding eGFR

Sundelöf et al., 200850

Cystatin C

Dementia (AD)

No, too few studies on
cystatin C in order to
pool data

Wang et al., 201033

eGFR, albuminuria

Cognitive decline

Yes, eGFR and
albuminuria metaanalyses

Yaffe et al., 200849

Cystatin C

Cognitive impairment

No, too few studies on
cystatin C in order to
pool data

48

Abbreviations: AD - Alzheimer’s disease; CCl - creatinine clearance; eGFR - estimated glomerular filtration rate; eGFRcys - eGFR
based on cystatin C; eGFRCr - eGFR based on creatinine; eGFRCr+cys - eGFR based on creatinine and cystatin C; SCr - serum
creatinine; VaD - vascular dementia.
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APPENDIX 3: Funnel plots

Standard error of adjusted odds ratio
.4
.2

0

Funnel plot with pseudo 95% confidence limits
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1
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Adjusted odds ratio
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Figure 1. Funnel plot of eGFR <60 mL/min/1.73 m2 studies included in the meta-analysis showing
the effect estimates by their standard errors (fully-adjusted estimates)
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Standard error of adjusted odds ratio
.4
.3
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Figure 2. Funnel plot of albuminuria studies included in the meta-analysis showing the effect
estimates by their standard errors (fully-adjusted estimates)
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APPENDIX 4: Forest plots of eGFR <45 and eGFR 45-59 mL/min/1.73 m2

Study

%

ID

OR (95% CI)

Weight

Kurella (2005)

2.43 (1.38, 4.29)

19.35

Slinin (2008)

1.18 (0.75, 1.85)

22.64

Etgen (2009)

1.43 (0.61, 3.32)

13.01

Helmer (2011)

0.57 (0.30, 1.08)

17.45

Kurella-Tamura (2011)

1.05 (0.79, 1.39)

27.55

1.19 (0.80, 1.76)

100.00

eGFR<45

.
Overall (I-squared = 66.6%, p = 0.018)

NOTE: Weights are from random effects analysis
.233

1

4.29

Figure 1. Forest plot of population-based prospective studies assessing the relation between
eGFR <45 mL/min/1.73 m2 and cognitive impairment or dementia (fully-adjusted estimates)

%

Study
OR (95% CI)

Weight

Kurella (2005)

1.32 (1.03, 1.69)

23.86

Slinin (2008)

1.06 (0.84, 1.35)

25.26

Helmer (2011)

0.89 (0.68, 1.16)

21.50

Kurella-Tamura (2011)

1.09 (0.88, 1.34)

29.38

1.08 (0.94, 1.26)

100.00

ID

eGFR 45-59

.
Overall (I-squared = 34.2%, p = 0.207)

NOTE: Weights are from random effects analysis
.592

1

1.69

Figure 2. Forest plot of population-based prospective studies assessing the relation between
eGFR 45-59 mL/min/1.73 m2 and cognitive impairment or dementia (fully-adjusted estimates)
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APPENDIX 5: Forest plots of unadjusted estimates
Study

%

ID

OR (95% CI)

Weight

eGFR<60
Kurella (2005)

1.65 (0.75, 3.63)

10.26

Slinin (2008)

1.35 (1.06, 1.72)

14.98

Wang (2010)

5.41 (2.11, 13.80)

8.94

Helmer (2011)

0.83 (0.65, 1.05)

15.01

Kurella-Tamura (2011)

2.50 (2.16, 2.89)

15.45

Sasaki (2011)

4.66 (1.72, 12.66)

8.45

Feng (2012)

2.33 (1.54, 3.55)

13.68

Lipnicki (2013)

0.95 (0.59, 1.52)

13.22

1.82 (1.19, 2.79)

100.00

3

.
Overall (I-squared = 91.6%, p = 0.000)
NOTE: Weights are from random effects analysis
.0725

1

13.8

Figure 1. Forest plot of population-based prospective studies assessing the relation between
eGFR <60 mL/min/1.73 m2 and cognitive impairment or dementia (unadjusted estimates)

%

Study
OR (95% CI)

Weight

Kurella (2005)

2.55 (1.57, 4.16)

24.32

Slinin (2008)

1.65 (1.07, 2.53)

25.34

Helmer (2011)

0.63 (0.35, 1.16)

22.25

Kurella-Tamura (2011)

2.74 (2.13, 3.51)

28.09

1.71 (0.97, 3.00)

100.00

ID

eGFR<45

.
Overall (I-squared = 86.2%, p = 0.000)

NOTE: Weights are from random effects analysis
.24

1

4.16

Figure 2. Forest plot of population-based prospective studies assessing the relation between
eGFR <45 mL/min/1.73 m2 and cognitive impairment or dementia (unadjusted estimates)
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Study

%

ID

OR (95% CI)

Weight

Kurella (2005)

1.14 (0.92, 1.41)

25.10

Slinin (2008)

1.25 (1.00, 1.57)

24.93

Helmer (2011)

0.87 (0.67, 1.12)

24.46

Kurella-Tamura (2011)

2.38 (1.98, 2.85)

25.50

1.32 (0.85, 2.05)

100.00

eGFR 45-59

.
Overall (I-squared = 94.0%, p = 0.000)

NOTE: Weights are from random effects analysis
.351

1

2.85

Figure 3. Forest plot of population-based prospective studies assessing the relation between
eGFR 45-59 mL/min/1.73 m2 and cognitive impairment or dementia (unadjusted estimates)
Study

%

ID

OR (95% CI)

Weight

Wang (2010)

1.13 (0.72, 1.51)

29.87

Helmer (2011)

1.77 (0.86, 3.64)

19.91

Kurella-Tamura (2011)

2.49 (1.89, 3.29)

32.42

Higuchi (2015)

2.64 (1.17, 5.92)

17.80

1.86 (1.15, 3.00)

100.00

Albuminuria

.
Overall (I-squared = 74.8%, p = 0.008)

NOTE: Weights are from random effects analysis
.169

1

5.92

Figure 4. Forest plot of population-based prospective studies assessing the relation between
albuminuria and cognitive impairment or dementia (unadjusted estimates)
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ABSTRACT
Background: Accumulating evidence suggests an association between coronary heart
disease and risk for cognitive impairment or dementia, but no study has systematically
reviewed this association. To summarize the available evidence on the association
between coronary heart disease and risk for cognitive impairment or dementia.
Methods: Medline, Embase, PsycINFO, and CINAHL were searched for all publications until
8th January 2016. Articles were included if the fulfilled the inclusion criteria: (1) myocardial
infarction, angina pectoris or coronary heart disease (combination of both) as predictor
variable; (2) cognition, cognitive impairment or dementia as outcome; (3) populationbased study; (4) prospective (≥1 year follow-up), cross-sectional or case-control study
design; (5) ≥100 participants; and (6) aged ≥45 years. Two reviewers independently
screened all abstracts and extracted information from potential relevant full-text articles.
We pooled estimates from the most fully adjusted model using random-effects metaanalysis.
Results: We identified 6,132 abstracts, of which 24 studies were included. A meta-analysis
of 10 prospective cohort studies showed that coronary heart disease was associated
with increased risk of cognitive impairment or dementia (OR = 1.45, 95%CI = 1.21-1.74,
p<0.001). Between-study heterogeneity was low (I2 = 25.7%, 95%CI = 0-64, p = 0.207).
Similar significant associations were found in separate meta-analyses of prospective
cohort studies for the individual predictors (myocardial infarction, angina pectoris). In
contrast, meta-analyses of cross-sectional and case-control studies were inconclusive.
Conclusion: This meta-analysis suggests that coronary heart disease is prospectively
associated with increased odds of developing cognitive impairment or dementia. Given
the projected worldwide increase in the number of people affected by coronary heart
disease and dementia, insight into causal mechanisms or common pathways underlying
the heart-brain connection is needed.
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INTRODUCTION
Coronary heart disease (CHD) is the leading cause of death worldwide 1. An estimated
7.4 million people died from CHD in 2012.2 CHD is a broad disease category and consists
of several conditions with myocardial infarction (MI) and angina pectoris (AP) being the
most prevalent ones. CHD affects the vascular system supplying the heart muscle due to
build-up of atheromatous plaques that cover the lining of the coronary arteries.3
At the same time, dementia is an important health problem due to increasing incidence
rates and its impact on health and daily life.4 Major modifiable risk factors for cognitive
impairment and dementia relate to or impact the vascular system including hypertension,
smoking, obesity, diabetes, hypercholesterolemia and lack of physical exercise.5,6
Notably, these factors are also risk factors for CHD.7 While CHD is a candidate risk factor
for dementia or cognitive impairment, the evidence base has not been established to
a similar extent, yet.8 In a recent systematic review of the literature on modifiable risk
factors, several studies on heart disease were identified, of which the majority reported a
higher risk for cognitive impairment or dementia.8 Some other types of heart disease have
been related to cognitive decline or dementia risk, too, with most substantial evidence for
atrial fibrillation.9-11 A meta-analysis of 7 prospective studies found that individuals with
atrial fibrillation had a 36 percent increased risk of developing cognitive impairment or
dementia.9 To date, no meta-analysis exists for major heart diseases such as MI and AP.
Therefore, the aim of the present study is to summarize the outcome of all available
population-based studies investigating the relation between CHD, notably MI, and AP,
and risk for cognitive impairment or dementia in a systematic review and meta-analysis.

METHODS
Data Sources and Searches
The literature search was conducted in Medline, Embase, PsycINFO, and CINAHL. The
search string consisted of predictor-related terms (e.g. myocardial infarction, angina
pectoris), outcome-related terms (e.g. dementia, Alzheimer, cognition), as well as some
specific limitations (e.g. only studies in human, language restrictions). The complete
search strategy is provided in Appendix 1.

Study Selection
All publications until 8th January 2016 were included if they fulfilled the following eligibility
criteria: 1) MI, AP, or a CHD variable that is a combination of MI and AP (e.g. ischemic heart
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disease (IHD)) as predictor variable; 2) cognition, cognitive impairment or dementia as
outcome; 3) population-based study; 4) prospective (≥1 year follow-up), cross-sectional or
case-control study design; 5) ≥100 participants; and 6) aged ≥45 years. Reference lists of
publications and secondary literature (review articles, editorials, book chapters, etc.) were
hand-searched for possible missing articles.

Data Extraction and Quality Assessment
The selection process followed the PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) and MOOSE (Meta-analysis Of Observational Studies in
Epidemiology) guidelines.12,13 Titles and abstracts were screened by two independent
assessors (KD, MFR) based on the abovementioned eligibility criteria. Next, full text articles
of potentially relevant citations were scrutinized by two independent investigators (KD,
MFR). A standardized data collection form was used to extract information such as study
design, study cohort, demographics, predictor variable, outcome, and effect estimate.
In case of discrepancy, discussion with a third reviewer (SK) took place. Corresponding
authors were contacted by e-mail if full-text articles were not available or information
was missing (e.g. effect estimates, sample sizes, definition of CHD) or ambiguous (with
maximum three reminders in case of non-response). The Newcastle-Ottawa Scale (NOS)
was used to asses study quality.14 For cross-sectional studies, an adapted version of the
NOS was applied (see Appendix 2).

Data Synthesis and Analysis
Studies qualifying for pooling in meta-analyses were analyzed with random effects
models to estimate the pooled odds ratios (OR) and their 95% confidence intervals (CI).
Estimates from the most fully adjusted model were used. Meta-analyses were conducted
for each exposure separately, i.e. for MI, AP, and CHD. The latter includes all studies that
report a risk estimate for MI, AP or a combination of MI and AP. In case a study reports
risk estimates for multiple exposures the combination estimate (first choice) or the effect
estimate with the smallest standard error (i.e. largest sample size; second choice) was
chosen. Studies with overlapping study populations were only included if they used other
study designs (e.g. cross-sectional and prospective). Heterogeneity among studies was
assessed using the I2 statistic and the 95% CI for I2 was calculated using the non-central
χ2 approach. Potential sources of heterogeneity (including mean age at baseline, mean
follow-up duration, percentage of women, outcome measurement and study quality)
were explored by meta-regression. The 95% prediction interval was estimated for each
meta-analysis including at least 3 observational studies. This measure takes into account
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the between-study heterogeneity and provides an interval for the expected estimate of
a future observational study and has been recommended to be standardly included in
meta-analysis.15 Potential publication bias (i.e. small study effects) was assessed by visual
inspection of funnel plots and Egger’s test. All tests were two-sided at an alpha-level of
0.05 and all analyses were done with Stata 13.1 (StataCorp, TX).

RESULTS
The search yielded 6,132 abstracts, of which 142 (2.3%) were included for full-text review.
Of these, 119 were excluded due to different reasons based on the exclusion criteria (see
Figure 1). Six authors were contacted to obtain full-text articles that were not available
to us, of which 5 responded to our request. Additionally, 10 authors were contacted for
missing or ambiguous information, of whom 7 responded. Two additional studies were
found from cross-references,16,17 of which one could be included.16 This resulted in 8 crosssectional studies, 5 case-control studies, 10 prospective cohort studies and 1 study with
both cross-sectional and prospective analyses (designated as cross-sectional regarding
study quality). Quality assessment of all 24 included studies was sufficient (overall mean
NOS score = 6.8, SD = 1.29, range = 3-9). Separate analyses for each study design showed
similar results for prospective (mean NOS score = 6.91, SD = 1.04, range = 5-8) and crosssectional studies (mean NOS score = 7.22, SD = 0.97, range = 6-9), but the quality of casecontrol studies was somewhat lower (mean NOS score = 5.8, SD = 1.92, range = 3-8),
mainly due to the effects of one particular study with a score of 3. All 24 studies and their
details and results are summarized in detail in Table 1-3 and Appendix 3.

Cross-sectional studies
Out of nine cross-sectional studies, six studies reported on MI,18-23 three on AP,19,21,22 and
five on the CHD compound (MI+AP).22-26 Of the six studies investigating MI, four found
a significant relation with poor cognitive functioning,18,19,22,23 and two studies found no
association with prevalent cognitive impairment.20,21 For AP, two studies found a significant
association with poor cognitive functioning,19,22 whereas one study found no association
with mild cognitive impairment.21 For the CHD compound studies, three studies found a
significant association with poor cognitive functioning,22,23,26 one study found no relation
with cognitive function or cognitive impairment,24 and one study found a significant
association with dementia risk.25
In the meta-analysis, four studies representing 623,588 persons could be included.20,21,24,25
CHD was not significantly associated with an increased risk of cognitive impairment or
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Records identified through database
searching (n = 9,430)

Records after duplicates removed (n = 6,132)

Records screened (n = 6,132)

Records excluded (n = 5,990)

Full-text articles assessed for
eligibility (n = 142)

Full-text articles excluded, with reasons
(n = 119)
-

Studies included in qualitative
synthesis (n = 23)

-

Study did not report relevant outcome
variables (n = 64)
Other article type (n = 21)
Conference abstract (n =19)
Study had no suitable comparison group
(n = 6)
No full-text available (n = 6)
Topic beyond scope present study (n = 2)
Clinical cohort (n = 1)

Total number of studies
included in qualitative
synthesis (n = 24)
Cross-references from secondary literature (n = 2)
Included: 1
Excluded: 1 (study has no suitable
comparison group)
Studies included in
quantitative synthesis (metaanalysis)
(n = 18)

Figure 1. Literature search and selection.
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dementia (OR = 1.23, 95%CI = 0.76-1.97, p = 0.398; see Figure 1 of Appendix 4). In the
CHD meta-analysis, substantial heterogeneity was observed (I2 = 81.2%, 95%CI = 26-91,
p = 0.001). No statistically significant source of heterogeneity was identified in a metaregression analysis, although inclusion of some study characteristics (e.g. mean age at
baseline, outcome measurement and study quality) led to a reduction in I2 (e.g. mean age
at baseline: 81.2% to 53.1%). There was no evidence for small-study effects based on the
Egger’s test (p = 0.407) and visual inspection of the funnel plot (see Figure 2 of Appendix
4). Similar non-significant results were found for MI (OR = 1.11, 95%CI = 0.79-1.57, p =
0.548; see Figure 3 of Appendix 4). It was not possible to perform a meta-analysis for AP
since there was only one study.21

Case-control studies
Four out of five case-control studies reported on MI. Three of these found no association
between MI and dementia or Alzheimer’s disease,27-29 whereas one nested case-control
study did find a significant association between MI and dementia risk.30 Two case-control
studies investigated the relation between AP and risk for dementia, Alzheimer’s disease or
vascular dementia. Both studies showed no significant associations.29,31
Four studies representing 6,397 individuals could be included in the meta-analysis.27,29-31
CHD was not significantly associated with risk of total or vascular dementia (OR = 1.14,
95%CI = 0.79-1.64, p = 0.482; see Figure 1 of Appendix 5). There were signs of moderate
heterogeneity (I2 = 60.3%, 95%CI = 0-85, p = 0.056). There was no strong evidence for
small-study effects based on the Egger’s test (p = 0.062) and visual inspection of the funnel
plot (see Figure 2 of Appendix 5). No statistically significant source of heterogeneity was
identified in a meta-regression analysis. Separate meta-analyses for MI and AP showed
comparable non-significant results (MI: OR = 1.32, 95%CI = 0.78-2.21, p = 0.302, see Figure
3 of Appendix 5; AP: OR = 0.98, 95%CI = 0.71-1.36, p = 0.911, see Figure 4 of Appendix 5).

Prospective cohort studies
From the eleven prospective cohort studies, seven focused on MI,16,32-37 four on AP,33,36-38,
and four studies on the CHD compound.23,36,39,40 Of those focusing on MI, four studies did
not find an association with dementia, Alzheimer’s disease, vascular dementia or decline to
mild cognitive impairment or dementia.34-37 Three studies did find a significant association
between MI and dementia,32 Alzheimer’s disease and Alzheimer’s disease/vascular
dementia (but only for MI ascertained at the late-life visit)16, and possible dementia/mild
cognitive impairment.33 Two out of the four AP studies did find that AP increased the risk
of dementia or possible dementia/mild cognitive impairment,33,38 whereas the other two
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studies did not find an association.36,37 For the CHD compound, three studies did not find
a relation with cognitive decline or decline to dementia/mild cognitive impairment,23,36,39
whereas one study found that CHD was a significant predictor of vascular dementia.40
In the meta-analysis, a total of ten studies representing 24,801 persons could be
included.16,32-40 CHD was associated with a 45% increased risk of dementia, cognitive
impairment or cognitive decline (OR = 1.45, 95%CI = 1.21-1.74, p<0.001; see Figure 2).
Heterogeneity was low (I2 = 25.7%, 95%CI = 0-64, p = 0.207), without suggestion of smallstudy effects (Egger’s test, p = 0.739; for the funnel plot, see Figure 1 of Appendix 6).
Associations were slightly stronger in studies (n =7) focusing on dementia (OR = 1.55,
95%CI = 1.20-2.00, p = 0.001; I2 = 40.6%, 95%CI = 0-74, p = 0.121).16,32,34,35,37,38,40 There were
too few studies to conduct separate meta-analyses for the different subtypes of dementia.
Similar significant results were found for MI (OR = 1.46, 95%CI = 1.16-1.84, p = 0.001, see
Figure 2 of Appendix 6) and AP (OR = 1.36, 95%CI = 1.12-1.65, p = 0.002, see Figure 3 of
Appendix 6) separately.
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Cognitive function; MMSE

Rotterdam
study; N =
4,971; age
range: 55-94

Honolulu-Asia
Aging study;
N = 341; mean
age >77

Caerphilly
study; N ≈
1,500; age
range: 55-69

Whitehall II
study; N =
5,812; age
range: 46-68

Breteler et al.,
199418

Petrovitch et
al., 199820

Elwood et al.,
200219

SinghManoux et
al., 200322

Cognitive function; memory
test, AH4-1 test, Mill Hill
Vocabulary test, phonemic and
semantic fluency

Cognitive function; AH4-1 test,
CAMCOG, MMSE and CRT

Cognitive function; CASI (poor
cognitive performance was
defined as a score of < 74)

Outcome/ cognitive test,
diagnostic criteria

Cohort/
sample/ age

Authors

CHD; validated MI or AP and doctordiagnosed CHD

MI, AP; validated diagnosis based on
clinical test abnormality or physician
confirmation

AP; questionnaire on vascular events,
admission lists of local hospitals, hospital
and GP notes, chest ECG

MI; questionnaire on vascular events,
admission lists of local hospitals, hospital
and GP notes, chest ECG

MI; diagnosis of MI (chest pain with ECG
changes or cardiac enzyme elevation,
temporal ECG changes considered to be
diagnostic of interim MI) based on several
sources (e.g. surveillance of all hospital
discharge records, death certificates) and
subjected to standardized review and
classification by a consensus diagnosis
committee

MI; ECG abnormalities reviewed by a
cardiologist

Predictor/ ascertainment of exposure

Most important
results
History of MI was
associated with lower
cognitive scores
No significant
association between
MI and cognitive
performance (OR =
1.3 (0.8-1,9)

Significant
associations between
cognitive function
and past MI or the
presence of AP

MI, AP and CHD were
associated with poor
cognitive function

Adjustment for
confounders
Age, sex, education,
smoking

Age, years of
education, and years
of childhood spent
in Japan

Age, social class,
(mood)

Age, employment
grade, (hypertension,
cholesterol, cigarette
smoking)

Table 1. Characteristics of cross-sectional studies assessing the relation between angina pectoris, myocardial infarction, coronary heart disease
and cognition or dementia
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Cognitive function; perceptual
speed (Digit Letter, Identical
Pictures), episodic memory
(Paired Associates, Memory
for text), fluency (Categories,
Word Beginnings), knowledge
(Vocabulary, Spot-a-Word),
intelligence (composite based
on four separate composites)

Berlin Aging
Study; N =
516; mean age
>70

Whitehall II
study; N =
5,837; mean
age: 61.0

Verhaeghen
et al., 200323

SinghManoux et
al., 200826

Cognitive function; memory
test, AH4-1 test (reasoning), Mill
Hill Vocabulary test, phonemic
and semantic fluency, MMSE

Outcome/ cognitive test,
diagnostic criteria

Cohort/
sample/ age

Authors

CHD; non-fatal MI (questionnaire data,
study and hospital ECGs, cardiac enzymes
and physician records) and definite AP
(self-report of symptoms corroborated
by information from medical records for
nitrate medication or abnormalities on ECG,
exercise ECG or coronary angiogram)

CHD; typical angina, stenocardia, nitrate
therapy, family doctor’s diagnosis, ECG
abnormalities

MI; case history, interview with general
physician, ECG abnormalities

Predictor/ ascertainment of exposure

Age, education,
marital status, use
of medication for
cardiovascular
disease

Age, sex, SES,
dementia diagnosis

Adjustment for
confounders

In both men and
women, CHD was
associated with lower
cognitive scores on
reasoning, vocabulary
and the MMSE. In
women, CHD was also
associated with lower
scores on phonemic
and semantic fluency

CHD was negatively
associated with
cognition

MI was negatively
associated with
fluency, knowledge
and intelligence
compositea

Most important
results

Table 1. Characteristics of cross-sectional studies assessing the relation between angina pectoris, myocardial infarction, coronary heart disease
and cognition or dementia
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MCI; cognitive concern by a
physician, patient, or nurse,
impairment in ≥1 cognitive
domains (executive function,
memory, language visuospatial
skills), essentially normal
functional activities, no
dementia diagnosis

Mayo Clinic
Study of
Ageing; N =
1,969; median
age: 80.4

Tromsø study;
N = 5,033;
mean age:
58.8 (men)/
58.2 (women)

Roberts et al.,
201021

Arntzen et al.,
201124

Cognitive impairment; lowest
quintile on cognitive test scores

Cognitive function; twelve
word memory test, digitsymbol coding test, tapping
test

a-MCI: MCI with memory
impairment
na-MCI: MCI with no memory
impairment

Outcome/ cognitive test,
diagnostic criteria

Cohort/
sample/ age

Authors

CHD; self-reported MI or AP

AP (probable); two sources: 1) self-report
of a physician diagnosis with or without
self-report of treatment with nitrates,
beta-blockers, or calcium channel blockers
specifically
stated as treatment for angina; 2) ICDcodes from the medical records-linkage
system

MI (definite); three sources: 1) self-report of
a physician diagnosis; 2) ICD-codes based
on information from the medical index
of the Rochester Epidemiology Project;
3) validated diagnoses from a separate
surveillance study

Predictor/ ascertainment of exposure

Most important
results
MI and AP were
not significantly
associated with MCI,
a-MCI or na-MCI

No significant
associations between
CHD with any of the
cognitive tests

Adjustment for
confounders
Age, sex, and years of
education, diabetes,
hypertension, stroke,
BMI, depression,
dyslipidemia, APOE
genotype

Age, education,
physical activity,
depression, current
smoking, hypertension,
hypercholesterolemia, low HDL-cholesterol, obesity,
diabetes

Table 1. Characteristics of cross-sectional studies assessing the relation between angina pectoris, myocardial infarction, coronary heart disease
and cognition or dementia
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Dementia; the presence ever
of one of a specified set of
GP codes for dementia or
the prescription ever of an
anticholinesterase inhibitor

UK National
Health
Service; N =
616,245; age
range: 40-64

Heath et al.,
201525

IHDb; GP codes for MI or AP

Predictor/ ascertainment of exposure
Age, sex, SES,
presence of
neurodegenerative
disorder or learning
disability

Adjustment for
confounders

Significant association
between IHD and
dementia (OR = 1.9
(1.5-2.4))

Most important
results

Abbreviations: AH4-1 - Alice Heim 4-1; a-MCI - amnestic mild cognitive impairment; AP - angina pectoris; APOE - apolipoprotein E; BMI - body mass index; CASI - Cognitive Abilities
Screening Instrument; CAMCOG - Cambridge Cognitive Examination; CHD - coronary heart disease; CRT - Choice Reaction Time test; ECG - electrocardiography; GP - general practitioner;
HDL - high-density lipoprotein; ICD - International Classification of Diseases; IHD - ischemic heart disease; MCI - mild cognitive impairment; MI - myocardial infarction; MMSE - MiniMental State Examination; na-MCI - non-amnestic mild cognitive impairment; OR - odds ratio; SES - socioeconomic status; UK - United Kingdom.
a
More specific results were obtained after contact with the corresponding author.
b
Definition of IHD was obtained after contact with the corresponding author.

Outcome/ cognitive test,
diagnostic criteria

Cohort/
sample/ age

Authors

Table 1. Characteristics of cross-sectional studies assessing the relation between angina pectoris, myocardial infarction, coronary heart disease
and cognition or dementia
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Dementia, AD; CAMDEX interview

The Cambridge City over
-75s Cohort study (CC75C);
N = 376 (36 cases; 340
controls); mean age >77

Persons visiting the Geriatric AD; DSM-III and NINCDS-ADRDA
Institute of the University of criteria
Torino, Italy; N = 456 (228
cases; 228 controls); mean
age > 74

Rochester Epidemiology
Project; N = 1,832 (916
cases; 916 controls); median
age cases: 82 years

HARMONY study; N = 3,779
(355 cases; 3,424 controls);
mean age: 79.81

Brayne et al.,
199830

Massaia et al.,
200128

Bursi et al.,
200627

Hughes et al.,
201031

Dementia, AD; telephonic cognitive
screening, in-person clinical
evaluation including neurological
and neuropsychological examination,
several diagnostic criteria, expert
panel consensus diagnosis

Dementia; record linkage, screening
of medical records, confirmation by
neurologist, DSM-IV criteria

Outcome/cognitive test, diagnostic
criteria

Cohort/sample (cases and
controls), age

Authors

AP; self-reported

MI; record linkage,
screening of medical
records based on
discharge diagnosis
codes, validation of
diagnosis based on
standardized criteria

MI; not described

MI; self-report or
proxy-informantreported history of MI

Predictor/
ascertainment of
exposure

Not
applicable

None

Not
applicable

Age, sex

Adjustment
for
confounders

No significant association
between AP and dementia
(OR = 0.86 (0.66-1.13)) or
AD (OR = 0.80 (0.58-1.11))a

No significant association
between MI and dementia
(OR = 1.0 (0.62-1.62))

No significant difference
between cases and controls
with regard to MI

History of MI associated
with dementia risk (OR =
2.94 (1.2-7.21))

Most important results

Table 2. Characteristics of case-control studies assessing the relation between angina pectoris, myocardial infarction, coronary heart disease
and cognition or dementia
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122
VaD; medical history, neuroimaging
studies, clinical diagnosis from medical
records, NINDS-AIREN criteria

Subjects living in Olmsted
County, USA; N = 410 (205
cases; 205 controls); mean
age: 81.9

Takahashi et
al., 2012 29

MI, AP; medical
records including
physician notes,
laboratory data,
letters, non-visit
care information,
hospitalizations and
dismissal diagnoses

Predictor/
ascertainment of
exposure
None

Adjustment
for
confounders

No significant association
between dementia risk and
MI (OR = 1.11 (0.66-1.87)) or
AP (OR = 1.22 (0.79-1.88))

Most important results

Abbreviations: AD - Alzheimer’s disease; AP - angina pectoris; CAMDEX - Cambridge Examination for Mental Disorders in the Elderly; DSM-III - Diagnostic and
Statistical Manual of Mental Disorders (third edition); DSM-IV - Diagnostic and Statistical Manual of Mental Disorders (fourth edition); MI - myocardial infarction;
NINCDS-ADRDA - National Institute of Neurological and Communicative Disorders and Strokes—Alzheimer’s Disease and Related Disorders Association criteria;
NINDS-AIREN - National Institute of Neurological Disorders and Strokes—Association International pour la Recherché l’enseignement en Neurosciences criteria;
OR - odds ratio; USA - United Stated of America; VaD - vascular dementia.
a
Crude OR calculated based on numbers reported in Table 1 of the article.

Outcome/cognitive test, diagnostic
criteria

Cohort/sample (cases and
controls), age

Authors

Table 2. Characteristics of case-control studies assessing the relation between angina pectoris, myocardial infarction, coronary heart disease
and cognition or dementia

CHAPTER 4

Dementia; annual exam measures
(including cognitive tests), interview with
proxy informant, EEG, CT or MRI, psychiatric
assessment, assignment of an ischemic
score, DSM-III criteria, NINCDS-ADRDA,
neuropathological confirmation

Bronx Aging study;
N = 442; mean
age: 79.2; FU range
= 2-7 years

Zuthpen Elderly
study; N = 353;
mean age: 74.6;
3-year FU

Honolulu-Asia
Aging study; N =
2,916; age range:
71-93; maximum
FU = 28 years

Aronson et al.,
199032

Kalmijn et al.,
199639

Ross et al., 199940

VaD; cognitive screening with CASI,
additional cognitive testing, interview with
proxy-informant, full-dementia examination
(interview, neurological examination,
neuropsychological test battery), brain CT,
laboratory tests, DSM-III-R criteria, expert
panel consensus diagnosis

Cognitive decline; drop of >2 points on the
MMSE

Outcome/cognitive test, diagnostic
criteria

Cohort/ sample/
age/ follow-up

Authors

CHD; diagnosis of
MI or AP (medical
history, ECG)

CHD; diagnosis
of MI or AP (selfreport verified by
medical records,
ECGs, hospital
discharge data,
and notes from
GP)

MI; medical
and laboratory
studies (e.g. blood
sample, ECG)

Predictor/
ascertainment of
exposure

Most important
results
Significant association
between MI and
dementia (HR = 1.8
(1.03-3.2))

No significant
association between
CHD and cognitive
decline (OR = 1.7
(0.8-3.5))

Significant association
between CHD and VaD
(OR = 2.5 (1.35-4.62))

Adjustment for
confounders
Sex, age, word fluency,
Blessed IMC error score

Age, education,
baseline MMSE score

Age, education,
hypertension,
diabetes, Western
diet preference, use
of Vitamin E, 1-hour
postprandial glucose at
examination 1

Table 3. Characteristics of prospective cohort studies assessing the relation between angina pectoris, myocardial infarction, coronary heart
disease and cognition or dementia
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AD, AD/VaD; 1) screening phase with
MMSE; 2) clinical phase where participants
(MMSE ≤ 24) underwent neurological,
cardiovascular and neuropsychological
examinations; 3) differential diagnosis
phase (blood test, brain imaging, ECG
and cerebrospinal fluid analysis) based
on established criteria (DSM-IV, NINCDSADRDA)

North Karelia
Project and
FINMONICA
study; N = 1,287;
age range: 65-79;
mean FU = 21
years

Berlin Aging
Study; N = 206;
mean age >70; FU
= 4 years

Cardiovascular
Health study; N =
2,539; median age:
74; mean FU = 5.4
years

Kivipelto et al.,
200216

Verhaeghen et al.,
2003 23

Newman et al.,
200537

Dementia, AD with or without VaD,
AD with no VaD; annual measures of
cognition, detailed neurological and
neuropsychological examinations,
medical records, physician questionnaires,
proxy-informant interviews, brain MRI,
expert panel consensus diagnosis, several
diagnostic criteria (e.g. NINCDS-ADRDA)

Cognitive decline; perceptual speed (Digit
Letter, Identical Pictures), episodic memory
(Paired Associates, Memory for text),
fluency (Categories, Word Beginnings),
knowledge (Vocabulary, Spot-a-Word),
intelligence (composite based on four
separate composites)

Outcome/cognitive test, diagnostic
criteria

Cohort/ sample/
age/ follow-up

Authors

MI, AP; self-report
confirmed by
medical records,
test results
(e.g. ECG), or
medication use at
study entry (e.g.
nitroglycerin)

CHD; typical
angina,
stenocardia,
nitrate therapy,
family doctor’s
diagnosis, ECG
abnormalities

MI; self-report
of a physician
diagnosis

Predictor/
ascertainment of
exposure

Age at baseline,
education, race,
income, APOE
genotype, modified
MMSE score at time of
brain MRI

Age, sex, SES, dementia
status

Age, sex, education,
smoking, alcohol
consumption, APOE
genotype

Adjustment for
confounders

The incidence of
dementia was higher
in those with MI or AP.
In adjusted models,
these associations
were no longer or
borderline significant
(e.g. dementia: HR =
1.3 (1.0-1.9))

CHD was not
associated with
cognitive decline

MI (as of the late-life
visit) was significantly
associated with AD
(OR = 2.1 (1.1-4-5)) and
AD or VaD (OR = 2.5
(1.2-5.4)). MI at midlife
was not associated
with AD.

Most important
results

Table 3. Characteristics of prospective cohort studies assessing the relation between angina pectoris, myocardial infarction, coronary heart
disease and cognition or dementia
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Dementia, AD, VaD; multi-stage cognitive
screening procedure (e.g. cognitive test,
proxy-informant questionnaires), full
clinical assessment (neurological and
neuropsychological assessment, laboratory
tests, brain-imaging, expert panel
consensus diagnosis, several diagnostic
criteria (DSM-III-R, NINCDS-ADRDA, NINDSAIREN)

Cache County
study; N = 3,264;
mean age: 74;
mean FU = 3.2
years

Rotterdam
study; N = 5,578;
mean age > 68;
maximum FU = 15
years

Hayden et al.,
200634

Ikram et al., 200835

Dementia; cognitive screening tests,
CAMDEX, neuropsychological assessment,
imaging data, record linkage, expert panel
consensus diagnosis, several diagnostic
criteria (DSM-III-R, NINCDS-ADRDA, NINDSAIREN)

Outcome/cognitive test, diagnostic
criteria

Cohort/ sample/
age/ follow-up

Authors

Unrecognized MI;
no self-reported
or documented
MI, but based
on only ECG
abnormalities

MI (recognized);
based on Q-wave
(self-reported MI
confirmed by ECG
abnormalities)
and non-Q-wave
MI (self-reported
MI confirmed by
only clinical data)

MI; self-report
or proxyinformant-report
of a physician
diagnosis
together with
self-reported
treatment

Predictor/
ascertainment of
exposure

Most important
results
MI was not
significantly
associated with
dementia (HR = 1.13
(0.59-2.03))

Recognized MI was
not significantly
associated with
dementia risk (HR
= 1.12 (0.77-164)).
Unrecognized MI
was associated with
an increased risk of
dementia, but only in
men (HR = 2.14 (1.373.35))

Adjustment for
confounders
Age, sex, education,
hypertension, high
cholesterol, diabetes,
obesity, stroke, CABG,
APOE genotype

Age, sex, systolic blood
pressure, diastolic
blood pressure, BMI,
atrial fibrillation,
diabetes, current
smoking, intima
media thickness, total
cholesterol, HDLcholesterol, APOE
genotype

Table 3. Characteristics of prospective cohort studies assessing the relation between angina pectoris, myocardial infarction, coronary heart
disease and cognition or dementia
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Dementia; GMS-AGECAT diagnosis, death
register (for cases who died in the FU before
re-interviewing), psychiatrist’s diagnosis (for
patients from case-control study)

Anhui cohort
study; N = 1,307;
mean age > 65;
median FU = 3.9
years

Women’s Health
Initiative Memory
study; N = 6,455;
age range: 65-79;
median FU = 8.4
years

Chen et al., 201138

Harring et al.,
201333

Possible dementia, MCI, possible dementia
or MCI; cognitive screening (3MSE), CERAD
battery of neuropsychological tests and
standardized interviews, interview with
proxy-informant, review meeting with local
physician (medical history, neuropsychiatric
evaluation), brain CT, laboratory tests,
expert panel consensus diagnosis, several
diagnostic criteria (DSM-IV, CERAD)

Outcome/cognitive test, diagnostic
criteria

Cohort/ sample/
age/ follow-up

Authors

AP; self-report

MI; based on selfreport or evolving
Q-wave (ECG)

AP; doctor’s
diagnosis

Predictor/
ascertainment of
exposure

Age, education, race,
HTR arm, baseline
3MSE, alcohol intake,
smoking, physical
activity, diabetes, sleep
hours, hypertension,
BMI, depression,
waist-hip ratio,
hypercholesterolemia,
aspirin use

Age, sex, education,
main occupation,
annual income, urban
rurality, BMI, smoking
habits, hobby’s (e.g.
playing chess, pet),
relationship with
others, living with
others, worrying,
hypochondriasis,
anything severely
upsetting, horrifying
experience

Adjustment for
confounders

AP was moderately
associated with
possible dementia or
MCI (HR = 1.45 (1.052.01))

MI was significantly
associated with for
possible dementia or
MCI (HR = 2.10 (1.403.15))

AP was significantly
associated with
incident dementia (OR
= 2.58 (1.01-6.59))

Most important
results

Table 3. Characteristics of prospective cohort studies assessing the relation between angina pectoris, myocardial infarction, coronary heart
disease and cognition or dementia
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Decline to MCI or dementia; MCI:
participant or informant cognitive
complaint, cognitive impairment on
objective testing, no dementia diagnosis,
normal function or minimal impairment in
instrumental activities of daily living, expert
panel consensus diagnosis, diagnostic
criteria; dementia: expert panel consensus
diagnosis, diagnostic criteria (DSM-IV)

Sydney Memory
and Ageing study;
N = 660*; mean
age: 78.59; mean
FU = 23 months,
12 days

Lipnicki et al.,
201336

CHD; combination
of MI and AP

AP; doctor’s
diagnosis

MI; self-report
of a physician
diagnosis

Predictor/
ascertainment of
exposure
Age, sex

Adjustment for
confounders

No significant
associations between
MI (OR = 1.12 (0.582.19)), AP (OR = 0.98
(0.51-1.88)) or CHD
(OR = 0.97 (0.55-1.71))a

Most important
results

Abbreviations: 3MSE - Modified Mini-Mental State Examination; AD - Alzheimer’s disease; APOE - apolipoprotein E; AP - angina pectoris; Blessed IMC - Blessed Test of Information, Memory,
and Concentration; BMI - body mass index; CABG - coronary artery bypass graft surgery; CAMDEX - Cambridge Examination for Mental Disorders in the Elderly; CASI - Cognitive Abilities
Screening Instrument; CERAD - Consortium to Establish a Registry for Alzheimer’s Disease; CHD - coronary heart disease; CT - computer tomography; DSM-III - Diagnostic and Statistical
Manual of Mental Disorders (third edition); DSM-IV - Diagnostic and Statistical Manual of Mental Disorders (fourth edition); ECG - electrocardiography; EEG - electroencephalography;
FU - follow-up; GMS-AGECAT - Geriatric Mental State-Automated Geriatric Examination for Computer Assisted Taxonomy; GP - general practitioner; HDL - high-density lipoprotein; HR
- hazard ratio; HTR-arm - Women’s Health Initiative Hormone Trial Randomization assignment; MCI - mild cognitive impairment; MI - myocardial infarction; MMSE - Mini-Mental State
Examination; MRI - magnetic resonance imaging; HR - hazard ratio; NINCDS-ADRDA - National Institute of Neurological and Communicative Disorders and Strokes—Alzheimer’s Disease
and Related Disorders Association criteria; NINDS-AIREN - National Institute of Neurological Disorders and Strokes—Association International pour la Recherché l’enseignement en
Neurosciences criteria; OR - odds ratio; VaD - vascular dementia
a
Number of participants and ORs obtained after contact with corresponding author

Outcome/cognitive test, diagnostic
criteria

Cohort/ sample/
age/ follow-up

Authors

Table 3. Characteristics of prospective cohort studies assessing the relation between angina pectoris, myocardial infarction, coronary heart
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%

Study
OR (95% CI)

Weight

Aronson (1990)

1.80 (1.03, 3.20)

8.30

Kalmijn (1996)

1.70 (0.80, 3.50)

5.33

Ross (1999)

2.50 (1.35, 4.62)

7.27

Kivipelto (2002)

2.50 (1.20, 5.40)

5.16

Newman (2005)

1.30 (1.00, 1.70)

22.13

Hayden (2006)

1.13 (0.59, 2.03)

7.22

Ikram (2008)

1.12 (0.77, 1.64)

14.94

Chen (2011)

2.58 (1.01, 6.59)

3.47

Harring (2013)

1.45 (1.05, 2.01)

17.96

Lipnicki (2013)

0.97 (0.55, 1.71)

8.22

Overall (I-squared = 25.7%, p = 0.207)

1.45 (1.21, 1.74)

100.00

.with estimated predictive interval

.

ID
Coronary heart disease

.
(0.98, 2.16)

NOTE: Weights are from random effects analysis
.152

1

6.59

Figure 2. Forest plot of prospective cohort studies assessing the relation between coronary heart
disease and cognitive impairment or dementia

DISCUSSION
The results of this systematic literature review and meta-analysis indicate that individuals
with CHD have, on average, a 45% increased risk of cognitive impairment or dementia.
Separate meta-analyses of prospective cohort studies for the individual predictors (MI,
AP) showed similar significant results. In contrast, meta-analyses of cross-sectional and
case-control studies yielded no significant results, possibly due to the low number of
studies included within these analyses and the moderate to substantial heterogeneity
among studies. It has to be noted that, for cross-sectional studies, those studies that could
not be included in the meta-analysis (those using different continuous outcome measures
of cognitive functioning), majorly found lower cognitive abilities in CHD. The literature
on CHD is mixed in general, with the majority of prospective and cross-sectional studies
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demonstrating a significant association with cognition or dementia, and most of the casecontrol studies showed no association.
The exact biological mechanism by which CHD is related to risk of cognitive impairment or
dementia is still unknown, but several candidate pathways exist. CHD and dementia share
common risk factors such as obesity, type-2 diabetes, smoking, hypertension, physical
inactivity, and hypercholesterolemia.7,8 CHD can be associated with cardiac complications
(atrial fibrillation, heart failure), whose association with cognitive impairment or dementia
is well-established.7,9 Additionally, CHD and accompanying vascular insufficiency can
lead to cerebrovascular changes such as reduced cerebral blood flow (which can lead to
hypoperfusion),41 white matter lesions and brain infarctions,35 which in turn are associated
with reduced cognitive functioning and risk of dementia.42,43 CHD might however not
itself be causally related to cognition, but brain-effects (e.g. cognitive impairment with
vascular origin) might be due to underlying atherosclerosis, which increases both the risk
of CHD and dementia.44,45
Given the present results, public health campaigns focusing on preventing CHD or
dementia should join forces and consider placing a greater emphasis on targeting
shared risk factors (e.g. obesity, hypercholesterolemia, physical inactivity, hypertension,
smoking). Studies have shown that targeting these modifiable risk factors can be effective
in reducing incidence rates and disease burden.5,46 Concerted actions focusing on the
heart-brain connection might be key to fostering healthy aging.
The strengths of this study include the use of large population-based studies with different
study designs and the use of risk estimates that were pre-adjusted for confounding
variables. Nevertheless, a number of limitations have to be mentioned. First, some
studies based the ascertainment of the predictors on self-report or proxy-report, which
can be prone to recall bias and underreporting, particularly given the relative older age
of the included cohorts. This is particularly problematic in case-control studies, in which
differential reporting bias may lead to exposure misclassification and diluted or even
biased estimates. Fortunately, the majority of the included studies used validated or
combined (e.g. self-report verified by validated) measurements to establish the exposure
status. Second, substantial heterogeneity was observed in both cross-sectional and casecontrol studies. This can be related to differences in methodology across studies (e.g.
assessment of dementia or cognitive functioning, ascertainment of exposure, variation
between cohorts (e.g. gender specific) selection of study participants, follow-up duration
and adjustment for important covariates). While meta-regression analyses did not identify
any statistically significant source of heterogeneity, other methodological differences not
included in the analyses might explain the between-study difference in effect estimates.
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By using a random-effects meta-analysis we have tried to account for variability within
and between studies. Third, the observed effects could probably be attributed to residual
confounding in the original studies, although we used the most fully adjusted models.
Fourth, studies were excluded if their CHD exposure was not a combination of purely MI
and AP. For instance, studies reporting on IHD based on the the International Classification
of Diseases and Related Health Problems (ICD-10) codes for IHD (I20-I25) were excluded
because some of the codes also include coronary atherosclerosis and coronary artery
aneurysm which are more causes of IHD.47 While this has led to the exclusion of studies
affirming the association between CHD and cognitive impairment or dementia, our focus
was on MI and AP as the most prevalent conditions. Using a broader search strategy that
includes all causes of IHD led to more than 12,000 search hits (now 6,132), which was
considered unfeasible.
In conclusion, CHD was associated with an increased risk of cognitive impairment or
dementia in prospective cohort studies. Nonetheless, mechanistic studies are needed
that focus on the underlying biological pathways (e.g. left ventricular dysfunction,
cerebral small vessel disease due to hypoperfusion) and shared risks (e.g. hypertension,
arterial stiffness, common genetic variants) that link CHD and risk of cognitive impairment
or dementia. In addition, policy makers and health workers must become more aware
that identification of individuals at high risk for CHD or dementia is essential to intervene
at an early stage by targeting these shared modifiable risk factors. Future public health
campaigns have to anticipate on these new insights.
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SUPPLEMENTAL DATA
APPENDIX 1: Complete search strategy
Medline
S1: (dement* or Alzheimer* or cognit* or neuropsychol*).af.
S2: (((ischemic or ischaemic or coronary) and (heart OR artery)) or myocardium or
myocardial or angina).af.
S3: 1 and 2
S4: limit 3 to (humans and (dutch or english or french or german))
Embase
S1: (dement* or Alzheimer* or cognit* or neuropsychol*).ti,ab.
S2: (((ischemic or ischaemic or coronary) and (heart or artery)) or myocardium or
myocardial or angina).ti,ab.
S3: 1 and 2
S4: limit 3 to (humans and (dutch or english or French or german))
PsycINFO
S1: dement# OR Alzheimer OR cognit# OR neuropsychol#
S2: (((ischaemic OR ischemic OR coronary) AND (heart OR artery)) OR myocardium OR
myocardial OR angina)
S3: S1 AND S2
CINAHL
S1: (((ischaemic OR ischemic OR coronary) AND (heart OR artery)) OR myocardium OR
myocardial OR angina)
S2: dement# OR Alzheimer OR cognit# OR neuropsychol#
S3: S1 and S2
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APPENDIX 2: Newcastle-Ottawa quality assessment scale adapted for crosssectional studies
Note: A study can be awarded a maximum of one star for each numbered item within the
Selection and Outcome categories, with the exception for ‘Assessment for outcome’ from
the Outcome category. A maximum of two stars can be given for Comparability.
Selection (Maximum 4 stars)

4

Representativeness of the exposed cohort
a) Truly representative of the general population (random sampling) *
b) Somewhat representative of general population (non-random sampling) *
c) Selected group of users (e.g. nurses, volunteers)
d) No description of the sampling strategy
Sample size, response rate, and comparability between respondent and non-respondents
a) Sample size is justified, response rate AND the comparability between respondents
and non-respondents characteristics are described *
b) Sample size is justified and the response rate OR the comparability between
respondents and non-respondents characteristics is described *
c) Sample size is justified, but no description of the response rate and the characteristics
of the responders and non-responders
d) Sample size is not justified, and there is no description of the response rate or the
characteristics of the responders and non-responders
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
Ascertainment of exposure
a) Validated measurement tool *
b) Non-validated measurement tool, but the tool is available or described *
c) Self-report
d) No description
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Comparability (Maximum 2 stars)
Comparability of cohorts on the basis of the design or analysis
a) Study controls for the most important factor *
b) Study controls for any additional factor *
c) No control for any important factor
Outcome (Maximum 3 stars)
Assessment of outcome
a) Independent blind assessment **
b) Record linkage **
c) Self-report
d) No description
Statistical test
a) The statistical test used to analyze the data is clearly described and appropriate, and
the measurement of the association is presented, including confidence intervals and
the probability level (p value) *
b) The statistical test is not appropriate, not described or incomplete
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MI

Prospective

Hayden et al., 2006

MI

Prospective

Prospective

Kivipelto et al., 2002

Newman et al., 2005

CHD

Prospective

Prospective

Kalmijn et al., 1996

Ross et al., 1999

MI, AP

MI

MI, AP

CHD

MI

Case-control

Prospective

Takahashi et al., 2012

AP

CHD

Aronson et al., 1990

Case-control

Case-control

Nested case-control

Case-control

Brayne et al., 1998

Massaia et al., 2001

Bursi et al., 2006

MI
MI

Cross-sectional

Heath et al., 2015

Hughes et al., 2010

CHD

Cross-sectional

Arntzen et al., 2011

CHD
MI, AP

Cross-sectional

Cross-sectional

Singh-Manoux et al., 2008

MI, CHD

Roberts et al., 2010

Cross-sectional,
prospective

Verhaeghen et al., 2003

MI, AP, CHD

MI, AP

Cross-sectional

Cross-sectional

Elwood et al., 2002

MI
MI

Cross-sectional

Cross-sectional

Breteler et al., 1994

Petrovitch et al., 1998

Singh-Manoux et al., 2003

Predictor

Study design

Authors

Dementia, AD, VaD

Dementia, AD with no VaD, AD with or
without VaD

AD, AD/VaD

VaD

Cognitive decline

Dementia

VaD

Dementia, AD

Dementia

AD

Dementia, AD

Dementia

Cognitive function; cognitive impairment

MCI

Cognitive function

Cognitive function, cognitive decline

Cognitive function

Cognitive function

Cognitive impairment

Cognitive function

Outcome

Yes, MI and CHD meta-analysis

Yes, MI, AP and CHD meta-analysis

Yes, MI and CHD meta-analysis

Yes, CHD meta-analysis

Yes, CHD meta-analysis

Yes, MI and CHD meta-analysis

Yes, MI, AP and CHD meta-analysis

Yes, AP and CHD meta-analysis

Yes, MI and CHD meta-analysis

No, only continuous outcome measures

Yes, MI and CHD meta-analysis

Yes, CHD meta-analysis

Yes, CHD meta-analysisa

Yes, MI and CHD meta-analysis

No, only continuous outcome measures

No, only continuous outcome measures

No, only continuous outcome measures

No, only continuous outcome measures

Yes, MI and CHD meta-analysis

No, only continuous outcome measures

Included in meta-analysis? (If yes, which
meta-analysis? If no, reason of exclusion?)

APPENDIX 3. Overview of studies assessing the relation between angina pectoris, myocardial infarction, coronary heart
disease and cognition or dementia
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MI, AP, CHD

Decline to MCI or dementia

Possible dementia, MCI, Possible
dementia/MCI

Dementia

Dementia

Outcome

Yes, MI, AP and CHD meta-analysis

Yes, MI, AP and CHD meta-analysis

Yes, AP and CHD meta-analysis

Yes, MI and CHD meta-analysisb

Included in meta-analysis? (If yes, which
meta-analysis? If no, reason of exclusion?)

Abbreviations: AD - Alzheimer’s disease; AP - angina pectoris; CHD - coronary heart disease; MCI - mild cognitive impairment; MI - myocardial infarction; VaD vascular dementia.
a
Odds ratios for women and the Tapping test were taken into account due to larger number of participants.
b
Hazard ratios for recognized myocardial infarction were taken into account due to larger number of participants.
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Prospective
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Chen et al., 2011

Harring et al., 2013
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Ikram et al., 2008
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Study design
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APPENDIX 4: Cross-sectional studies
%

Study

OR (95% CI)

Weight

Petrovitch (1998)

1.30 (0.80, 1.90)

26.12

Roberts (2010)

0.80 (0.55, 1.15)

27.77

Arntzen (2011)

1.00 (0.41, 2.45)

15.27

Heath (2015)

1.90 (1.50, 2.40)

30.84

Overall (I-squared = 81.2%, p = 0.001)

1.23 (0.76, 1.97)

100.00

.with estimated predictive interval

.

ID

Coronary heart disease

4

.

(0.15, 9.84)

NOTE: Weights are from random effects analysis
.408

1

2.45

Figure 1: Forest plot of cross-sectional studies assessing the relation between coronary heart
disease and cognitive impairment or dementia
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Standard error of adjusted odds ratio
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Funnel plot with pseudo 95% confidence limits
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Adjusted odds ratio
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Figure 2: Funnel plot of cross-sectional studies included in the coronary heart disease metaanalysis showing the effect estimates by their standard errors
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Study

%

ID

OR (95% CI)

Weight

Petrovitch (1998)

1.30 (0.80, 1.90)

56.27

Roberts (2010)

0.91 (0.55, 1.49)

43.73

1.11 (0.79, 1.57)

100.00

Myocardial infarction

.
Overall (I-squared = 10.9%, p = 0.289)

NOTE: Weights are from random effects analysis
.526

1

1.9

Figure 3: Forest plot of cross-sectional studies assessing the relation between myocardial
infarction and cognitive impairment or dementia
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APPENDIX 5: Case-control studies
Study

%

ID

OR (95% CI)

Weight

Brayne (1998)

2.94 (1.20, 7.21)

12.04

Bursi (2006)

1.00 (0.62, 1.62)

25.02

Hughes (2010)

0.86 (0.66, 1.13)

35.73

Takahashi (2012)

1.22 (0.79, 1.88)

27.20

Overall (I-squared = 60.3%, p = 0.056)

1.14 (0.79, 1.64)

100.00

.with estimated predictive interval

.

Coronary heart disease

4

.

(0.27, 4.84)

NOTE: Weights are from random effects analysis
.139

1

7.21

Standard error of adjusted odds ratio
.5
.4
.3
.2
.1
0

Figure 1: Forest plot of case-control studies assessing the relation between coronary heart
disease and cognitive impairment or dementia

Funnel plot with pseudo 95% confidence limits

.5

1
1.5
Adjusted odds ratio

2

2.5 3

Figure 2: Funnel plot of case-control studies included in the coronary heart disease meta-analysis
showing the effect estimates by their standard errors
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Study

%

ID

OR (95% CI)

Weight

Brayne (1998)

2.94 (1.20, 7.21)

21.74

Bursi (2006)

1.00 (0.62, 1.62)

40.27

Takahashi (2012)

1.11 (0.66, 1.87)

37.98

Overall (I-squared = 55.3%, p = 0.107)

1.32 (0.78, 2.21)

100.00

.with estimated predictive interval

.

Myocardial infarction

.

(0.01, 313.25)

NOTE: Weights are from random effects analysis
.139

1

7.21

Figure 3: Forest plot of case-control studies assessing the relation between myocardial infarction
and cognitive impairment or dementia
Study

%

ID

OR (95% CI)

Weight

Hughes (2010)

0.86 (0.66, 1.13)

62.57

Takahashi (2012)

1.22 (0.79, 1.88)

37.43

0.98 (0.71, 1.36)

100.00

Angina pectoris

.
Overall (I-squared = 44.2%, p = 0.180)

NOTE: Weights are from random effects analysis
.532

1

1.88

Figure 4: Forest plot of case-control studies assessing the relation between angina pectoris and
cognitive impairment or dementia
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APPENDIX 6: Prospective cohort studies

Funnel plot with pseudo 95% confidence limits

4

1
2
Adjusted odds ratio

3

4

Figure 1: Funnel plot of prospective cohort studies included in the coronary heart disease metaanalysis showing the effect estimates by their standard errors
Study

%
OR (95% CI)

Weight

Aronson (1990)

1.80 (1.03, 3.20)

11.77

Kivipelto (2002)

2.50 (1.20, 5.40)

7.59

Newman (2005)

1.30 (1.00, 1.90)

23.20

Hayden (2006)

1.13 (0.59, 2.03)

10.36

Ikram (2008)

1.12 (0.77, 1.64)

19.70

Harring (2013)

2.10 (1.40, 3.15)

18.22

Lipnicki (2013)

1.12 (0.58, 2.19)

9.17

Overall (I-squared = 34.7%, p = 0.163)

1.46 (1.16, 1.84)

100.00

.with estimated predictive interval

.

ID
Myocardial infarction

.
(0.85, 2.53)

NOTE: Weights are from random effects analysis
.185

1

5.4

Figure 2: Forest plot of prospective cohort studies assessing the relation between myocardial
infarction and cognitive impairment or dementia
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%

ID

OR (95% CI)

Weight

Newman (2005)

1.30 (1.00, 1.70)

52.12

Chen (2011)

2.58 (1.01, 6.59)

4.23

Harring (2013)

1.45 (1.05, 2.01)

34.99

Lipnicki (2013)

0.98 (0.51, 1.88)

8.66

Overall (I-squared = 0.6%, p = 0.389)

1.36 (1.12, 1.65)

100.00

.with estimated predictive interval

.

Angina pectoris

.

(0.88, 2.09)

NOTE: Weights are from random effects analysis
.152

1

6.59

Figure 3: Forest plot of prospective cohort studies assessing the relation between angina pectoris
and cognitive impairment or dementia
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ABSTRACT
Background and Objectives: Obesity has been associated with increased risk of
cognitive impairment or dementia, but recent findings are contradictory, possibly due
to methodological differences. The present study tries to clarify these inconsistencies by
following the cognitive trajectories of individuals with obesity over 12 years and studying
the effect of obesity status (obesity at baseline versus incident obesity at follow-up),
chronicity, definition, potential confounding (e.g. age, cardiovascular factors), and nonlinear associations.
Design: Longitudinal study with 12 years follow-up.
Setting: Community based.
Participants: 1,807 cognitively healthy individuals (aged 24-83) from the Maastricht
Aging Study (1992-2004).
Measurements: Memory, executive function and processing speed were assessed at
baseline and at 6- and 12-year follow-up. Obesity was defined as having a body mass
index (BMI) of ≥ 30.0 kg/m2 or waist circumference (WC) of > 102 cm for men and > 88 cm
for women.
Results: At baseline, 545 persons were obese (BMI: 329 (18%); WC: 494 (27%); both:
278 (15%). They showed faster decline in memory, executive function, and processing
speed. Chronic obese showed less widespread impairment than those who regained
normal weight. Associations across cognitive domains were weaker for obesity defined
by BMI than for WC. At follow-up, 190 developed obesity, and they performed worse on
executive function at baseline, but showed less decline compared with participants with
normal weight. Yet, age-stratification and post-hoc analyses showed that most of these
associations were confounded by age.
Conclusions: This study shows that the association between obesity and cognitive
decline was confounded by the effect of age on rate of decline. Future studies should take
this into account.
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INTRODUCTION
The incidence of dementia is steadily increasing with 4.6 million new cases of dementia every
year.1 In the absence of a treatment for dementia, identification of modifiable dementia
risk factors is important to implement risk management strategies.2 Simultaneously,
global age-standardized prevalence of obesity doubled from 6.4% in 1980 to 12% in 2008,
with the highest absolute numbers found in women and industrialized countries,3-6 while
the relative increase is largest for low- and middle-income countries.1
Midlife obesity has been associated with a faster cognitive decline and a 60% increased
risk of dementia.3,5 However, results of prospective studies are inconsistent 7. Four recent
studies found no evidence that midlife obesity increases dementia risk,8-11 or suggested
that it might even be a protective factor, while underweight individuals might be at risk.11
Discrepancies in findings partly reflect differences in the measurement of obesity, residual
confounding, demography and age at obesity assessment or duration. To date, few studies
have investigated the age-dependent effects of obesity on cognitive change. Next, it is
unclear whether this association might be mediated by obesity-related comorbidities
such as hyperlipidemia, hypertension or type 2 diabetes.12,13
Therefore, the current study investigates the influence of a range of methodological choices
in the analysis of the association between obesity and cognitive decline. More specifically,
the studies assesses 1) the association between baseline and incident obesity and
cognitive decline; 2) whether this association is independent of age and other important
covariates (e.g. cardiovascular risk factors); 3) the effect of chronic obesity on cognition; 4)
the impact of obesity measure (body mass index (BMI) versus waist circumference (WC));
and 5) the effect of accounting for both linear and non-linear associations between body
weight and cognitive decline.

METHODS
Participants
The Maastricht Aging Study (MAAS) is a prospective cohort study examining the
determinants of cognitive aging.14 A total of 10,801 patients without major neurological
conditions or psychiatric disorders were sampled from Registration Network Family
Practices, a collaborative network of general practices in the south of the Netherlands,15
and were invited to participate in MAAS. The Registration Network Family Practices
represents the general population with respect to demographic characteristics.14
Exclusion criteria were medical conditions that may interfere with normal cognitive
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function: (e.g. coma, epilepsy, dementia). All eligible participants were screened in a semistructured interview by telephone for medical conditions that were not documented in
the Registration Network Family Practices database such as history of transient ischemic
attacks or brain surgery. For inclusion in MAAS, a sub-sample of 1823 individuals was
drawn from the Registration Network Family sampling frame stratified for age (12 discrete
age groups from 24 to 81 years), sex, and level of occupational achievement (low/high)
to have balanced groups in each stratum. At baseline (1993-1996), these participants
underwent a comprehensive assessment of medical status, lifestyle, and anthropomorphic
and neurocognitive measures, which were repeated 6 and 12 years after baseline. See
Appendix 1 for the flowchart of the study design.

Measures
Obesity
Obesity was defined by both BMI and WC. BMI was calculated as weight in kilograms
divided by height in meters squared (kg/m2). The cut-off point for obesity (BMI ≥ 30.00
kg/m2) was used according to World Health Organization guidelines.16 WC provides an
indication of abdominal fat, and obesity is defined by a WC of > 102 cm (or > 41 inches) in
men and > 88 cm (or > 36 inches) in women.16 Weight, height and WC were measured with
a medical scale, stadiometer and tape measure, respectively. Participants were defined as
obese based on BMI (measured at baseline, 6- and 12-year follow-up), WC (measured at
baseline and 6-year follow-up) or both.
Cognitive decline
Neuropsychological tests were administered by psychologists and trained test assistants
at baseline and the 6- and 12-year follow-up measurements. The Visual Verbal Learning
Test was used to assess verbal memory.17 In this test, fifteen non-related monosyllabic
words are presented in five consecutive trials on a computer screen, followed by an
immediate (after each trial) and delayed (twenty minutes after last trial) recall phase. In
the present study, the delayed recall was used. The Concept Shifting Test was used to
measure executive function.18 In three trials, the participant has to cross out as fast as
possible sixteen digits in ascending order (part A), sixteen letters in alphabetic order (part
B), and finally eight digits and eight letters in alternating order (part C). The shifting score
is calculated by subtracting the average time needed to complete part A and B from the
time needed to complete part C. The Letter Digit Substitution Test was used to assess
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information processing speed.19 Using a reference key, the participant has ninety seconds
to match specific letters to given numbers as quickly as possible.

Covariates
Age, sex, and educational level (low, middle and high) were included as demographic
covariates. Blood pressure was measured three times at five-minute intervals on the left
arm using an automatic sphygmomanometer (Critikon Dinamap 8100). Hypertension
was defined as a systolic blood pressure of ≥ 140 mmHG or a diastolic blood pressure of
≥ 90 mmHG averaged over the three measurements, or self-reported antihypertensive
medication intake.20 Presence of type 2 diabetes was based on a self-reported diagnosis
by a physician or use of anti-diabetic medication at or after 40 years of age. Depressive
symptoms were assessed using the 16-item depression subscale of the revised Symptom
Checklist-90.21 Other variables included self-report of cardiovascular disease (e.g.
myocardial infarction, angina pectoris), present or past history of smoking (yes/no), and
alcohol abuse (according to World Health Organization guidelines).22

Statistical analyses
Differences between obese and non-obese participants were analyzed using independent
samples t-test and χ2-tests. Two data transformations were used for the skewed distributions
of the Visual Verbal Learning Test (square root transformation) and the Concept Shifting
Test (logarithmic transformation). Random effects models tested the association between
obesity and change in cognition over time. We used two inverse probability weights to
reduce selection bias: 1) an attrition weight to correct for bias due to selective attrition
(e.g. inclusion of individuals with missing follow-up data); and 2) a sampling weight to
weight back the estimates to the population from which the MAAS sample was drawn
(Registration Network Family Practices database). The attrition weight was constructed
using a probit regression on being lost to follow-up at the 6 or 12 year assessment using
baseline values for age, gender, education, delayed recall score, depressive symptoms,
BMI, alcohol intake, smoking status, and presence of hypertension, cardiovascular disease
or diabetes as predictors. The sampling weight was based on a probit regression on the
likelihood of being sampled into MAAS from the Registration Network Family Practices
sampling frame using age, gender and level of occupational achievement as predictors.
The inverse of the probability was used in the analyses, so that participants who were less
likely to be sampled or to have follow-up scores were given more weight in the analyses.
The models included a random intercept and random slope with an unstructured
correlation matrix, as suggested by likelihood ratio tests. Interaction terms between
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obesity and a discrete time variable were included by using dummy variables for the
two follow-ups (1 = baseline to 6 years; 2 = baseline to 12 years). The obesity-by-time
interaction was tested using a χ2-test with 2 degrees of freedom. First, cognition scores
were adjusted for age, age2, sex, level of education, and obesity and time, while fullyadjusted model also included baseline alcohol intake, history of smoking, and current (i.e.
time-varying) hypertension, type 2 diabetes, depressive symptoms and cardiovascular
disease. Analyses were stratified by sex and age group (young: < 65 years; old: ≥ 65 years).
Since the results from crude models differed minimally (see Appendix 2), only the results
from fully adjusted models (Model 1 in Table 2 and Table 3) are presented. Tests were twosided with an alpha-level of 0.05 and were done in Stata 13.1 (StataCorp, TX).

RESULTS
Baseline characteristics are summarized in Table 1. Sixteen out of 1,823 participants were
excluded due to missing obesity data (n=7) or because they were underweight (n=9). Of
the remaining 1,807 participants, 545 (30%) persons were obese (BMI: n=329 (18%); WC:
n=494 (27%); both: n=278 (15%). They were on average older, more often female, and had
lower education, higher depression scores, and a history of hypertension, type 2 diabetes,
and cardiovascular disease than non-obese participants. Of the 1,262 participants without
baseline obesity, 238 participants were excluded due to missing obesity data at follow-up.
Of the remaining 1,024 participants, 190 (19%) persons had incident obesity at 6- or 12year follow-up. They were more often women and had a lower educational level.

Step 1: Baseline obesity and cognitive decline
Baseline cognition in participants with obesity did not differ from non-obese participants,
but the former declined faster in all three cognitive domains (Model 1 in Table 2).
Comparing slopes across time showed that this was dictated by an accelerated decline
from 6- to 12-year follow-up (memory: χ2=5.03; df=1; p=0.025; executive function: χ2=5.80;
df=1; p=0.016; processing speed χ2=11.82; df=1; p=0.001). In women, but not in men,
obesity was associated with a faster decline in all domains (See Appendix 3).

Step 2: Effect of age and age-related decline
In persons aged < 65 years at baseline, obesity was significantly associated with a faster
decline in processing speed, but not in memory or executive function. Baseline obesity
did not predict cognitive decline later in life (≥ 65 years) (see Appendix 4). To further
explore the effect of age, we adjusted for age-related variation in rate of cognitive
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decline by including an age-by-time interaction term in above analyses (Figure 1; Model
2 in Table 2). As expected, being older was associated with a faster decline in all three
cognitive domains, yet the association between obesity and cognitive decline became
non-significant, suggesting that the association of obesity and cognitive decline was due
to the fact that obese individuals tended to be older. The difference in effect estimates
between Model 1 and Model 2 (see Table 2) was substantial. For memory this led to 78%
decrease in the estimate, and for executive function and processing speed to a decrease
of 70% and 91%, respectively. The same phenomenon was found in women.
Table 1. Baseline characteristics of the study sample by obesity status at baseline and follow-up
Baseline obesity

5

Incident obesity

Variables

Yes,
n = 545

No,
n = 1,262

P-value

Yes,
n = 190

No,
n = 834

P-value

Age, mean (SD)

58.0 (15.0)

48.9 (16.2)

< 0.001

49.0 (15.5)

46.7 (14.9)

0.060

Male, n (%)

227 (41.7)

680 (53.9)

< 0.001

79 (41.6)

479 (57.4)

< 0.001

Educational level, n (%)
Low
Middle
High

263 (48.4)
201 (37.0)
80 (14.7)

397 (31.5)
536 (42.5)
328 (26.0)

< 0.001

69 (36.3)
73 (38.4)
48 (25.3)

229 (27.5)
376 (45.1)
229 (27.5)

0.049

BMI, mean (SD)

31.2 (3.9)

24.9 (2.5)

< 0.001

28.7 (2.4)

24.8 (2.4)

< 0.001

Waist circumference, mean (SD)

101.3 (9.1)

84.6 (9.6)

< 0.001

98.2 (7.3)

86.9 (9.1)

< 0.001

History of smoking, n (%)

346 (67.2)

791 (67.5)

0.901

107 (60.1)

518 (66.8)

0.093

Alcohol abuse, n (%)

14 (2.6)

37 (2.9)

0.669

1 (0.5)

25 (3.0)

0.051

Hypertension, n (%)

293 (53.8)

365 (28.9)

< 0.001

59 (31.1)

205 (24.6)

0.066

Type 2 diabetes, n (%)

35 (6.4)

33 (2.6)

< 0.001

4 (2.1)

16 (1.9)

0.867

Cardiovascular disease, n (%)

83 (15.2)

111 (8.8)

< 0.001

14 (7.4)

49 (5.9)

0.440

Depression score, mean (SD)

21.3 (6.8)

20.5 (6.1)

0.010

20.7 (5.7)

20.2 (5.8)

0.313

a

Abbreviations: BMI - Body Mass Index; SD - standard deviation.
a
Numbers of participants are expressed as percentages. Figures may not sum to 100% because of rounding
errors.
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0.21
-3.24
0.78
-1.80

-0.06
-0.06
0.01
-0.02

1.14
1.13
0.31
0.66

Memory
Model 1a
Youngc
Oldd
Model 2b

Executive function
Model 1
Young
Old
Model 2

Processing speed
Model 1
Young
Old
Model 2

0.19 to 2.09
-0.01 to 2.27
-1.32 to 1.93
-0.29 to 1.61

-0.16 to 0.05
-0.18 to 0.06
-0.19 to 0.21
-0.13 to 0.09

-5.13 to 5.55
-9.92 to 3.45
-7.80 to 9.36
-7.15 to 3.55

95%CI

-1.24
-0.76
0.08
-0.23

-0.01
0.00
-0.11
-0.04

-3.83
-1.25
-1.48
-0.68

Difference

-2.07 to -0.41
-1.55 to 0.03
-1.62 to 1.78
-1.03 to 0.56

-0.14 to 0.13
-0.15 to 0.14
-0.38 to 0.17
-0.18 to 0.10

-9.79 to 2.13
-8.39 to 5.90
-12.81 to 9.86
-7.01 to 5.65

95%CI

Rate of decline from baseline
to 6-year follow-up

-2.94
-1.68
0.64
-0.26

0.19
0.10
0.27
0.06

-12.42
-4.21
-7.33
-2.71

Difference

-4.15 to -1.72
-2.60 to -0.76
-2.74 to 4.03
-1.31 to 0.80

0.02 to 0.36
-0.09 to 0.28
-0.17 to 0.70
-0.12 to 0.23

-20.26 to -4.58
-12.56 to 4.14
-27.91 to 13.25
-10.64 to 5.23

95%CI

Rate of decline from baseline
to 12-year follow-up

22.35
12.72
0.16
0.37

6.30
1.27
2.70
1.29

9.64
1.00
0.49
0.47

Obesity x Time
χ2, 2 degrees of
freedom

< 0.001
0.002
0.925
0.833

0.043
0.529
0.259
0.524

0.008
0.606
0.783
0.793

P-value

Abbreviation: CI - confidence interval.
a
Model 1 (fully-adjusted): obesity, time, obesity x time, sex, age, age2, education, baseline smoking, baseline alcohol use, hypertension, type 2 diabetes, depressive symptoms,
and cardiovascular disease.
b
Model 2: Model 1 + age x time.
c
Young: < 65 years.
d
Old: ≥ 65 years.

Difference

Parameter

Baseline

Time

Table 2. Change in cognitive function over time in participants with baseline obesity (n = 545) and those without (n = 1,262)
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95

Predicted mean score (squared)
100
105
110
115
120

Memory

0

6
Follow-up (years)
No obesity

12
Obesity

5

2

Predicted mean score (logarithm)
2.2
2.4
2.6

2.8

Executive function

0

6
Follow-up (years)
No obesity

12
Obesity

44

Predicted mean score
46
48
50

52

Processing speed

0

6
Follow-up (years)
No obesity

12
Obesity

Figure 1. Cognitive trajectories of persons with baseline obesity (dotted line) and those without
baseline obesity (solid line)
Adjusted for sex, age, age2, education, obesity x time, age x time, baseline smoking, baseline alcohol use, hypertension, type
2 diabetes, depressive symptoms, and cardiovascular disease (Model 2). For memory and processing speed, a higher score
indicates better performance. For executive function, a lower score indicates better performance. Predicted mean scores are
estimated marginal means of time by obesity status (obesity or no obesity) with all covariates fixed at their means.
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Step 3: Incident obesity and cognitive decline
Table 3 summarizes the results for the comparisons between participants with incident
obesity (n=190) and those with normal weight (n=834). For executive function, but not
for memory and processing speed, the former group performed worse at baseline but
showed less decline during the study period in comparison with healthy subjects (Model
1 in Table 3). Sex-stratified analyses showed no significant differences between males and
females.

Step 4: Effect of age and age-related decline
In persons aged <65 years, incident obesity was not associated with memory or processing
speed. For executive function, persons with incident obesity had lower scores at baseline
but showed less decline during the study period compared with healthy participants.
Obesity did not predict cognitive decline later in life (≥ 65 years) (Appendix 4). Adjusting
for the potential confounding effect of age on rate of decline in the total sample did not
change results: incident obese individuals had worse baseline scores but a less steep
decline than non-obese participants (Model 2 in Table 3 and Appendix 5). The difference
in effect estimates between Model 1 and Model 2 (see Table 3) was considerable. For
memory, the estimate was decreased by 26%, and for executive function and processing
speed this decrease was 10% and 70%, respectively.

Step 5: Predictive value of BMI versus WC
In order to compare the predictive value of BMI and WC, additional analyses for baseline
obesity were conducted. Obesity according to BMI predicted a faster decline in processing
speed (memory: χ2=3.77; df=2; p=0.152; executive function: χ2=2.97; df=2; p=0.226;
processing speed χ2=10.41; df=2; p=0.006). Obesity based on WC was associated with a
faster decline in all three cognitive domains (memory: χ2=9.88; df=2; p=0.007; executive
function: χ2=6.30; df=2; p=0.043; processing speed χ2=20.14; df=2; p<0.001). Again, after
adding the age-by-time interaction term, the effect of obesity on cognitive decline was no
longer significant for both measures.
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0.19
0.22
0.09
0.20

0.07
-0.57
2.24
-0.04

Executive function
Model 1
Young
Old
Model 2

Processing speed
Model 1
Young
Old
Model 2
-1.29 to 1.42
-2.01 to 0.88
-0.90 to 5.38
-1.37 to 1.29

0.05 to 0.34
0.06 to 0.38
-0.32 to 0.50
0.05 to 0.35

-6.90 to 8.97
-11.28 to 6.19
-5.08 to 29.43
-7.14 to 8.50

-0.51
-0.72
0.87
-0.37

-0.21
-0.17
-0.35
-0.21

-3.34
0.13
-12.58
-2.92

Difference

-1.43 to 0.41
-1.72 to 0.29
-1.05 to 2.80
-1.27 to 0.53

-0.37 to -0.04
-0.34 to 0.00
-0.79 to 0.10
-0.38 to -0.04

-11.80 to 5.12
-9.49 to 9.76
-28.62 to 3.47
-11.20 to 5.36

95%CI

Rate of decline from baseline
to 6-year follow-up

-0.59
-0.54
2.61
-0.18

-0.20
-0.24
-0.06
-0.22

-6.63
-1.90
-8.23
-4.91

Difference
1.51
0.20
2.44
0.95
6.76
6.44
2.34
7.40
1.37
2.00
2.30
0.67

-0.39 to -0.02
-0.43 to -0.05
-0.60 to 0.47
-0.41 to -0.04
-1.81 to 0.63
-1.65 to 0.57
-0.88 to 6.11
-1.22 to 0.86

Obesity x Time
χ2, 2 degrees of
freedom

-17.21 tot 3.95
-12.34 to 8.54
-38.33 to 21.88
-14.98 to 5.16

95%CI

Rate of decline from baseline
to 12-year follow-up

0.504
0.368
0.317
0.714

0.034
0.040
0.310
0.025

0.469
0.903
0.295
0.621

P-value

Abbreviation: CI - confidence interval.
a
Model 1 (fully-adjusted): obesity, time, obesity x time, sex, age, age2, education, baseline smoking, baseline alcohol use, hypertension, type 2 diabetes, depressive symptoms, and
cardiovascular disease.
b
Model 2: Model 1 + age x time.
c
Young: < 65 years.
d
Old: ≥ 65 years.

1.04
-2.55
12.17
0.68

95%CI

Baseline

Difference

Memory
Model 1a
Youngc
Oldd
Model 2b

Parameter

Time

Table 3. Change in cognitive function over time in participants with incident obesity (n = 190) and those without (n = 834)
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Step 6: Effect of chronic obesity
To investigate the effects of being obese over a short or a longer period of time we
compared persons who were not obese during the study period with two groups: (1)
persons who were obese at baseline but not at follow-up (n=74); and (2) persons who
were obese both at baseline and follow-up (n=342). Individual who were obese only at
follow-up (incident obesity) were excluded from this analysis. Compared to non-obese
participants, the first group showed a decline in all three cognitive domains, whereas
the second group showed decline in memory and processing speed, but not executive
function. Again, after adding the age-by-time interaction to the model the associations
were no longer significant.

Step 7: Testing for non-linear associations between baseline BMI and
cognition
Finally, we tested for the presence of linear and quadratic (U-shaped) associations
between baseline BMI and cognition, re-entering the nine participants with a BMI < 18.5.
There was no association for executive function (quadratic: χ2=0.56; df=2; p=0.755; linear:
χ2=0.80; df=2; p=0.670). For memory, a quadratic next to a linear association was observed
(quadratic: χ2=13.97; df=2; p=0.001; linear: χ2=16.17; df=2; p<0.001). For processing speed,
we only observed a significant linear relation (quadratic: χ2=4.65; df=2; p=0.098; linear:
χ2=7.92; df=2; p=0.019). After adding the age-by-time interaction term, the associations
for memory were still present. Figure 2 shows the rate of change over twelve year as a
function of baseline BMI. The graph suggests a very modest linear decline from the
lowest observed baseline BMI of 17 to BMI of 30, followed by a J-shaped trajectory with
increasing BMI. Sensitivity analyses suggested that these effects were driven by a very
small number of subjects in the lower and upper extremes of BMI with the severely obese
group (BMI ≥ 40; n=5) showing a significant improvement in memory over the 12-year
follow-up in comparison with the healthy weight group (p<0.001). They were older, more
often women and had a lower educational level. In addition, they all showed a decrease
in bodyweight during the study period. Persons with a BMI between 25 and 35 showed
the smallest improvement in memory. When participants with a baseline BMI ≥ 40 were
excluded, no significant linear (p=0.129) or quadratic (p=0.192) effects of BMI on rate of
change were observed. One participant had a remarkably high baseline BMI value (>
50) and also performed poor on all cognitive tests, but exclusion of this participant in
sensitivity analyses showed no substantial influence on the analyses.
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Figure 2. Change in memory performance from baseline to 12-year follow-up
Adjusted for sex, age, age2, education, Body Mass Index and time, Body Mass Index2 x time, age x time, baseline smoking,
baseline alcohol use, hypertension, type 2 diabetes, depressive symptoms, and cardiovascular disease (Model 2).

DISCUSSION
The present study investigated the association between baseline and incident obesity and
cognitive decline over a 12-year follow-up period and potential differences in outcome
that are due to methodological choices. Overall, results suggest that age and differences
in rate of decline across the adult age range confounded the association between obesity
and cognitive decline in this sample.
Initial results were largely congruent with previous reports: baseline (i.e. prevalent)
obesity was associated with decline in memory, executive function, and processing speed
independently of other cardiovascular risk factors, and more evidently in midlife (< 65
years at baseline). Persons who developed obesity during the study period (incident
obesity) seemed to perform worse on executive function at baseline but showed less
decline during the study period in comparison with healthy subjects. In addition, WC as
a measure of obesity showed stronger and more widespread association with cognitive
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decline than BMI. However, age-stratification nullified most of the associations. Additional
analyses clarified that being older was associated with being obese at baseline or followup and a faster cognitive decline. Adjusting for these age-dependent differences in
cognitive decline (in models that already adjusted the slope for obesity-related cognitive
decline for linear and squared age effects), the associations of obesity and decline
were no longer significant. An isolated effect was observed in the form of a curvilinear
association between BMI and 12-year change in memory. Initial decline in memory from a
healthy bodyweight (BMI from 18.5 to 25) to obesity (BMI ≥ 30) was followed by memory
improvement, but the association was driven by a very small number (n=5) of severely
obese persons. It was remarkably that all these persons show a decrease in bodyweight
during the study period. Possibly, underlying lifestyle changes are responsible for weight
loss and improvement in memory. Unfortunately, we were unable to explore this further.
Several studies investigated the association between obesity and cognition or dementia
risk longitudinally.7,23 The general notion is that of lower cognitive functioning and
an increased risk of dementia in obese subjects, but the found associations are in fact
rather inconclusive.7,23 Out of 14 studies published between October 2009 and December
2012, 7 showed an increased risk for cognitive impairment or dementia, while 2 showed
a decreased risk and 5 showed no significant association.7 What is more, four recent
studies found that obese persons have a lower dementia risk than people with a healthy
weight.8-11 Results might be inconclusive due to methodological differences (e.g. followup duration, number of participant, measure of cognition/dementia, measure of obesity,
obesity cut-offs). In the present study, the associations varied considerably as a function
of age-range and sex of the cohort, and the choice of how to measure obesity. In addition,
similar prospective studies like the present one found significant associations between
midlife overweight/obesity and cognitive functioning in late-life, but they did not adjust
for the confounding effect of age on rate of cognitive decline.24-26 A biological plausible
mechanism that links obesity to cognitive impairment still is unknown, even though
various pathways have been identified that could play a role in this complex relation.
First, obesity is associated with neuroendocrine disturbances, increased presence of
adipokines, enhanced pro-inflammatory markers, and hormonal abnormalities, which
have deleterious effects on cognition-related brain structures27,28 by leading to cerebral
atrophy, white matter abnormalities, and damage to the blood-brain barrier.25,28-31
Second, obesity is linked to several cardiovascular diseases and diabetes, which, in turn,
are associated with an increased risk of cognitive impairment,7,30,32 and obesity and
metabolic abnormalities might have cumulative effects on cognitive decline.33 Third,
there appears to be a bidirectional relation between obesity and cognition: obese persons
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have an increased risk of developing cognitive impairment,7,23 while individuals with low
cognitive capacities earlier in life have an increased risk of becoming obese later (reverse
causality).34 Obviously, more prospective studies on obesity-related brain changes and
their correlations with cognitive decline are needed. Given the present results, such
studies should look at both low and high BMI, or both under- and overweight, while
carefully studying potential age-related effects.
The strengths of our study include the large sample size across the whole adult age
range, the prospective design, serial assessments of obesity and cognitive functioning
with a comprehensive neuropsychological test battery, and the availability of relevant
covariates. Yet, a number of limitations should be mentioned. First, older participants with
multiple comorbidities were more likely to drop out of the study. This could have resulted
in an underestimation of the association between obesity and cognition in general,
and in individuals aged ≥ 65 years in particular. This is an unfortunate but common
phenomenon in aging studies. By choosing random effects models that included
covariates related to attrition and using additional attrition weights, we aimed to reduce
selection bias. Second, as no information on cholesterol, physical activity, diet, medicine
intake and illegal substance abuse was available in MAAS, we were not able to control for
these factors. For instance, some studies suggest that dietary factors influence cognitive
abilities and that dietary patterns might partly explain the relationship between obesity
and lower cognitive functioning.35,36 Additionally, future public health policies should
focus on healthy diet through nutritional education to reduce the increasing prevalence
of obesity.37 Third, some of the covariates were assessed by self-report, which may have
led to non-differential misclassification. Fourth, due to the non-experimental design of
this study we are not able to make causal statements about the relationship between
obesity and cognitive decline. The purpose of our explorative analyses was to investigate
the influence of a range of methodological choices. For that reason, we did not correct
for multiple testing, since this would reduce the chance to find an effect. Fifth, due to
insufficient power we were not able to investigate the possible association between
underweight (n=9) and cognitive change. A recent retrospective study found that people
who are underweight had an increased risk of dementia.11 This is partly consistent with
our finding of a quadratic association between BMI and decline in memory.
This study indicates that the association between obesity and cognitive decline is not
at all straightforward and may be highly dependent on methodological choices made
during study design and data analysis. In MAAS, a strong confounding effect of age on
rate of decline was present. Adjusting for age-differences in cognitive test scores per wave
(i.e. not including a term for the interaction with time in linear mixed models) could not
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control for this. Future studies need to take this into account. Albeit less of an issue if
dementia or other binary outcomes are studied, it might be favorable to use age as the
time axis to control more rigorously for ageing effects in time-to-event or incidence rates.
Also, more studies are needed that investigate biological plausible pathways as well as the
complex association between obesity (and BMI and WC) and cognition, leaving room for
non-linear relationships and mediating and moderating factors, in order to inform about
the probability of obesity being a causal risk factor for decline.
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APPENDIX 1: Flow-chart of the study design
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-0.07
-0.06
-0.02
-0.03

0.90
0.84
0.41
0.47

Executive function
Model 1
Young
Old
Model 2

Processing speed
Model 1
Young
Old
Model 2
-0.02 to 1.83
-0.28 to 1.96
-1.15 to 1.97
-0.45 to 1.40

-0.17 to 0.03
-0.17 to 0.06
-0.21 to 0.16
-0.13 to 0.07

-5.68 to 4.72
-10.41 to 2.54
-8.46 to 8.31
-7.47 to 2.94

-1.30
-0.72
-0.16
-0.30

0.02
0.02
-0.06
-0.01

-3.46
-1.65
-0.71
-0.72

a

Abbreviation: CI - confidence interval.
Model 1 (crude): obesity, time, obesity x time, sex, age, age2, education.
b
Model 2: Model 1 + age x time.
c
Young: < 65 years.
d
Old: ≥ 65 years.

-0.48
-3.93
-0.07
-2.26

-2.11 to -0.49
-1.49 to 0.04
-1.83 to 1.52
-1.07 to 0.47

-0.11 to 0.15
-0.12 to 0.16
-0.33 to 0.20
-0.15 to 0.13

-9.27 to 2.34
-8.62 to 5.32
-11.81 to 10.40
-6.90 to 5.46

95%CI

Difference

95%CI

Difference

Memory
Model 1a
Youngc
Oldd
Model 2b

Parameter

Rate of decline from baseline
to 6-year follow-up

Baseline

-2.92
-1.59
0.31
-0.30

0.19
0.12
0.19
0.07

-12.18
-4.60
-6.51
-2.84

Difference

-4.11 to -1.72
-2.49 to -0.68
-3.02 to 3.63
-1.33 to 0.73

0.03 to 0.36
-0.06 to 0.29
-0.22 to 0.61
-0.10 to 0.24

-19.80 to -4.56
-12.76 to 3.55
-26.45 to 13.43
-10.56 to 4.87

95%CI

Rate of decline from baseline
to 12-year follow-up

22.97
11.78
0.15
0.61

6.18
1.70
1.38
0.95

9.83
1.23
0.43
0.54

Obesity x
Time
χ2, 2 degrees
of freedom

Table 1. Change in cognitive function over time in participants with baseline obesity (n = 545) and those without (n = 1,262)

APPENDIX 2: Results from the crude models (Table 1: baseline obesity; Table 2: incident obesity)

< 0.001
0.003
0.927
0.736

0.046
0.428
0.501
0.622

0.007
0.541
0.806
0.765

P-value
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-0.67
-4.72
11.73
-1.07

0.21
0.23
0.12
0.22

-0.07
-0.75
2.63
-0.19

Memory
Model 1a
Youngc
Oldd
Model 2b

Executive function
Model 1
Young
Old
Model 2

Processing speed
Model 1
Young
Old
Model 2
-1.45 to 1.31
-2.24 to 0.73
-0.50 to 5.77
-1.55 to 1.17

0.06 to 0.35
0.08 to 0.39
-0.25 to 0.49
0.07 to 0.37

-8.42 to 7.08
-13.33 to 3.89
-4.19 to 27.64
-8.72 to 6.59

95%CI

-0.44
-0.73
1.30
-0.28

-0.22
-0.19
-0.35
-0.23

-4.03
-1.05
-11.18
-3.55

Difference

-1.33 to 0.44
-1.70 to 0.25
-0.57 to 3.16
-1.15 to 0.59

-0.38 to -0.07
-0.36 to -0.03
-0.77 to 0.07
-0.39 to -0.07

-12.06 to 4.00
-10.23 to 8.13
-26.69 to 4.33
-11.45 to 4.35

95%CI

Rate of decline from baseline
to 6-year follow-up

Abbreviation: CI - confidence interval.
a
Model 1 (crude): obesity, time, obesity x time, sex, age, age2, education.
b
Model 2: Model 1 + age x time.
c
Young: < 65 years.
d
Old: ≥ 65 years.

Difference

Parameter

Baseline

-0.51
-0.54
3.42
-0.06

-0.22
-0.25
-0.15
-0.24

-7.34
-2.72
-8.58
-5.56

Difference
2.06
0.29
2.02
1.37
8.76
7.90
2.70
9.56
1.11
2.17
4.17
0.47

-0.40 to -0.04
-0.44 to -0.07
-0.65 to 0.35
-0.42 to -0.06
-1.70 to 0.67
-1.64 to 0.56
- 0.05 to 6.89
-1.09 to 0.96

Obesity x
Time
χ2, 2 degrees
of freedom

-17.47 to 2.78
-12.77 to 7.34
-37.29 to 20.14
-15.24 to 4.12

95%CI

Rate of decline from baseline
to 12-year follow-up

Table 2. Change in cognitive function over time in participants with incident obesity (n = 190) and those without (n = 834)

0.573
0.338
0.125
0.790

0.013
0.019
0.260
0.008

0.356
0.866
0.364
0.505

P-value
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Table 2: incident obesity (crude)
Table 4: incident obesity (fully-adjusted)

-5.49
3.50

0.00
-0.13

0.39
1.44

Memory
Men
Women

Executive function
Men
Women

Processing speed
Men
Women
-0.92 to 1.70
0.15 to 2.73

-0.15 to 0.15
-0.26 to 0.00

-12.53 to 1.54
-4.04 to 11.05

95%CI

-0.81
-1.69

0.09
-0.02

-6.96
-0.59

Difference

-1.93 to 0.31
-2.81 to -0.56

-0.07 to 0.25
-0.21 to 0.16

-14.84 to 0.93
-8.99 to 7.81

95%CI

Rate of decline from baseline to
6-year follow-up

Abbreviation: CI - confidence interval.
Model (crude): obesity, time, obesity x time, sex, age, age2, education.

Difference

Parameter

Baseline

Time

-2.04
-3.75

0.13
0.25

-4.94
-17.29

Difference

-3.68 to -0.39
-5.41to -2.10

-0.13 to 0.39
0.03 to 0.46

-14.64 to 4.77
-28.39 to -6.20

95%CI

Rate of decline from baseline to
12-year follow-up

5.91
19.78

1.45
7.38

3.03
11.17

Obesity x Time
χ2, 2 degrees
of freedom

Table 1. Change in cognitive function over time in participants with baseline obesity (n = 545) and those without (n = 1,262)

Table 1: baseline obesity (crude)			
Table 3: baseline obesity (fully-adjusted)		

APPENDIX 3: Results from the crude and fully-adjusted models for males and females

0.052
< 0.001

0.484
0.025

0.220
0.004

P-value
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0.28
0.17

-0.07
0.05
-0.10

Executive function
Men
Women

Processing speed
Total
Men
Women
-1.45 to 1.31
-2.06 to 2.16
-1.95 to 1.75

0.05 to 0.52
-0.02 to 0.36

-21.49 to 0.71
-3.39 to 17.61

95%CI

-0.44
-0.81
-0.30

-0.31
-0.18

-3.70
-3.69

Difference

-1.33 to 0.44
-2.10 to 0.49
-1.49 to 0.89

-0.56 to -0.06
-0.39 to 0.04

-15.33 to 7.92
-15.04 to 7.66

95%CI

Rate of decline from baseline to
6-year follow-up

Abbreviation: CI - confidence interval.
Model (crude): obesity, time, obesity x time, sex, age, age2, education.

-10.39
7.11

Difference

Memory
Men
Women

Parameter

Baseline

Time

-0.51
-0.26
-1.01

-0.34
-0.12

-8.40
-7.86

Difference
1.40
1.14
7.54
2.67
1.11
1.64
1.58

-0.64 to -0.05
-0.34 to 0.11
-1.70 to 0.67
-2.00 to 1.47
-2.62 to 0.59

Obesity x Time
χ2, 2 degrees
of freedom

-22.34 to 5.54
-22.31 to 6.59

95%CI

Rate of decline from baseline to
12-year follow-up

Table 2. Change in cognitive function over time in participants with incident obesity (n = 190) and those without (n = 834)

0.573
0.441
0.454

0.023
0.263

0.496
0.567

P-value
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0.03
-0.13

0.17
2.15

Executive function
Men
Women

Processing speed
Men
Women
-1.19 to 1.53
0.82 to 3.49

-0.12 to 0.19
-0.27 to 0.01

-13.37 to 1.22
-1.89 to 13.70

95%CI

-0.62
-1.70

0.06
-0.05

-6.65
-1.72

Difference

-1.73 to 0.49
-2.86 to -0.55

-0.11 to 0.22
-0.25 to 0.14

-14.72 to 1.42
-10.33 to 6.90

95%CI

Rate of decline from baseline to
6-year follow-up

-1.93
-3.82

0.11
0.24

-5.48
-17.92

Difference

-3.57 to -0.30
-5.52 to -2.11

-0.16 to 0.38
0.01 to 0.47

-15.34 to 4.38
-29.39 to -6.44

95%CI

Rate of decline from baseline to
12-year follow-up

5.49
19.29

0.74
7.53

2.71
10.66

Obesity x Time
χ2, 2 degrees
of freedom

0.064
< 0.001

0.689
0.023

0.258
0.005

P-value

Abbreviation: CI - confidence interval.
Model (fully-adjusted): obesity, time, obesity x time, sex, age, age2, education, baseline smoking, baseline alcohol use, hypertension, type 2 diabetes, depressive symptoms, and
cardiovascular disease.

-6.08
5.91

Difference

Memory
Men
Women

Parameter

Baseline

Time

Table 3. Change in cognitive function over time in participants with baseline obesity (n = 545) and those without (n = 1,262)
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0.24
0.18

0.26
-0.01

Executive function
Men
Women

Processing speed
Men
Women
-1.84 to 2.36
-1.84 to 1.82

0.00 to 0.48
-0.02 to 0.37

-16.88 to 5.88
-4.44 to 17.46

95%CI

-0.73
-0.47

-0.25
-0.18

-4.80
-1.86

Difference

-2.10 to 0.64
-1.70 to 0.75

-0.52 to 0.01
-0.40 to 0.04

-17.23 to 7.63
-13.66 to 9.95

95%CI

Rate of decline from baseline to
6-year follow-up

-0.22
-1.13

-0.31
-0.11

-8.54
-6.65

Difference
1.32
0.81
5.12
2.66
1.19
1.84

-0.62 to 0.00
-0.35 to 0.13
-2.03 to 1.58
-2.77 to 0.51

Obesity x Time
χ2, 2 degrees
of freedom

-23.11 to 6.03
-21.70 to 8.40

95%CI

Rate of decline from baseline to
12-year follow-up

0.552
0.399

0.077
0.265

0.516
0.667

P-value

Abbreviation: CI - confidence interval.
Model (fully-adjusted): obesity, time, obesity x time, sex, age, age2, education, baseline smoking, baseline alcohol use, hypertension, type 2 diabetes, depressive symptoms, and
cardiovascular disease.

-5.50
6.51

Difference

Memory
Men
Women

Parameter

Baseline

Time

Table 4. Change in cognitive function over time in participants with incident obesity (n = 190) and those without (n = 834)
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Figure 1: Cognitive trajectories of persons aged < 65 years with baseline obesity at year 6 or 12 (dotted line) and those without
baseline obesity (solid line).
Figure 2: Cognitive trajectories of persons aged ≥ 65 years with baseline obesity at year 6 or 12 (dotted line) and those without
baseline obesity (solid line).
Figure 3: Cognitive trajectories of persons aged < 65 years with incident obesity at year 6 or 12 (dotted line) and those without
incident obesity (solid line).
Figure 4: Cognitive trajectories of persons aged ≥ 65 years with incident obesity at year 6 or 12 (dotted line) and those without
incident obesity (solid line).

APPENDIX 4: Cognitive trajectories by age group (< 65 versus ≥ 65 years) and obesity status (baseline versus
incident)
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Adjusted for sex, age, age2, education, obesity x time, baseline smoking, baseline
alcohol use, hypertension, type 2 diabetes, depressive symptoms, and cardiovascular
disease (Model 1). For memory and processing speed, a higher score indicates better
performance. For executive function, a lower score indicates better performance.
Predicted mean scores are estimated marginal means of time by obesity status (obesity
or no obesity) with all covariates fixed at their means.

Figure 1. Cognitive trajectories of persons aged < 65 with baseline
obesity (dotted line) and those without baseline obesity (solid line)
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Adjusted for sex, age, age2, education, obesity x time, baseline smoking, baseline
alcohol use, hypertension, type 2 diabetes, depressive symptoms, and cardiovascular
disease (Model 1). For memory and processing speed, a higher score indicates better
performance. For executive function, a lower score indicates better performance.
Predicted mean scores are estimated marginal means of time by obesity status (obesity
or no obesity) with all covariates fixed at their means.

Figure 2. Cognitive trajectories of persons aged ≥ 65 with baseline
obesity (dotted line) and those without baseline obesity (solid line)
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Adjusted for sex, age, age2, education, obesity x time, baseline smoking, baseline
alcohol use, hypertension, type 2 diabetes, depressive symptoms, and cardiovascular
disease (Model 1). For memory and processing speed, a higher score indicates better
performance. For executive function, a lower score indicates better performance.
Predicted mean scores are estimated marginal means of time by obesity status (obesity
or no obesity) with all covariates fixed at their means.

Figure 3. Cognitive trajectories of persons aged < 65 with incident
obesity (dotted line) and those without incident obesity (solid line)
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Adjusted for sex, age, age2, education, obesity x time, baseline smoking, baseline
alcohol use, hypertension, type 2 diabetes, depressive symptoms, and cardiovascular
disease (Model 1). For memory and processing speed, a higher score indicates better
performance. For executive function, a lower score indicates better performance.
Predicted mean scores are estimated marginal means of time by obesity status (obesity
or no obesity) with all covariates fixed at their means.

Figure 4. Cognitive trajectories of persons aged ≥ 65 with incident
obesity (dotted line) and those without incident obesity (solid line)
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performance. Predicted mean scores are estimated marginal means of time by obesity
status (obesity or no obesity) with all covariates fixed at their means.
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APPENDIX 5: Cognitive trajectories of persons with incident obesity at year 6 or 12 (dotted line) and those without incident
obesity (solid line)
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CHAPTER 6

ABSTRACT
Background: The LIfestyle for BRAin Health (LIBRA) score, developed based on a systematic
review and expert consensus study, reflects an individual’s dementia prevention potential
and is composed of 12 modifiable risk and protective factors. This study aimed to
examine the predictive accuracy of this compound score for dementia and mild cognitive
impairment (MCI) in midlife and late-life, and in individuals with high or low genetic risk
based on presence of the apolipoprotein (APOE) ε4 allele.
Methods: Participants in the Finnish Cardiovascular Risk Factors, Aging and Dementia
(CAIDE) population-based study were examined in midlife and twice in late-life up to 30
years later. Data on 11 LIBRA factors were available. The study population (participants/
survivors) included 1,024 individuals for associations with LIBRA in midlife (dementia
n=84, MCI n=151), and 604 individuals for associations with LIBRA in late-life (dementia
n=35, MCI n=108). Cox proportional hazard regression models were used.
Results: Higher midlife LIBRA score was related to higher risk of dementia (HR 1.31, 95%CI
1.17-1.46, C-statistic: 0.65) and MCI (HR 1.12, 95%CI 1.03-1.22, C-statistic: 0.58) up to 30
years later. Higher late-life LIBRA score was related to higher risk of MCI (HR 1.14, 95%CI
1.02-1.27, C-statistic: 0.60), but not dementia. Higher late-life LIBRA score was related to
higher dementia risk among APOE ε4 non-carriers. The LIBRA-APOE interaction was not
significant in midlife.
Conclusion: Findings emphasize the importance of modifiable risk and protective factors
for dementia prevention. The LIBRA score may be useful for educational/motivational
purposes by emphasizing areas amenable to preventive lifestyle measures, and for
identifying at-risk individuals who may benefit from lifestyle interventions.
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BACKGROUND
Dementia is one of the core challenges facing our ageing society.1 Prevention is
crucial given that there are no treatments available to stop or reverse dementia.2 Early
identification of persons at risk for dementia, preferably in midlife, makes it possible to
target specific risk factors in an early stage. Evidence-based preventive strategies focusing
on modifiable risk factors are urgently needed.3 Recently, the LIfestyle for BRAin Health
(LIBRA) score was developed based on a systematic review and expert consensus study.4
The LIBRA score reflects an individual’s prevention potential for dementia and consists
of twelve modifiable risk and protective factors that are promising targets for preventive
strategies. Since there are currently no dementia risk indices purely based on a compound
score of modifiable risk and protective factors, it is important to investigate the predictive
accuracy of this poly-environmental risk score for mild cognitive impairment (MCI) and
dementia in several cohort studies with e.g. different follow-up times, age bands, and risk
factor ascertainments in order to evaluate and validate the index objectively.5
Therefore, the overall aim of the present study is to investigate the predictive validity of
the LIBRA score in the longitudinal population-based Cardiovascular Risk Factors, Aging
and Dementia (CAIDE) study.6 The first aim is to investigate the performance of the LIBRA
score in midlife (40-50 years) and late life (65-79 years) in predicting the risk of subsequent
dementia and MCI. The second aim is to investigate potential differences between persons
with high and low genetic risk for dementia (apolipoprotein E (APOE) ε4 carriers versus
non-carriers) regarding the relations of the LIBRA score with dementia and MCI risk.

METHODS
The CAIDE study
CAIDE participants were randomly selected from four independent population-based
samples of the North Karelia Project and the FINMONICA study. Participants were
examined in midlife in 1972, 1977, 1982, or 1987.7-9 In 1998, a random sample of 2,000
individuals aged 65-79 years from the towns and surroundings of Kuopio and Joensuu
in Eastern Finland was invited for the first re-examination.6 Of these, 1,449 persons
(72.5%) participated. A second re-examination took place between 2005 and 2008. Of the
initial 2000 individuals, 1,426 were still alive and living in the target areas in 2005, and
909 (63.7%) attended the re-examination. In total, 1,511 participants attended at least
one re-examination, and 750 attended both re-examinations, with completed cognitive
assessments. Mean follow-up time (SD) from midlife was 20.9 (4.9) years until the first re-
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examination, and 28.9 (5.0) years until the second re-examination. The study was approved
by the local ethics committee of Kuopio University and Kuopio University Hospital, and
written informed consent was obtained from all participants.
In both re-examinations, cognitive status was assessed with a three-step protocol
(screening, clinical and differential diagnostic phase). Individuals scoring ≤ 24 on the
Mini-Mental State Examination (MMSE)10 at screening were referred for additional clinical
assessments. In 2005-2008, individuals with ≤ 24 points or decline ≥3 points on MMSE,
<70% delayed recall in the CERAD word list,11 or an informant expressing concerns about
the participant’s cognition were referred for more assessments. Both re-examinations had a
clinical phase with detailed neuropsychological and medical assessments, and a differential
diagnostic phase with blood tests, brain imaging (MRI/CT-scans), electrocardiogram and
if needed cerebrospinal fluid analysis. A review board consisting of a senior neurologist,
senior neuropsychologist, study physician and study neuropsychologist ascertained the
final diagnosis based on all available information. In both re-examinations, diagnosis of
MCI and dementia were made according to established criteria.12-14

Design of the present study
Midlife LIBRA score: the main study population included 1,024 CAIDE participants with
available data for the midlife LIBRA score, and who attended at least one re-examination
with completed cognitive assessments (see Appendix 1). Outcomes were incident
dementia (n=84) or MCI (n=151) as diagnosed at the CAIDE re-examination visits.
Secondary analyses were conducted in an extended study population (1,360 individuals)
additionally including non-survivors/non-participants at re-examinations. Outcome was
dementia (n=250) as diagnosed at CAIDE visits or recorded in Finnish national registers
(Hospital Discharge Register, Drug Reimbursement Register, and Causes of Death Register)
until the end of 2008. Due to lack of a specific International Classification of Disease (ICD)
code, MCI could not be ascertained from those registers. Dementia diagnoses in Finnish
national registers have been previously validated against CAIDE diagnoses.15
Late-life LIBRA score: the main study population included 604 individuals with available
1998 data for the late-life LIBRA score, who were cognitively normal at the 1998 reexamination (i.e. no dementia or MCI), and who returned for the 2005-2008 re-examination.
Outcomes were incident dementia (n=35) or MCI (n=108) as diagnosed at the 2005-2008
re-examination. Secondary analyses were conducted in an extended study population
(1,022 individuals) additionally including non-survivors/non-participants at the 20052008 re-examination who had been cognitively normal at the 1998 re-examination.
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Outcome was incident dementia (n=104) as diagnosed at CAIDE visits or recorded in
Finnish national registers until the end of 2008.

LIBRA score
The LIBRA score was developed after triangulation of results from a systematic literature
review on risk and protective factors for dementia and an expert consensus study,4 as
part of the European (FP7) INnovative, Midlife INtervention for Dementia Deterrence (InMINDD) project.16 It consists of twelve modifiable risk and protective factors that can be
targeted by tailored lifestyle interventions and primary prevention: physical inactivity,
smoking, (low-to-moderate) alcohol use, (high) cognitive activity, healthy diet, depression,
hypertension, obesity, diabetes, hypercholesterolemia, coronary heart disease, and renal
disease. A weight is assigned to each factor, based on the factor’s relative risk (Appendix
2).4 Weights are then standardised and summed up to yield the final LIBRA score (range
from -5.9 to +12.7), with higher scores indicating greater risk. A modified version of the
LIBRA score was developed for the purpose of validation in older cohorts. It consists of ten
factors, excluding the risk factors obesity and hypertension, since these are considered to
be major risk factors in midlife only.

LIBRA score assessment in the CAIDE study
At the midlife examination, assessments and survey methods were standardized
and adhered to international guidelines and the World Health Organization (WHO)
(Multinational MONItoring of trends and determinants in CArdiovascular disease) MONICA
protocol.17 CAIDE re-examination surveys were similar to midlife. Surveys involved selfadministered questionnaires on medical history, sociodemographic and psychological
factors, and health-related behaviors. A trained nurse verified the answers, and measured
height, weight and blood pressure. A venous blood sample was taken to determine
serum total cholesterol. APOE genotype was determined from blood leucocytes using
polymerase chain reaction and HhaI digestion18.
Data were available for 11 of the 12 LIBRA factors. No information on cognitive activity was
available. LIBRA factors were dichotomized based on previously used cut-offs (Appendix
2). Hypertension was defined as a systolic blood pressure ≥140 mmHg or diastolic blood
pressure ≥90 mmHg. Participants were classified as obese if their Body Mass Index
(BMI) exceeded 30 kg/m2. The cut-off point for hypercholesterolemia was ≥6.5 mmol/L.
Diabetes and coronary heart disease were based on self-reports of diagnoses made by a
physician, and diagnoses from the Finnish Hospital Discharge Register. Renal disease was
based solely on diagnoses from the Finnish Hospital Discharge Register. A cut-off point for
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depressive symptoms was created based on the sum scores of two questions related to
feelings of hopelessness (Appendix 2). Persons who engaged in physical activity at least
twice a week, lasting at least 20 to 30 minutes each occasion, and causing sweating and
breathlessness, were regarded as physically active. Low to moderate alcohol consumption
was based on categorized frequency of alcohol use. For smoking, participants were
divided into ever- and never-smokers. Since information on diet was available for only
a small group of approximately 240 participants in midlife, analyses including diet were
conducted separately. Adherence to a healthy diet was based on previously used cut-offs
of the CAIDE Healthy Diet Index.19

Statistical analyses
To examine differences in risk factors and demographic variables between participants
with subsequent dementia, MCI and controls, one-way analysis-of-variance (ANOVA)
and χ2-tests were used. Cox proportional hazard regression models were used to test
associations between the LIBRA score and dementia or MCI risk. Harrell’s concordance rate
(C statistic) for censored data was calculated to examine predictive accuracy. Model 1 was
unadjusted (except for age as the time scale, see below), and Model 2 was adjusted for
the covariates sex and education. In addition, we tested for an interaction between LIBRA
score and APOE genotype (ε4 carriers versus non-carriers). All analyses were done in Stata
14 (StataCorp, TX) and the level of statistical significance was p < 0.05.
Midlife LIBRA: stcox was used, with age as time scale and midlife age as origin. In the
main study population (participants/survivors), age was measured at the first dementia
diagnosis in CAIDE re-examinations, or end of study (date of last available CAIDE reexamination). The same approach was used in analyses with MCI as outcome (i.e.
considering date of first MCI diagnosis). In the extended study population (including also
non-participants/non-survivors), age was measured at the first dementia diagnosis (in
CAIDE or registers), or date of death, or end of study (second CAIDE re-examination in
2005-2008 for participants in this re-examination, or December 31, 2008 for the remaining
population).
Late-life LIBRA: stcox was used, with age as time scale and age in 1998 as origin. In the
main study population, age was measured at the 2005-2008 CAIDE re-examination. In the
extended study population, age was measured at the first dementia diagnosis after 1998
(in CAIDE or registers), or date of death, or end of study (second CAIDE re-examination in
2005-2008 for participants in this re-examination, or December 31, 2008 for the remaining
population). Participants without cognitive impairment in 1998 who had a dementia
diagnosis in any register before 2000 were excluded (i.e. they were too close to dementia
onset).
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RESULTS
Population characteristics
Characteristics of the main and extended study populations are shown in Table 1. As
expected, individuals with dementia were older, had a lower education level and were
more often APOE ε4 carriers (all p<0.01). Sex distribution was not significantly different
between diagnostic groups.
Midlife LIBRA score was higher in participants who subsequently developed dementia
in both main and extended study populations (Table 1). Among LIBRA components,
elevated systolic and diastolic blood pressure / hypertension, high BMI / obesity and high
cholesterol were significantly more common among the subsequent dementia group. A
similar pattern was observed in the extended population, where the subsequent dementia
group also had higher midlife LIBRA score with diet included.
Differences in late-life LIBRA score between diagnostic groups were less pronounced.
In the main population, the subsequent dementia group included a higher percentage
of individuals with coronary heart disease, a lower percentage of individuals with
hypertension, and had lower blood pressure levels (Table 1). There were no significant
differences between dementia and control groups in LIBRA score and components in the
extended study population.

Midlife LIBRA, dementia and MCI
Performance of the LIBRA score in predicting subsequent dementia or MCI is shown in
Table 2 (continuous LIBRA score), Appendix 3 and Figure 1 (quartiles of LIBRA score).
Higher midlife LIBRA score was significantly related to elevated dementia risk in both
main (HR: 1.27, 95%CI 1.13-1.43; C-statistic: 0.67) and extended (HR: 1.13, 95%CI 1.05-1.21;
C-statistic: 0.58) study populations. In addition, higher midlife LIBRA score was significantly
associated with elevated MCI risk (HR: 1.12, 95%CI 1.03-1.22; C-statistic: 0.58), but not after
adjustment for sex and education (HR: 1.05, 95%CI 0.97-1.16; C-statistic: 0.65) (Table 2).
In the small group of participants with available midlife diet data, the LIBRA score including
diet was significantly related to dementia risk in the extended study population, but not
main population or MCI risk, although C-statistic values increased (Table 2).
No significant interactions between midlife LIBRA score and APOE ε4 carrier status were
found in any of the models (results not shown).
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781/145/81

Education (Years)

APOE4 carriers

793/147/84

793/147/84

793/147/84

793/147/84
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SBP (mmHg)

DBP (mmHg)

BMI

793/147/84

184/35/20

793/147/84

793/147/84

793/147/84

793/147/84

793/147/84

793/147/84

793/147/84

793/147/84

793/147/84

793/147/84

LIBRA score

LIBRA score including diet

Low/Moderate alcohol
consumption

Smoking

Physical inactivity

Depression

Coronary heart disease

Diabetes mellitus

High cholesterol

Obesity

Hypertension

Chronic kidney disease

LIBRA score and components

793/147/84

Age

MIDLIFE

793/147/84

Sex (Women)

n (Control/
MCI/ Dementia)

0%

63.7%

11.7%

52.8%

0.8%

4.8%

8.7%

60.1%

47.0%

43.6%

2.6 (2.2)

3.1 (1.8)

26.0 (3.5)

89.6 (10.6)

142.3 (18.8)

6.7 (1.2)

47.8 (4.7)

33.9%

8.9 (3.5)

61.0%

Control

0%

63.3%

13.6%

60.5%

0.7%

6.1%

12.9%

58.5%

40.8%

35.4%

2.9 (1.8)

3.3 (1.6)

26.7 (3.6)

90.7 (10.7)

144.6 (22.1)

6.9 (1.1)

48.2 (4.8)

37.2%

7.8 (2.7)

60.5%

MCI

Main study population

Table 1. Characteristics of the main and extended study populations

0%

80.9%

25.0%

65.5%

0.0%

4.8%

13.1%

69.0%

42.86

38.1%

3.6 (2.1)

4.0 (2.1)

27.2 (3.9)
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8.0 (3.5)
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Dementia

-

<0.01

<0.01

<0.05

0.73

0.79

0.15

0.24

0.32

0.13

0.13

<0.001

<0.01

<0.01

<0.01

0.39

<0.001

<0.01
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0.89

p

(Control/
Dementia)
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867/171
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n

0%

67.7%

14.1%

54.6%

1.1%

5.8%

10.6%

60.6%

47.7%

41.4%

2.7 (2.0)

3.3 (0.5)

26.3 (0.1)

90.5 (0.3)

144.3 (0.6)

6.8 (0.0)

48.0 (0.1)

32.6%

8.6 (0.1)

61.3%

Control

0%

72.8%

20.8%

67.6%

1.2%

3.6%

12.8%

64.0%

41.2%

37.6%

3.7 (2.3)

3.7 (0.1)

26.9 (0.2)

92.0 (0.7)

147.7 (1.3)

7.0 (0.0)
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7.9 (0.2)
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Dementia

Extended study population

-

0.11
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<0.001
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0.17
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0.06
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<0.01

0.30

p
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461/108/35

461/108/35
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461/108/35

461/108/35
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461/108/35
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Low/Moderate alcohol
consumption

Smoking

Physical inactivity

Depression

Coronary heart disease

Diabetes mellitus

High cholesterol

Obesity

Hypertension

Chronic kidney disease

0%

69.4%

22.6%

24.3%

8.5%

25.4%

7.6%

17.6%

35.4%

38.0%

2.7 (1.7)

27.6 (3.9)

81.3 (10.6)

150.5 (22.9)

5.8 (1.0)

69.8 (3.4)

43.5%

Control

0%

76.8%
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20.4%
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11.1%
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0%

48.6%
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11.4%

45.7%

17.1%

25.7%

31.43%
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2.8 (1.9)

26.7 (4.0)
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5.5 (1.1)

72.4 (4.3)
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-

< 0.01

0.10

0.55

0.62
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0.10
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0.78

0.31

0.05
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<0.05
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<0.001

0.27

p

70.7 (0.1)
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31.0%
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43.2%
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n

0%

65.4%

22.1%
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11.5%
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12.5%

25.7%
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66.3%

3.1 (0.2)

27.0 (0.4)

79.6 (1.1)

151.4 (2.6)

5.8 (0.0)

73.0 (0.4)

37.0%

Dementia

Extended study population

-

0.38

0.66

0.24

0.63

0.18

0.31

0.43

0.88

0.64

0.36

0.14

0.36

0.96

0.70

<0.001

0.41

p

Abbreviations: APOE, apolipoprotein; BMI, body mass index; DBP, diastolic blood pressure; LIBRA, LIfestyle for BRAin health; MCI, mild cognitive impairment; SBP,
systolic blood pressure.
Values are means (SD) unless otherwise specified.

461/108/35

LIBRA score

LIBRA score and components

461/108/35

Total Cholesterol (mmol/l)

184/35/20

Age

LATE-LIFE (1998)

Healthy diet

n (Control/
MCI/ Dementia)

Main study population
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95% CI
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-
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-

-
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1.02-1.27

-

-

-

-
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0.97-1.16
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Abbreviations: APOE, apolipoprotein; CI, confidence interval; HR, hazard ratio; LIBRA, LIfestyle for BRAin health; MCI, mild cognitive impairment.
a
Model 1 is the unadjusted cox regression model (age as time scale and baseline age as origin).
b
Model 2 is the cox regression model adjusted for sex and education (age as time scale and baseline age as origin).
*Values are statistically significant (p<0.05).
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Late-life LIBRA, dementia and MCI
Late-life LIBRA score was not significantly related to dementia in either main or extended
population. However, higher late-life LIBRA score was significantly associated with MCI
risk (HR: 1.11, 95%CI 1.00-1.25; C-statistic: 0.63). Significant interactions between late-life
LIBRA score and APOE ε4 carrier status were found in relation to dementia risk (p=0.011
in main population; p=0.025 in extended population). In the main population, HR (95%
CI) for dementia were 1.26 (0.96-1.64) among non-carriers, and 0.73 (0.53-1.01) among
carriers, and in the extended population these were 1.19 (1.04-1.37) among non-carriers
and 0.94 (0.80-1.09) among carriers. No significant interactions between late-life LIBRA
score and APOE ε4 carrier status were found in relation to MCI risk.
In late-life, higher modified LIBRA scores (excluding midlife risk factors obesity and
hypertension) were significant associated with dementia in the extended population
(HR: 1.17, 95%CI 1.03-1.33), but not in the main population (HR: 1.22, 95%CI 0.97-1.53).
No significant associations were found for MCI (data not shown). Additionally, significant
interactions between modified late-life LIBRA score and APOE ε4 carrier status were only
found in relation to dementia risk (data not shown).

DISCUSSION
In a general Finnish population, higher midlife LIBRA score was related to higher risk of
developing dementia or MCI up to 30 years later. Higher late-life LIBRA score was related
to higher risk of MCI up to 10 years later and to higher dementia risk, though the latter was
restricted to APOE ε4 non-carriers. These findings emphasize the role of modifiable risk
factors in the development of MCI and dementia, and the potential usefulness of LIBRA as
a tool for facilitating preventive strategies.
The LIBRA score was designed to reflect an individual’s prevention potential for dementia,
and thus focuses exclusively on modifiable risk/protective factors, yielding a weighted
sum score. Available dementia / MCI risk scores have usually combined modifiable risk/
protective factors with e.g. age, sex, formal education, cognitive performance and/or
other biomarkers.5 Age and education are strong risk factors for dementia and usually
have the highest weights in risk scores they are part of. It is perhaps not surprising that
the dementia predictive performance of the LIBRA score was lower than C-statistic or
AUC values reported for such risk scores (e.g. 0.75-0.77 for the validated midlife CAIDE
Dementia Risk Score versus 0.65 for midlife LIBRA score in the present study). The C-statistic
improved after adding diet to the LIBRA score, although the small number of participants
with midlife diet data, and lack of late-life diet data limited these analyses. The lack of
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data on cognitive activity in the present study may also have affected the LIBRA score
predictive performance, given the growing evidence that high engagement in cognitive
activities is associated with lower risk for cognitive impairment or dementia.4
Higher midlife LIBRA score was significantly related to higher dementia risk even after
taking age, education and sex into account, thus emphasizing the importance of
modifiable lifestyle and vascular/metabolic factors for dementia risk, and the importance
of early preventive strategies. Given the low public awareness about links between such
modifiable factors and dementia risk,20,21 the LIBRA score could be useful for educational
and motivational purposes to facilitate lifestyle changes for healthy cognitive aging and
dementia prevention. An ongoing 6-month feasibility trial is using the LIBRA score to
provide middle-aged individuals in primary care with a personalized profile highlighting
areas of already healthy behaviors (to facilitate maintenance), areas of unhealthy behaviors
(to facilitate change), and chronic vascular/metabolic conditions (to facilitate appropriate
management).16 Due to the focus on factors that are easily amenable to interventions,
participants can set specific personal goals and self-monitor progress.16
In the present study, performance of the midlife LIBRA score was better than the
performance of the late-life LIBRA score, suggesting that the significance of modifiable
risk factors for dementia/MCI may be different in midlife compared with older ages. This
is in line with previous studies showing that dementia risk scores based on midlife risk
profiles tend to perform less well in older populations.5,22 For example, important midlife
vascular risk factors such as hypertension, obesity or hypercholesterolemia tend to be less
predictive for dementia at older ages, and some late-life risk scores have even included low
blood pressure and/or low BMI as predictors.5 Blood pressure, BMI and cholesterol tend
to decline from midlife to late-life in people who develop dementia later on, although the
exact mechanisms are not fully clear.23 Such changes during the long pre-clinical phase
of dementia-related diseases are also a major challenge for longer-term dementia risk
monitoring.
The midlife LIBRA score performed better in predicting dementia risk than MCI risk. This
is perhaps not surprising considering the notable heterogeneity of MCI as defined by
older criteria in use at the time of the CAIDE visits. The performance of the late-life LIBRA
score in predicting MCI risk (C statistic 0.60) was similar to the basic prediction model
developed in the Mayo Clinic Study of Aging, including education and self-reported
memory complaints together with several lifestyle and vascular factors.24
While the associations of the midlife LIBRA score with dementia or MCI risk were not
influenced by the APOE ε4 allele in the present study, a significant interaction with APOE
ε4 carrier status was found for late-life LIBRA index in relation to dementia risk. Higher
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late-life LIBRA score was associated with elevated dementia risk particularly among noncarriers. While some midlife lifestyle/vascular risk factors have been reported to have a
more pronounced detrimental impact on dementia risk among APOE ε4 carriers compared
with non-carriers,23 it is possible that the impact of such risk factors among carriers may
become less pronounced at older ages. APOE ε4 carriers who survive and do not develop
dementia until after the age of 75-80 years represent a highly selected group where other
genetic and/or non-genetic risk and protective factors may also be important.
The major strengths of the present study include the population-based design, the long
follow-up period starting already in midlife, and detailed assessments at several time
points. Analyses in both the main study population (survivors/participants only) and
extended population (additional register dementia diagnoses for non-survivors/nonparticipants) accounted at least partly for mortality and non-participation. Mortality and
non-participation in longitudinal studies are often linked to poorer health, i.e. people
who are more likely to develop dementia, or die before dementia onset. Findings were
quite similar in both study populations, with somewhat lower HR and C-statistic values
in the extended population, most likely due to lower sensitivity of dementia diagnoses in
registers.15
While data for most LIBRA factors were available in the CAIDE study, reliance on register
diagnoses for some chronic conditions (i.e. only conditions severe enough to require
hospitalization) may have affected the predictive performance of the LIBRA score. Also,
complete data on pharmacological treatment for the included risk factors/conditions
were not available. In addition, interactions between risk factors were not taken into
account in the design of the LIBRA score. Information on possible interactions between
risk factors is still incomplete in available literature and therefore more research on this
matter is needed.
In conclusion, findings from the present study emphasize the role of modifiable risk
and protective factors in the development of MCI and dementia. The LIBRA score may
be useful for educational and motivational purposes by emphasizing areas amenable to
preventive lifestyle measures, and for identifying at-risk individuals who may benefit from
lifestyle interventions. However, it should not be used for diagnostic purposes. The LIBRA
score is also not very suitable for identifying individuals who are already close to dementia
onset, and who may need referral to specialized clinics for detailed cognitive and other
assessments, as well as early initiation of pharmacological treatment.

194

MIDLIFE AND LATE-LIFE MODIFIABLE RISK FACTORS AND DEMENTIA

REFERENCES
1.
2.
3.

4.

5.
6.
7.

8.

9.

10.
11.

12.
13.

14.
15.

16.

World Health Organization. Dementia: a public health priority. Geneva: World Health
Organization, 2012.
Scalco MZ, van Reekum R. Prevention of Alzheimer disease. Encouraging evidence. Can Fam
Physician 2006; 52: 200-7.
Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Summary of the evidence on
modifiable risk factors for cognitive decline and dementia: A population-based perspective.
Alzheimers Dement 2015; 11(6): 718-26.
Deckers K, van Boxtel MP, Schiepers OJ, et al. Target risk factors for dementia prevention: a
systematic review and Delphi consensus study on the evidence from observational studies. Int
J Geriatr Psychiatry 2015; 30(3): 234-46.
Tang EY, Harrison SL, Errington L, et al. Current Developments in Dementia Risk Prediction
Modelling: An Updated Systematic Review. PLoS One 2015; 10(9): e0136181.
Kivipelto M, Helkala EL, Laakso MP, et al. Midlife vascular risk factors and Alzheimer’s disease in
later life: longitudinal, population based study. BMJ 2001; 322(7300): 1447-51.
Puska P, Salonen JT, Nissinen A, et al. Change in risk factors for coronary heart disease during
10 years of a community intervention programme (North Karelia project). Br Med J (Clin Res Ed)
1983; 287(6408): 1840-4.
Puska P, Tuomilehto J, Salonen J, et al. Changes in coronary risk factors during comprehensive
five-year community programme to control cardiovascular diseases (North Karelia project).
BMJ 1979; 2(6199): 1173-8.
Vartiainen E, Puska P, Jousilahti P, Korhonen HJ, Tuomilehto J, Nissinen A. Twenty-year trends in
coronary risk factors in north Karelia and in other areas of Finland. Int J Epidemiol 1994; 23(3):
495-504.
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res 1975; 12(3): 189-98.
Morris JC, Heyman A, Mohs RC, et al. The Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD). Part I. Clinical and neuropsychological assessment of Alzheimer’s disease.
Neurology 1989; 39(9): 1159-65.
American Psychiatric Association. Diagnostic and statistical manual of mental disorders (4th
edition). Washington, DC: American Psychiatric Association; 1994.
McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis
of Alzheimer’s disease: report of the NINCDS-ADRDA Work Group under the auspices of
Department of Health and Human Services Task Force on Alzheimer’s Disease. Neurology 1984;
34(7): 939-44.
Petersen RC, Smith GE, Ivnik RJ, et al. Apolipoprotein E status as a predictor of the development
of Alzheimer’s disease in memory-impaired individuals. JAMA 1995; 273(16): 1274-8.
Solomon A, Ngandu T, Soininen H, Hallikainen MM, Kivipelto M, Laatikainen T. Validity of
dementia and Alzheimer’s disease diagnoses in Finnish national registers. Alzheimers Dement
2014; 10(3): 303-9.
O’Donnell CA, Browne S, Pierce M, et al. Reducing dementia risk by targeting modifiable
risk factors in mid-life: study protocol for the Innovative Midlife Intervention for Dementia
Deterrence (In-MINDD) randomised controlled feasibility trial. Pilot and Feasibility Studies 2015;
1(40).

195

6

CHAPTER 6

17. Geographical variation in the major risk factors of coronary heart disease in men and women
aged 35-64 years. The WHO MONICA Project. World Health Stat Q 1988; 41(3-4): 115-40.
18. Tsukamoto K, Watanabe T, Matsushima T, et al. Determination by PCR-RFLP of apo E genotype
in a Japanese population. J Lab Clin Med 1993; 121(4): 598-602.
19. Eskelinen MH, Ngandu T, Tuomilehto J, Soininen H, Kivipelto M. Midlife healthy-diet index and
late-life dementia and Alzheimer’s disease. Dement Geriatr Cogn Dis Extra 2011; 1(1): 103-12.
20. Anderson LA, Day KL, Beard RL, Reed PS, Wu B. The public’s perceptions about cognitive health
and Alzheimer’s disease among the U.S. population: a national review. Gerontologist 2009; 49
Suppl 1: S3-11.
21. Smith BJ, Ali S, Quach H. Public knowledge and beliefs about dementia risk reduction: a
national survey of Australians. BMC Public Health 2014; 14: 661.
22. Solomon A, Soininen H. Dementia: Risk prediction models in dementia prevention. Nat Rev
Neurol 2015; 11(7): 375-7.
23. Solomon A, Mangialasche F, Richard E, et al. Advances in the prevention of Alzheimer’s disease
and dementia. J Intern Med 2014; 275(3): 229-50.
24. Pankratz VS, Roberts RO, Mielke MM, et al. Predicting the risk of mild cognitive impairment in
the Mayo Clinic Study of Aging. Neurology 2015; 84(14): 1433-42.

196

CAIDE STUDY DESIGN

LATE-LIFE LIBRA DESIGN

MIDLIFE LIBRA DESIGN

Independent random samples
(North Karelia Project & FINMONICA study)

MIDLIFE (1972, 1977, 1982 or 1987)

Appendix 1: Flowchart of the study design

SUPPLEMENTAL DATA

Not eligible n=574 (died, moved, unknown address)

Completed cognitive assessment n=852
(All dementia n=68, MCI n=171)

SECOND LATE-LIFE RE-EXAMINATION
(2005-2008)
All eligible persons n=1426

Incomplete cognitive assessments n=57

Non-participants n=517 (poor health / refused / died)

Extended study population n=1022 (outcome dementia=104)
- Available 1998 data for LIBRA score
- Participants in 1998 without dementia or MCI
- Dementia diagnosed at the 2005-2008 CAIDE re-examination, or recorded in national registers until 2008

Main study population n=604 (outcome dementia n=35, outcome MCI n=108)
- Available 1998 data for LIBRA score
- Participants in 1998 without dementia or MCI, who returned for the 2005-2008 CAIDE re-examination
- Dementia / MCI diagnosed at the 2005-2008 CAIDE re-examination

Extended study population n=1360 (outcome dementia=250)
- Available midlife data for LIBRA score
- Participants and non-participants/non-survivors
- Dementia diagnosed at CAIDE re-examinations or recorded in national registers until 2008

Main study population n=1024 (outcome dementia n=84, outcome MCI n=151)
- Available midlife data for LIBRA score
- Participants in either first or second CAIDE re-examination
- Dementia / MCI diagnosed at CAIDE re-examinations

(Dementia n=61, MCI n=82)

Completed cognitive assessments n=1409

FIRST LATE-LIFE RE-EXAMINATION (1998)
Invited random sample n=2000
Aged 65-79y, location Kuopio & Joensuu

Incomplete cognitive assessments n=40

Non-participants n=551 (poor health / refused / died)
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Weight

+1.6

+1.6

+1.4

+1.3

+1.0

+1.1

+1.1

LIBRA factor

Hypertension

Obesity

High cholesterol

Diabetes

Coronary heart
disease

Chronic kidney
disease

Physical inactivity

CAIDE 1998 late-life examination

Physical activity was assessed at all CAIDE examinations with the question: ‘How often do you participate in leisure-time physical
activity that lasts at least 20-30 minutes and causes breathlessness and sweating?’ Response options were 1=daily; 2=2-3 times
a week; 3=once a week; 4=2-3 times a month; 5=a few times a year; and 6=not at all. Options 3-6 were categorized as ‘physically
inactive’, options 1-2 as ‘physically active’.

- Diagnoses recorded in the Finnish Hospital Discharge Register (ICD 8 code 582 for chronic nephritis; ICD 9 codes 585 for
chronic renal failure and 791.0 for proteinuria; ICD 10 codes N18 for chronic renal failure and R80 for proteinuria). Date of first
diagnosis had to be before the date of the midlife examination (midlife LIBRA score), or the date of the 1998 re-examination
(1998 LIBRA score)
- Self-reports or creatinine etc measures not available

- Self-reported history of myocardial infarction or angina diagnosed by a physician, OR
- Diagnosis of ischemic heart disease or atrial fibrillation recorded in the Finnish Hospital Discharge Register (ICD 8 codes 410414 and 427.92, ICD 9 codes 410-414 and 4273A, ICD 10 codes I20-25 and I48); date of first diagnosis had to be before the date
of the midlife examination (midlife LIBRA score), or the date of the 1998 re-examination (1998 LIBRA score)

- Self-reported history of diabetes diagnosed by a physician, OR
- Diagnosis of diabetes recorded in the Finnish Hospital Discharge Register (ICD 8 code 250, ICD 9 code 250, ICD 10 codes E1014); date of first diagnosis had to be before the date of the midlife examination (midlife LIBRA score), or the date of the 1998
re-examination (1998 LIBRA score)

- Serum total cholesterol ≥6.5 mmol/L (due to generally high levels in Eastern Finland and the CAIDE population)
- Cholesterol measurement methods differed in 1972 and 1977 (frozen serum, Lieberman-Burchard method) compared to later
visits (fresh serum, enzymatic cholesterol oxidase/p-aminophenazone, CHOD-PAP, method). The systematic difference (2.4%)
between methods was corrected accordingly.

BMI ≥30 kg/m2

SBP≥140 mmHg or DBP≥90 mmHg; BP measured from subject’s right arm after seated down for five minutes

CAIDE midlife examination

APPENDIX 2: Definition of LIBRA factors in the CAIDE study (all factors dichotomized as yes/no)
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Weight

-1.0

+1.5

+2.1

-1.7

-3.2

LIBRA factor

Low/moderate
alcohol intake

Smoking

Depression

Healthy Diet

High cognitive
activity

The following question was asked in 1998: ‘How
often on average do you consume wine or
other alcoholic beverages?’. Response options
were: 1=at least once a month; 2=less than once
a month; 3=not at all, I stopped consuming
alcohol; 4=I do not use alcohol.

The following question was asked only for the 1972 and 1977 midlife cohorts
(n=1464 of the 2000 CAIDE target population): ‘Do you use alcohol? How
often on average do you consume wine or other alcoholic beverages?’.
Response options were: 1=I do not use alcohol; 2=a couple of times/year or
less; 3=3-4 times/year; 4=about once every 2 months; 5=about once/month;
6=a couple of times/month; 7=once/week; 8=a couple of times/week;
9=daily.

Data not available

Available in a limited number of participants. Based on the previously
published CAIDE Healthy Diet Index (Eskelinen et al, Dement Geriatr Cogn
Dis Extra 2011; 1(1):103-12). Range from 0 (minimal adherence to healthy
diet) to 17 (maximal adherence). High adherence to healthy diet defined
as>8 points.

Data not available

Data not available

A measure of hopelessness was used in the present study based on the following two items: 1) “I feel it is impossible to reach
the goals that I would like to strive for”, and 2) “The future seems hopeless to me, and I can’t believe that things are changing
for the better”. Participants were asked to rate their agreement/disagreement with each statement using a five-point Likert
scale: 0-absolutely agree, 1-somewhat agree, 2-cannot say, 3-somewhat disagree, or 4-absolutely disagree. These items have
previously been used in several population-based studies (Everson et al, Psychosom Med. 1996;58(2):113-21).
The two items were combined, and points were given if participants had replied ‘somewhat agree’ or ‘absolutely agree’ to both
items.

Based on the question ‘Have you ever smoked during your life?’ with response options yes / no.

To keep the same definition at both midlife and 1998 examinations, low/moderate alcohol intake was defined as options 2-4
(midlife) and option 2 (1998).

CAIDE 1998 late-life examination

CAIDE midlife examination
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200
1.15 (0.59-2.23)
0.99 (0.69-1.43)
1.76 (1.13-2.74)
1.23 (0.51-2.93)
1.45 (0.88-2.39)

Ref.
Ref.
Ref.
Ref.
Ref.
Ref.

Midlife LIBRA and dementia
(main population)

Midlife LIBRA and dementia
(extended population)

Midlife LIBRA and MCI

Late-life LIBRA and dementia
(main population)

Late-life LIBRA and dementia
(extended population)

Late-life LIBRA and MCI

1.38 (0.79-2.42)

Second

LIBRA score quartiles
First

HR (95% CI)

2.07 (1.23-3.47)

0.79 (0.43-1.48)

0.69 (0.24-1.99)

2.05 (1.32-3.19)

1.17 (0.82-1.65)

1.66 (0.89-3.08)

Third

1.69 (0.96-3.00)

1.47 (0.88-2.46)

1.48 (0.61-3.61)

1.59 (0.95-2.66)

1.69 (1.20-2.39)

3.19 (1.78-5.73)

Fourth

APPENDIX 3: LIBRA score quartiles and cumulative hazard of dementia / mild cognitive impairment (MCI)
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ABSTRACT
Objectives: To investigate the association between modifiable risk and protective factors
and severe cognitive impairment and dementia in the very old. Additionally, the present
study tests the predictive validity of the ‘LIfestyle for BRAin health’ (LIBRA) score, an index
developed to assess an individual’s dementia prevention potential.
Method: Two hundred seventy-eight individuals aged 85 years or older from the
population-based Cambridge City over-75s Cohort Study were followed-up until
death. Included risk and protective factors were: diabetes, heart disease, hypertension,
depression, smoking, low-to-moderate alcohol use, high cognitive activity, and physical
inactivity. Incident severe cognitive impairment was based on the Mini-Mental State
Examination (score: 0-17) and incident dementia was based on either post-mortem
consensus clinical diagnostic assessments or death certificate data. Logistic regressions
were used to test whether individual risk and protective factors and the LIBRA score were
associated with severe cognitive impairment or dementia after 18 years follow-up.
Results: None of the risk and protective factors or the LIBRA score was significantly
associated with increased risk of severe cognitive impairment or dementia. Sensitivity
analyses using a larger sample, longer follow-up period, and stricter cut-offs for prevalent
cognitive impairment showed similar results.
Conclusion: Associations between well-known midlife risk and protective factors and risk
for severe cognitive impairment or dementia might not persist into very old age, in line
with suggestions that targeting these factors through lifestyle interventions should start
earlier in life.
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INTRODUCTION
In 2012, dementia was proclaimed a public health priority by the World Health
Organization.1 Given the current lack of available treatments for dementia, research
focus has shifted to prevention strategies.2 Even if a future cure for dementia becomes
available, primary prevention should arguably remain one of the pillars of public health
campaigns to reduce the number of affected individuals or to delay symptom onset.
Several studies suggest that targeting modifiable risk factors is essential to reduce
dementia risk.3-5 Questions still remain as to which factors should be targeted and which
period during a person’s lifespan would be the window of opportunity for most effective
and efficient prevention. Since only a few randomized controlled trials have investigated
the effects of single or multivariate risk factor reduction on cognitive decline or dementia
incidence,6,7 the evidence for most factors comes from observational studies.3,4,8 Recent
systematic literature reviews and meta-analyses showed consistent support for a wide
range of modifiable risk and protective factors associated with dementia, including
cardiovascular and metabolic factors (e.g. hypertension, obesity, hypercholesterolemia,
diabetes, coronary heart disease), lifestyle factors (e.g. diet, smoking, physical activity,
alcohol consumption, cognitive activity) and psycho-social factors (e.g. depression).2-5,8
These factors could be targeted by tailored lifestyle interventions, preferably in midlife,
when lifestyle adjustments are more feasible and probably most effective by reducing
brain damage accumulated during long-term exposure to these factors.9 Indeed, previous
studies have shown that the effects of certain risk factors vary across the life course. For
instance, obesity and hypertension in midlife have more pronounced effects on dementia
risk rather than in late life.3,4,10 Additionally, late life studies showed inconsistent results
regarding the predictive ability of health and lifestyle factors.3,10-12 There are a few studies
that looked at the effects of metabolic syndrome (including obesity, hypertension,
diabetes and hypercholesterolemia) towards cognitive decline. The association between
metabolic syndrome and cognitive decline, which is found to be positive in younger
populations, was not significant in the very old.13,14 However, studies investigating the
(combined) effects of modifiable risk and protective factors on dementia risk in a very old
population (i.e. 85+ years) are particularly rare.
Therefore, the overall aim of the current study is to investigate the association between
known modifiable risk and protective factors and severe cognitive impairment and
dementia in individuals aged 85 years and older, as part of the Cambridge City over-75s
Cohort (CC75C) Study, a longitudinal study of ageing in the very old.15,16 In addition, the
study tests the predictive validity of the recently developed ‘LIfestyle for BRAin health’
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(LIBRA) score,4 a simple summary index that assesses an individual’s dementia prevention
potential by combining information on major modifiable health and lifestyle factors.

METHODS
Study population
The CC75C study is a population-based study originally started in 1985 to measure
the prevalence of dementia in people aged 75 years and over from a selection of
geographically and socially representative general practices in the city of Cambridge,
United Kingdom (UK).15,16 From the original sample of 2,610, a total of 2,166 participants
from all but one general practice formed the sample that was followed-up every two to
four years until the last participant’s death after the final survey in 2013 (Year 28). Each
survey used a structured interviewer-administered schedule to collect information on
socio-demographic variables, activities of daily living, cognitive functioning (Mini-Mental
State Examination (MMSE),17 health problems, medication, and use of health and social
services. After the first survey, proxy informant interviews were sought as needed to
minimize loss to follow-up of the frailest individuals. From Survey 2 onwards, participants
were asked whether they were willing to participate in the brain donation program. Each
study phase was approved by the Cambridge Research Ethics Committee. At Survey 4
(Year 10), the most comprehensive assessment of modifiable risk and protective factors
took place and was hence considered the baseline assessment for the present study (n =
446; age range = 84-102), yielding a maximum follow-up period of 18 years (see Figure 1).
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[58% of attrition
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Follow-up of all
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Wave 2 CAMDEX
n = 467
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n = 713

Survey 2
(Year 2)
n = 1,117

Figure 1. CC75C study design
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Dementia and severe cognitive impairment diagnosis
Participants with dementia were identified using three CC75C study data sources: 1)
Psychiatrist-administered assessments: the Cambridge Diagnostic Examination for the
Elderly (CAMDEX).18 In Survey 1, cognitively impaired participants (MMSE scores ≤23)
and one in three participants with milder cognitive impairment (MMSE scores 24-25)
underwent CAMDEX assessments. CAMDEX assessments following Surveys 2 and 3
also included participants with high cognitive scores (MMSE 26-30); 2) Post-mortem
consensus clinical diagnostic assessments were conducted to confirm dementia diagnosis
or absence of dementia by the time of death for the sub-sample who had donated to
the study’s brain donation programme; 3) The cohort was flagged for mortality with
the Office of National Statistics so the study resource includes cause of death data from
death certificates. Prevalent dementia at Survey 4 was defined as dementia diagnosed
by latest CAMDEX assessment (all prior to Survey 4) and incident dementia was based on
either post-mortem consensus diagnosis or death certificate data, excluding prevalent
CAMDEX dementia cases. More than half of Survey 4 participants had undergone at least
one CAMDEX assessment (231/446), of whom 94/231 were diagnosed with prevalent
dementia. More than a quarter of Survey 4 participants had post-mortem consensus
clinical diagnostic assessment (121/446). Of these, 70/121 were diagnosed with dementia,
of whom the majority (51/70) had incident dementia, i.e. no prior CAMDEX dementia
diagnosis. Death certificate data were available for all participants, for whom 66 death
certificates mentioned dementia. For 37 of these 66 there had been neither a CAMDEX
dementia diagnosis nor any post-mortem clinical consensus diagnostic assessment. This
totals 88 cases of incident dementia after Survey 4.
As the CC75C data sources may not capture all prevalent and incident dementia, we also
included severe cognitive impairment in our overall outcome. Individuals with MMSE
scores 0-17 were categorized as severely cognitively impaired.19 Eighty-five cases of
prevalent severe cognitive impairment could be identified based on their MMSE score at
Survey 4 and 52 individuals developed incident severe cognitive impairment after Survey
4. Combining these two outcomes resulted in 140 prevalent and 84 incident cases of
severe cognitive impairment or dementia (see Figure 2).

Demographics
Age and sex were confirmed from general practice lists when originally enrolled in the
study and educational level was self-reported at baseline through questions on what age
the participant left school and years of education after school leaving age.
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Incident severe cognitive impairment or
dementia
n=106

n=22
n=12
n=22

Incident
dementia
n=44

Incident severe
cognitive
impairment

7

n=18

Figure 2. Survey 4 cases of incident severe cognitive impairment or dementia

Modifiable risk and protective factors
For the present study, data were available on eight out of twelve modifiable risk and
protective factors identified in a recent review: diabetes, depression, coronary heart
disease, hypertension, alcohol consumption, smoking status, physical activity and
cognitive activity.4 Risk factors were based on either self-reported or proxy-reported
information and were either dichotomized according to cut-offs as described below or
rated present or absent. Information from proxy informants was used when participants’
cognitive abilities interfered with accurate reporting. The presence of coronary heart
disease (angina pectoris or heart attack), diabetes and hypertension were based on self- or
proxy-report of a doctor’s diagnosis. For smoking, participants were divided into current
smokers and non-smokers. Alcohol consumption was based on the reported frequency of
current alcohol use, with 1-14 glasses per week considered low-to-moderate, according to
recent UK alcohol guidelines.20 Individuals were considered depressed if they scored 6 or
higher on the ten-item CAMDEX Depressive Symptoms Scale (range 0-11).21 The physical
activity measure categorized participants as active individuals who engaged in one or
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more forms of physical activity or exercise (e.g. walking, cycling, do-it-yourself, gardening,
etc.) during the last week and the inactive who did none of these. For cognitive activity
(intellectual engagement), participants were categorized as active or inactive based on
reported activities undertaken in the last fortnight (e.g. visits to places of interest, hobbies,
reading) and having taken part in education or training in recent years. Engagement in
three or more of these activities was considered as cognitively active.

LIBRA-index
The LIBRA score was developed after triangulation of results from a systematic literature
review on risk and protective factors for dementia and an expert consensus study, 4 as
part of the European (FP7) INnovative, Midlife INtervention for Dementia Deterrence (InMINDD) project.22 It consists of twelve modifiable risk and protective factors that can be
targeted by tailored lifestyle interventions and primary prevention: physical inactivity,
smoking, (low-to-moderate) alcohol use, (high) cognitive activity, healthy diet, depression,
hypertension, obesity, diabetes, hypercholesterolemia, coronary heart disease, and renal
disease. A weight is assigned to each factor, based on the factor’s relative risk.4 Weights
are then standardised and summed to yield the final LIBRA score (range from -5.9 to
+12.7), with higher scores indicating greater risk. In contrast to other risk indices, LIBRA is
based on modifiable risk and protective factors only, and hence assesses an individual’s
potential for dementia prevention. A modified version of the LIBRA score was developed
for the purpose of validation in older cohorts. It consists of ten factors, excluding the risk
factors obesity and hypertension, since these are considered to be major risk factors in
midlife only. In CC75C, status information was available for 7 of the 10 factors from the
modified LIBRA score (range from -4.2 to + 7.0). No information was available for diet,
renal dysfunction and hypercholesterolemia.

Statistical analysis
Independent samples t-tests and χ2-tests were used to examine differences in risk
factors and demographic variables between participants with incident severe cognitive
impairment or dementia and non-affected individuals. Multiple imputation was used to
impute missing values for the eight risk and protective factors, but only for participants
with less than three missing factors (others were listwise-deleted). Multivariate imputation
by chained equations was carried out using all non-missing data on risk and protective
factors and sociodemographic covariates (age, sex and educational level).23 Ten imputed
datasets were created and the results combined using Rubin’s rules.24 Separate logistic
regressions tested whether individual risk and protective factors and the continuous
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LIBRA score were associated with odds for severe cognitive impairment or dementia in
crude analyses (Model 1) or after adjustment for age, sex and educational level (Model 2).
All analyses were done in Stata 13.1 (StataCorp, College Station, TX, USA), and the level of
statistical significance used was p < 0.05 in two-sided tests.

RESULTS
Sample characteristics
After exclusion of 140 cases of prevalent severe cognitive impairment or dementia and
10 individuals with missing MMSE data after Survey 4, the total outcome-free sample at
Survey 4 consisted of 296 participants. The mean age was 87.9 (SD 3.2, 84-102) years, and
201 (68%) were female. During the 18-year follow-up, 84 individuals (28%) developed
severe cognitive impairment or dementia.

Risk and protective factors
Status information for all eight risk and protective factors was available in 226 participants
(76%). As described above, data were imputed for those participants with one (n = 38) or
two (n = 14) missing factors. From the total of 2368 values for the eight factors, 66 values
were imputed (2.8%). We excluded 18 participants with more than two missing factors
from the analyses, of whom 9 (50%) individuals developed severe cognitive impairment
or dementia. This resulted in a total sample of 278 participants with a mean age of 87.8
(SD 3.1, 84-102) years, of whom 189 (68%) were female. Of these, 75 individuals (27%)
developed severe cognitive impairment or dementia. The characteristics of this sample
are illustrated in Table 1. None of the risk or protective factors was significantly associated
with severe cognitive impairment or dementia in crude analyses or after adjustment for
age, sex and educational level. Similar results were found in separate analyses for dementia
and severe cognitive impairment (see Table 2).

LIBRA-index
Seven of the 8 risk factors from imputed datasets were used to calculate individuals’
modified LIBRA scores (hypertension omitted as explained above; range from -0.8 to 2.2).
Lower LIBRA scores were significantly associated with increased odds of severe cognitive
impairment or dementia, but this association was no longer significant when age, sex and
educational level were added as covariates (see Table 2). Separate analyses for dementia
showed no significant results, but lower LIBRA scores were significantly associated with
higher odds of severe cognitive impairment even after adjustment for sociodemographic
covariates.
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Sensitivity analyses
We performed two sensitivity analyses. First, to further investigate the direction of
effects, the same analysis procedure for incident dementia as outcome was repeated
with participants in Survey 3 (year 7; n = 560 after exclusion of 153 cases of prevalent
dementia), a larger sample with longer follow-up but with information available on only
six risk factors: diabetes, heart disease, hypertension, depression, high cognitive activity,
and physical inactivity. Again, data were imputed for those participants with one (n = 78)
or two (n = 29) missing factors (imputation of 4.2%). As a result, the sample for these
sensitivity analyses totaled 546 participants (mean age = 85.5 (SD 3.6, 81-103) years; 69%
females; 17% developed dementia). Individuals with dementia were on average younger
and more often female, and they died at a younger age in comparison with participants
without dementia. Physical inactivity showed a protective effect and high cognitive
activity was associated with an increased risk of incident dementia, but these effects
were no longer significant or of only borderline significance when adjusted for age, sex
and educational level (data not shown). Second, we studied whether results were due to
inclusion of participants with mild or moderate cognitive impairment at Survey 4. For this,
we restricted the sample to those with an MMSE score > 21 and those with an MMSE score
>25. Results were similar to the full sample analyses (data not shown).

212

170 (68.8)
151 (61.1)
96 (38.9)
51 (20.7)
165 (66.8)
9 (3.6)
22 (8.9)

60 (79.0)

15 (19.7)
52 (68.4)
9 (11.8)
60 (79.0)
8 (10.5)
8 (10.5)
35 (47.3)
39 (52.7)
35 (46.7)
21 (28.0)
19 (25.3)
21.72 (6.7)

Female, n (%)

Educational level, n (%)
Left school aged less than 15 years
43 (56.6)
Left school aged 15 years old or more 33 (43.4)

Marital status, n (%)
Married
Widowed
Separated/divorced
Never married

Place of residence, n (%)
House/flat/granny flat
Warden controlled
Long-term care institute

Social class, n (%)
Non-manual skills
Manual skills

Disabilities in ADLs or IADLs, n (%)
No disability
Disability in IADLs only
Disability in both ADLs and IADLs

MMSE score at Survey 4, mean (SD)d
24.05 (5.4)

80 (32.4)
67 (27.1)
100 (40.5)

115 (47.1)
129 (52.9)

192 (77.7)
23 (9.3)
32 (13.0)

93.0 (4.4)

94.2 (3.8)

Age at death, mean (SD)

0.002

0.032

0.980

0.828

0.342

0.478

23.4 (3.5)

23 (52.3)
10 (22.7)
11 (25.0)

21 (48.8)
22 (51.2)

34 (77.3)
7 (15.9)
3 (6.8)

7 (15.9)
31 (70.5)
6 (13.6)

29 (65.9)
15 (34.1)

37 (84.1)

96.7 (3.9)

0.025
0.088

87.8 (3.1)

0.362

25.3 (3.2)

92 (33.7)
76 (27.8)
105 (38.5)

127 (46.9)
144 (53.1)

215 (78.5)
26 (9.5)
33 (12.0)

60 (21.9)
182 (66.4)
9 (3.3)
23 (8.4)

160 (58.4)
114 (41.6)

0.001

0.054

0.810

0.297

0.344

24.3 (3.5)

38 (51.4)
20 (27.0)
16 (21.6)

36 (49.3)
37 (50.7)

60 (80.0)
9 (12.0)
6 (8.0)

15 (20.0)
53 (70.7)
7 (9.3)

42 (56.0)
33 (44.0)

59 (78.7)

0.013

179 (65.3)
0.346

95.1 (3.9)

0.000

92.5 (4.1)

Yes, n = 75
87.6 (3.0)

0.987

P-value

25.6 (3.1)

65 (32.0)
56 (27.6)
82 (40.4)

97 (48.5)
103 (51.5)

162 (79.8)
18 (8.9)
23 (11.3)

46 (22.7)
131 (64.5)
8 (3.9)
18 (8.9)

119 (58.6)
84 (41.4)

130 (64.0)

92.5 (4.3)

87.9 (3.2)

No, n = 203

0.003

0.004

0.905

0.567

0.326

0.694

0.020

0.000

0.573

P-value

Incident dementia/severe cognitive
impairment status (n = 278)c

87.7 (3.1)

No, n = 274

Yes, n = 44

88.1 (3.4)

P-value

Yes, n = 76
87.7 (2.7)

No, n = 247

Incident severe cognitive impairment
status (n = 318)b

Incident dementia status (n = 323)a

Age, mean (SD)

Variable

Table 1. Characteristics of Survey 4 participants (excluding prevalent cases and participants with data missing for more than two risk/protective
factors) by outcome status

MODIFIABLE RISK FACTORS AND DEMENTIA IN THE VERY OLD

7

213

214
54/244 (22.1)
31/235 (13.2)
14/246 (5.7)

13/75 (17.3)
8/74 (10.8)
5/73 (6.9)

e

59/245 (24.1)

12/75 (16.0)

Hypertension, n (%)e

70/225 (31.1)
95/236 (40.3)
79/233 (33.9)
-0.51 (2.2)

22/68 (32.4)
35/74 (47.3)
21/74 (28.4)
-0.93 (2.2)

Physical inactivity, n (%)e
0.154

0.377

0.284

0.847

0.713

0.591

0.372

0.141

0.736

0.582

-1.31 (2.4)

9/44 (20.5)

23/42 (54.8)

17/39 (43.6)

2/44 (4.6)

5/44 (11.4)

9/44 (20.5)

7/44 (15.9)

2/44 (4.6)

7 (15.9)
37 (84.1)

-0.60 (2.2)

85/258 (33.0)

111/264 (42.1)

78/250 (31.2)

17/271 (6.3)

31/261 (11.9)

64/272 (23.5)

68/272 (25.0)

13/273 (4.8)

16 (5.8)
39 (14.2)
219 (79.9)

17/74 (23.0)
-1.29 (2.2)

0.050

40/74 (54.1)

23/68 (33.8)

4/74 (5.4)

7/74 (9.5)

14/75 (18.7)

12/74 (16.2)

2/75 (2.7)

1 (1.3)
10 (13.3)
64 (85.3)

Yes, n = 75

0.098

0.123

0.126

0.655

0.922

0.653

0.189

0.950

0.256

P-value

-0.60 (2.2)

61/190 (32.1)

82/194 (42.3)

60/185 (32.4)

12/202 (5.9)

24/194 (12.4)

46/201 (22.9)

51/202 (25.3)

11/202 (5.5)

13 (6.4)
28 (13.8)
162 (79.8)

No, n = 203

0.022

0.144

0.083

0.835

0.866

0.505

0.450

0.113

0.331

0.222

P-value

Incident dementia/severe cognitive
impairment status (n = 278)c

Abbreviations: ADL - Activities of Daily Living; IADL - Instrumental Activities of Daily Living; LIBRA - LIfestyle for BRAin health; MMSE- Mini-Mental State Examination; SD - standard
deviation.
a
Missing data: Social class n=5; Disabilities in ADLs or IADLs n=1; MMSE score at Survey 4 n=10; Diabetes n=1; Heart disease n=3; Hypertension n=4; Depression n=14; Smoking n=4;
Low-to-moderate alcohol use n=30; High cognitive activity n=13; Physical inactivity n=16.
b
Missing data: Social class n=4; Disabilities in ADLs or IADLs n=1; MMSE score at Survey 4 n=12; Diabetes n=1; Heart disease n=2; Hypertension n=2; Depression n=13; Smoking n=3;
Low-to-moderate alcohol use n=29; High cognitive activity n=12; Physical inactivity n=16.
c
Missing data: Social class n=5; Disabilities in ADLs or IADLs n=1; MMSE score at Survey 4 n=8; Diabetes n=1; Heart disease n=2; Hypertension n=2; Depression n=10; Smoking n=2; Lowto-moderate alcohol use n=25; High cognitive activity n=10; Physical inactivity n=14.
d
MMSE score range: 0 to 30.
e
Before data imputation.
f
After data imputation.
g
Modified (7-item) LIBRA score range: -4.2 to +7.0.
Figures may not sum to 100% because of rounding.

LIBRA score, mean (SD)

f, g

Low-to-moderate alcohol use, n (%)

High cognitive activity, n (%)e

Smoking, n (%)e

Depression, n (%)

e

Heart disease, n (%)

12/246 (4.9)

3/76 (4.0)

e

Diabetes, n (%)e

16 (6.5)
34 (13.8)
197 (79.8)

3 (4.0)
13 (17.1)
60 (79.0)

No, n = 274

Yes, n = 44

P-value

Yes, n = 76

No, n = 247

Incident severe cognitive impairment
status (n = 318)b

Incident dementia status (n = 323)a

Number of available risk/protective
factors, n (%)e
< 7 risk/protective factors
7 risk/protective factors
8 risk/protective factors

Variable

Table 1. Characteristics of Survey 4 participants (excluding prevalent cases and participants with data missing for more than two risk/protective
factors) by outcome status
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0.83-1.05

0.67
0.69
0.75
1.51
1.13
1.26
0.78
0.93

Hypertension

Depression

Smoking

Low-to-moderate alcohol use

High cognitive activity

Physical inactivity

0.74-2.14

0.61-2.08

0.52-4.42

0.33-1.74

0.35-1.37

0.33-1.34

0.19-2.62

0.228

0.417

0.395

0.692

0.453

0.508

0.285

0.257

0.607

0.85

0.53

1.68

1.64

0.70

0.96

0.84

0.57

0.93

OR

0.85

0.50

1.65

1.98

1.04

0.95

0.76

0.61

0.94

OR

Model 2b
P-value

0.153

0.413

0.248

0.908

0.639

0.549

0.380

0.154

0.674

P-value

Model 1a

0.62
0.88

0.939
0.269
0.504
0.927
0.962
0.054
0.145
0.084
0.040

0.26-1.46
0.34-1.70
0.34-2.65
0.22-4.90
0.99-3.97
0.84-3.21
0.23-1.10
0.73-0.99

1.48

1.19

1.22

0.73

0.72

0.64

0.44

OR

0.20-4.48

1.59

1.04

P-value

0.121

0.87-3.24

95%CI

0.146

0.84-3.21

0.92

0.77

0.63

0.639

0.16-3.14

0.87

0.931

0.35-2.61

0.77

0.58

0.110

0.664

0.38-1.84

0.036

0.196

0.24-1.34

0.46

OR

0.24-1.15

0.930

0.20-4.29

0.78-1.00

0.33-1.15

0.85-2.57

0.63-2.25

0.36-4.09

0.30-1.81

0.36-1.43

0.32-1.31

0.09-2.08

95%CI

0.77-0.99

0.34-1.17

0.93-2.73

0.57-1.91

0.29-2.95

0.31-1.88

0.40-1.51

0.29-1.16

0.10-2.11

95%CI

0.053

0.130

0.163

0.588

0.749

0.497

0.354

0.223

0.301

P-value

0.031

0.145

0.091

0.888

0.886

0.566

0.448

0.120

0.315

P-value

Incident dementia/severe cognitive
impairment (n = 278; 75 cases)

0.73-0.99

P-value

95%CI

Incident severe cognitive
impairment (n = 318; 44 cases)

Abbreviations: OR - odds ratio CI - confidence interval; LIBRA - LIfestyle for BRAin health.
a
Model 1: crude model. b Model 2: adjusted for age, sex and educational level. c The modified version of the LIBRA score consists of the following factors: diabetes, heart disease,
depression, smoking, low-to-moderate alcohol use, high cognitive activity, and physical inactivity.

c

LIBRA score

0.44-1.41

0.71

95%CI

0.82-1.03

0.44-1.40

0.81-2.29

0.57-1.88

Heart disease

1.36

High cognitive activity

Diabetes

1.04

Low-to-moderate alcohol use

0.45-3.64

0.34-1.78

OR

1.28

Smoking

Variable

0.78

Depression

0.38-1.45

0.31-1.21

0.79

0.74

Hypertension

0.92

0.61

Heart disease

0.21-2.75

95%CI

LIBRA scorec

0.76

Diabetes

Physical inactivity

OR

Variable

Incident dementia
(n = 323; 76 cases)

Table 2. Prediction of outcome by risk factors and LIBRA score
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DISCUSSION
Our study shows that modifiable risk and protective factors did not predict odds of
severe cognitive impairment or dementia in the very old, even after adjustment for age,
sex and educational level. Similar results were found when severe cognitive impairment
and dementia were taken as separate outcomes, when using a larger sample and longer
follow-up period (up to 21 years; Survey 3; incident dementia as outcome) and when
using stricter cut-offs for prevalent cognitive impairment (MMSE score > 21 or > 25),
though results for physical inactivity and high cognitive activity were less clear and in
an unexpected direction. Additionally, higher LIBRA scores did not increase the odds for
dementia. It seems that the predictive value of modifiable risk and protective factors for
dementia in the very old is poor. Therefore, dementia risk prediction models focusing
on very old populations (i.e. 85+ years) developed to date have included other factors
such as age, cognitive test performance, brain imaging measures or apolipoprotein E
genotype.25-27 It is important to note that inclusion of these non-modifiable factors will
only increase the predictive accuracy of the risk prediction model, but will not provide
information regarding an individual’s potential for dementia prevention.
These findings suggest that targeting common modifiable risk factors in the very old
might not have a serious impact on future dementia risk, and hence a different approach
might be more appropriate. Indeed, previous randomized trials focusing on non-midlife
populations generally produced negative findings.7,28 The HYVET-COG trial showed that
antihypertensive treatment did not reduce the incidence of dementia in participants
aged 80 years or older.28 The multidomain pre-DIVA trial focusing on vascular care in
persons aged 70-78 years showed non-significant results, although dementia risk could
be reduced by antihypertensive treatment in those not previously treated.7 Therefore, the
Lancet Neurology Commission recently advised that dementia prevention studies should
start in midlife.29
It is possible that other risk or protective factors may play a role in the etiology of dementia
in the very old. This group of older people has probably survived several morbidities
earlier in life and managed to live with chronic conditions like diabetes or coronary heart
disease until advanced age. They may possess longevity genes or other resilience factors,
which protect them from getting dementia at a higher rate than those unexposed to such
risk factors. On the other hand, it is also possible that dementia is an irreversible process
in very old adults. In other words, the CC75C study participants who developed incident
dementia may have had fairly advanced underlying pathology at baseline already
(neurodegenerative, vascular or mixed) but of a slowly-progressive nature that had not

216

MODIFIABLE RISK FACTORS AND DEMENTIA IN THE VERY OLD

been diagnosed at an earlier stage. We hypothesize that this degenerative process cannot
be reversed by lifestyle adaptations. It is also notable that the direction of most of the effect
estimates was counter-intuitive (even in the sensitivity analysis). Inverse associations were
found for diabetes, heart disease, hypertension, depression, low-to-moderate alcohol
use, high cognitive activity, physical inactivity and the LIBRA score. Based on the above, it
could be hypothesized that individuals at high (polygenetic) risk for dementia but with a
healthy lifestyle survive longer and therefore have higher odds of developing dementia in
late life in comparison with the rest of the survivors. Taken together, these results indicate
that more studies are needed that investigate the effects of modifiable risk and protective
factors on dementia risk in the very old, including studies aimed at detection of novel
candidate risk factors.
The strengths of our study include the prospective study design focused on a
representative population of the very old, the long follow-up period (up to 18 years),
and the use of interviews with proxy informants to minimize lost to follow-up that could
under-represent the frailest elderly and to replace missing data. However, our study has
several limitations. First, the sample size was relatively small and, although sizeable for
research with this very old age-group, has limited power to detect significant associations.
Therefore, a sensitivity analysis with a larger sample and longer follow-up period was
conducted to further investigate the direction of effects. Second, some selection bias
may have occurred since individuals who were too ill or refused to participate due to
medical reasons were more likely to drop out of the study. Third, the ascertainment of
exposures was based on self-reported or proxy-reported information which could have
led to response bias and non-differential exposure misclassification. Given the old age
and physical condition of the study participants and the absence of sufficient resources
to conduct neuropsychological and neurological examinations, full examinations of
medical records, laboratory test, and brain scans at each survey and for each participant,
the structured survey interview was the best option. Fourth, the diagnosis of dementia
was partly based on death certificate records. A drawback of such data is the lack of
information on how any dementia reported was diagnosed. Moreover, absence of death
certificate recorded dementia cannot be taken as confirmation that dementia was absent,
with the possibility of non-differential outcome misclassification (e.g. under-reporting).
The discrepancy between the prevalence of incident dementia and incident severe
cognitive impairment in Survey 4 may reflect inadequate identification of dementia
after death and may also reflect non-random missing cognitive data. Participants whose
cognitive abilities declined rapidly may not have been interviewed after this downfall,
either having died or having only proxy interviews by the next survey, and are therefore
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missing from the severe cognitive impairment category. Fifth, death before follow-up and
non-response are likely to be associated with both the outcomes and factors investigated.
Additionally, participants with more than two missing factors were excluded from the
analyses. Higher proportion of this subsample (n = 18) than of the included participants
lived in a long-term care institute, were disabled, had dementia, and had missing MMSE
data. These issues are likely to influence the investigated associations.
In sum, our results indicate that in the very old the associations between well-known
risk and protective factors and subsequent development of dementia are not wellestablished, but further research is required. It supports the idea that the effects of these
factors are more pronounced at other life stages such as midlife. Future campaigns should
focus their preventive message on these younger age groups in anticipation of long-term
health benefit.
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GENERAL DISCUSSION

GENERAL DISCUSSION
Since there are currently no effective disease-modifying drugs for dementia, the focus
of dementia research is slowly shifting towards primary prevention by means of risk
factor reduction. It is suggested that modifiable risk factors play an important role in the
development of dementia.1,2 Nevertheless, there are still some uncertainties with respect
to the selection of target risk factors, causality claims and the window of opportunity for
optimal intervention timing.3 Therefore, in this thesis we aimed to investigate the role of
modifiable risk and protective factors of dementia in the general population. This was
performed by using several study designs including systematic literature reviews, metaanalyses and longitudinal cohort studies.
This chapter discusses the interpretation of our main findings, the methodological issues
concerning our studies, the implications for (clinical) practice and policy making, and
recommendations for future research.

Main findings
Risk and protective factors for dementia prevention
Epidemiological evidence has pointed out that several modifiable risk factors are
associated with an increased dementia risk.1,2 Yet, their importance for primary prevention
of dementia by general practitioners has not been investigated. In a mixed-method
approach (Chapter 2) we found strong evidence for depression, (midlife) hypertension,
diabetes, (midlife) obesity, smoking, and hypercholesterolemia. For some identified risk
and protective factors further validation is required: coronary heart disease (CHD), renal
dysfunction, low-to-moderate alcohol consumption, cognitive activity and healthy diet.
These findings were used to develop a multi-factorial model for dementia risk reduction,
as part of work package 1 (WP1; ‘’Risk Prediction Algorithm’’) of the INnovative Midlife
INterventions for Dementia Deterrence (In-MINDD) project.4 This new tool is called the
‘LIfestyle for BRAin Health’ (LIBRA) score. LIBRA quantifies an individual’s potential for
dementia prevention and consists of twelve modifiable risk and protective factors that can
be targeted by tailored lifestyle interventions and primary prevention: physical inactivity,
smoking, low-to-moderate alcohol use, high cognitive activity, healthy diet, depression,
hypertension, obesity, diabetes, hypercholesterolemia, CHD, and renal disease. Notably,
LIBRA can be further divided into dynamic factors that are amendable to lifestyle changes
(e.g. smoking, obesity, healthy diet) and chronic factors that need medical control (e.g.
diabetes, CHD, renal disease). LIBRA was calculated according to a previously reported
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and fairly similar approach.5,6 First, the natural logarithm (ln) of the relative risk (RR) from
existing meta-analyses (Chapter 2, Table 4) was calculated for each risk or protective
factor. Second, these were standardised by taking the lowest ln (RR) as a reference value
(i.e. -0.30 for low-to-moderate alcohol consumption) and dividing all other values by this
value (see Table 1). This resulted in a weight for each factor and this weight is assigned to
the presence or absence of each risk (positive weight) and protective (negative weight)
factor. Weights are then summed to yield the final LIBRA score (range from -5.9 to +12.7),
with higher scores indicating greater risk. The LIBRA score can be updated easily based on
recent findings from epidemiological studies (e.g. inclusion of a new identified risk factor
or adjustment of a risk estimate based on strong empirical evidence).
Table 1. Development of the LIfestyle for BRAin Health (LIBRA) score
Relative risk from the
existing meta-analyses

LIBRA factors

Beta-coefficient (natural
logarithm of the relative risk)

Weight

Low-to-moderate alcohol use

0.747

-0.30

-1.0

Coronary heart disease

8

1.36

0.31

+1.0

Physical inactivity

1.399

0.33

+1.1

Renal disease

10

1.39

0.33

+1.1

Diabetes

1.4711

0.39

+1.3

Hypercholesterolemia

12

1.54

0.43

+1.4

Smoking

1.5913

0.46

+1.5

(Midlife) obesity

1

1.60

0.47

+1.6

(Midlife) hypertension

1.611

0.48

+1.6

Healthy diet

0.60

-0.51

-1.7

Depression

1.8515

0.62

+2.1

High cognitive activity

0.38

-0.97

-3.2

a

b

14

5

Abbreviation: LIBRA, LIfestyle for BRAin Health
a
Meta-analysis on atrial fibrillation
b
Meta-analysis on estimated glomerular filtration rate as a marker of renal disease

There are a few existing dementia risk indices including the most widely-known CAIDE
(Cardiovascular Risk Factors, Aging, and Incidence of Dementia) Dementia Risk Score6 and
the ANU-ADRI (Australian National University Alzheimer’s Disease Risk Index).5 In general,
most dementia risk indices are limited to the variables included in the dataset on which
they were based (except ANU-ADRI, which used a literature-based selection of risk factors),
few indices are externally validated (except CAIDE, ANU-ADRI) and they often include nonmodifiable risk factors (e.g. age, traumatic brain injury) or non-standardized information
such as magnetic resonance imaging (MRI) measures or apolipoprotein E genotype,
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which make comparison quite difficult.16 These dementia risk indices are maximized
for predicting who is at risk, but not who benefits most from prevention. In contrasts,
LIBRA has been developed as a result of evidence-based medicine (systematic literature
review, Delphi expert consensus study, risk estimates from existing meta-analyses) and
only consists of modifiable risk factors that are readily available to health professionals in
primary care. Additionally, a modified version of the LIBRA score was used for validation
in older cohorts (i.e. late-life and very old). Obesity and hypertension were excluded
because their effects are more pronounced in midlife.1,17 A limitation of the LIBRA score is
that the ascertainment of risk and protective factors in studies is often based on relatively
crude (proxy) measures (e.g. cognitive activity based on compound score of a person’s
educational level, social activities and mental stimulation) or self-reported information
(e.g. self-report of a doctor’s diagnosis or a validated questionnaire), which can lead to
non-differential exposure misclassification or response bias.
At the moment, external validation of LIBRA against several large population-based
datasets is ongoing. Pooled risk estimates from these (ongoing) validation studies show
that in midlife and late-life, the risk for dementia increased with higher LIBRA scores
(adjusted for age, sex and educational level; see Figure 1).
In the very old (i.e. 80+ years), higher LIBRA scores did not increase the risk for dementia.
It is important to note that not all LIBRA factors were available for each individual in the
various cohort studies. This could have influenced the predictive validity of the LIBRA
score, although in general results remained similar when findings from participants with
missing factors where compared with participants with all LIBRA factors available.
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Study
ID

OR (95% CI)

Midlife

%

Weight

MAAS

1.19 (1.08, 1.32) 15.84

ELSA

1.14 (1.09, 1.20) 39.57

DESCRIPA

1.11 (1.04, 1.17) 32.34

CAIDE

1.27 (1.13, 1.43) 12.25

Subtotal (I-squared = 35.4%, p = 0.200)

1.15 (1.10, 1.21) 100.00

.

Late life

DESCRIPA

1.11 (1.05, 1.17) 94.66

Subtotal (I-squared = 0.0%, p = 0.429)

1.12 (1.06, 1.18) 100.00

CAIDE

1.22 (0.97, 1.53) 5.34

.

Very old

DESCRIPA

0.95 (0.89, 1.02) 74.84

Subtotal (I-squared = 0.0%, p = 0.759)

0.94 (0.89, 1.00) 100.00

CC75C

0.93 (0.83, 1.05) 25.16

.
NOTE: Weights are from random effects analysis
.654

1

1.53

Figure 1. Forest plot of population-based prospective studies assessing the relation between the
LIfestyle for BRAin Health (LIBRA) score and dementia risk (adjusted for age, sex and educational
level)
Abbreviations: MAAS - Maastricht Ageing Study; DESCRIPA - Development of screening guidelines and criteria for predementia
Alzheimer’s disease; ELSA - English Longitudinal Study of Ageing; CAIDE - Cardiovascular Risk Factors, Ageing and Dementia;
CC75C - Cambridge City over-75s Cohort study

New candidate risk factors
In Chapter 2, renal disease was considered to be a new candidate risk factor for cognitive
impairment or dementia. In our very broad systematic literature review and metaanalysis in Chapter 3 we found overall modest support for an association between renal
dysfunction and cognitive impairment or dementia. The debate whether chronic kidney
disease is a causal risk factor or a risk state marking microvascular changes is not settled.
Future studies looking at shared biological pathways are needed.
CHD also emerged in Chapter 2 as a possible new risk factor for dementia for which more
research was needed. In our systematic literature review and meta-analysis investigating
the association between CHD (including the most prevalent heart diseases myocardial
infarction and angina pectoris) and cognitive impairment or dementia we found that CHD
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was prospectively associated with increased odds of cognitive impairment or dementia.
Given the rising incidence rates of both CHD and dementia, mechanistic studies focusing
on the biological pathways and shared risk factors underlying the heart-brain connection
are needed. Additionally, public health campaigns focusing on these two major public
health priorities should joint forces by targeting shared risk factors (e.g. hypertension,
smoking, obesity, hypercholesterolemia, physical inactivity) in addition to promoting
healthy aging.
Obesity and cognitive decline
Obesity is one of the risk factors for which the evidence in the literature is rather inconsistent.
In Chapter 2 we found that only seven out of fourteen obesity studies found an increased
risk for cognitive impairment or dementia, while two studies demonstrated a decreased
risk and five studies revealed no significant association (50% consistency). There are many
contradictions in this fast-moving research field. These inconsistencies in findings can be
related to several methodological differences between studies (e.g. obesity measurement,
obesity cut-offs, exposure time, cognition/dementia measurement, cohort size, and mean
age of the sample). In Chapter 5, we found that that the association between obesity and
cognitive decline was not as straightforward as initially thought. Most associations were
strongly confounded by the effect of age on rate of decline. Future studies examining
the relation between obesity and cognitive decline should take this into account. Over
the last few years, some studies found no evidence for a link between obesity and
dementia risk.18,19 One study even found that being underweight was associated with
increased dementia risk and being obese was considered to be protective.20 Nevertheless,
midlife obesity is still considered to be one of the most important risk factors for primary
prevention of dementia.21 Besides, obesity will always remain one of the main targets of
public health strategies given its relation with other risk factors such as physical inactivity,
hypertension, cardiovascular disease, diabetes and unhealthy diet.
Window of opportunity
It is not quite clear which period during a person life would be the ideal timing for effective
and efficient prevention of dementia. In Chapter 6, we found that midlife and late-life
are suitable life periods to target health and lifestyle factors to reduce dementia risk.
These findings indicate that it is already possible to predict future risk of mild cognitive
impairment or dementia based upon a compound score of modifiable risk and protective
factors measured in midlife. In Chapter 7, we found that targeting modifiable risk and
protective factors at a very old age is not a feasible approach to reduce risk for cognitive
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impairment or dementia. Based on these findings, we can conclude that addressing
modifiable risk and protective by making lifestyle changes at an early stage, preferably in
midlife (‘the earlier the better’), is crucial in terms of dementia risk reduction.

Methodological considerations
Strengths
Our systematic literature reviews used broad search strategies in order to include all
available evidence on the association between modifiable risk factors and risk for
cognitive impairment or dementia (Chapter 2-4). By means of meta-analyses, we were
able to get insight in the predictive value of new candidate risk factors for cognitive
impairment or dementia based on population-based studies with prospective (Chapter 3
& 4), cross-sectional (Chapter 4) and case-control study designs (Chapter 4). Strengths of
our longitudinal studies include (1) the use of large datasets of representative samples of
the general population covering midlife (Chapter 5 & 6), late-life (Chapter 5 & 6) and very
old age (Chapter 7); (2) the inclusion of a rich set of covariates; and (3) the long followup period up to 12 (Chapter 5), 18 (Chapter 7) and 30 (Chapter 6) years providing us the
opportunity to investigate the long-term effects of modifiable risk factors on dementia
incidence.
Limitations
Our studies had several limitations. Our systematic literature reviews mainly focused
on observational studies with a follow-up of at least 1 year (Chapter 2-3). In doing so,
we might have excluded studies with promising short-term results. The observed
heterogeneity in our meta-analyses can be related to several methodological differences
across studies (e.g. ascertainment of the predictor variable, assessment of the outcome
variable, (possible) adjustment for covariates, variation in study population), although
meta-regression analyses (Chapter 4) did not identify any statistically significant source of
heterogeneity. We used random-effects meta-analyses to take into account the variability
between and within studies. Our longitudinal studies suffered from selection bias due
to selective attrition which could have led to an underestimation of any risk association.
This is a common phenomenon in ageing research.22 We tried to address these issues by
using several strategies including multiple imputation to replace missing data, inclusion
of data from proxy-informant interviews to minimize loss to follow-up, the use of inverse
probability weights to correct for possible selection bias and the inclusion of covariates
related to attrition.
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Implications for (clinical) practice and policy
Although the absolute number of people with dementia is expected to keep rising over
the coming decades due to the aging of the population, 23-25 especially in low- and middleincome countries,23,25 several studies report a declining trend in dementia incidence rates
and age-standardized prevalence in developed countries, including the Framingham Heart
Study,26 the Rotterdam Study,27 the Cognitive Function and Ageing Study (CFAS),28 the
Kungsholmen Project and Swedish National study on Aging and Care in Kungsholmen29,
the Danish 1905-Cohort and 1915-Cohort,30 the Monongahela Valley Independent Elders
Study and the Monongahela-Youghiogheny Healthy Aging Team Study,31 and the Health
and Retirement Study.32 This is good news for the field of dementia prevention since
this decline in dementia incidence and prevalence might be related to better health
awareness, rising levels of education and better management of cardiovascular risk factors
(e.g. diabetes, hypercholesterolemia and hypertension).33-35 Standard (cardio)vascular risk
management is nowadays quite comprehensive in developed countries and could lead to
a decrease in vascular complications (e.g. stroke, myocardial infarction, peripheral artery
disease) of hypertension, diabetes and hypercholesterolemia, which in turn can lead to
a decline in dementia incidence. Better management of cardiovascular risk factors in
relation to dementia incidence is confirmed by findings from the Prevention of Dementia
by Intensive Vascular Care (preDIVA) trial.36 In this 6-year multidomain practice nurse-led
cardiovascular intervention aimed at older people (70-78 years) no effect on incident
dementia after a median follow-up of 6.7 years was found.37 One possible explanation for
this null finding was the modest intensity of the intervention. Overall, the effects of the
intervention were neutral, with the exception of participants with incident hypertension,
participants without cardiovascular disease at baseline, and in a subset of participants
who developed vascular dementia. A more intensive and tailored intervention might
have resulted in a larger effect. Another explanation might be the high standard of the
cardiovascular risk management which is already implemented in the Dutch healthcare system. It is important to note that during the trial period the cardiovascular risk
management guideline was updated.38 A more proactive approach in terms of primary
prevention was recommended in individuals aged 70 years and older. As a consequence,
the control group received similar lifestyle advice as the intervention group. In the coming
years, it would be interesting to investigate whether this change in policy regarding
cardiovascular risk management may have induced changes in dementia incidence. In
general, this can be nicely summarized by the maxim ‘what’s good for your heart, is good
for your brain’.
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It must be realized that the abovementioned decline in incidence rates and agestandardized prevalence of dementia, due to better management of health and lifestyle
factors, was strictly speaking ‘’prevention by accident’’. At the time of the development
of the cardiovascular risk management program, addressing dementia was not one of
the primary objectives. This illustrates the large potential of targeting risk and protective
factors of dementia in a personalized approach.
Other large dementia prevention initiatives focusing on multivariate risk factor
reduction are the Multidomain Alzheimer Preventive Trial (MAPT),39 the Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER)40 trial and
the Healthy Aging Through Internet Counselling in the Elderly (HATICE) trial.41 In FINGER,
potential study participants were selected based on their CAIDE risk score (including
non-modifiable factors age and education).6 The cut-off of 6 points or higher indicated
the presence of some modifiable risk factors.40 The intervention group followed an
intensive protocol including nutritional guidance, physical exercise, cognitive training,
engagement in social activities, and management of metabolic and cardiovascular risk
factors, while the control group received general health advice. After two years, significant
intervention effects on cognition were established.40 A 7 year extended follow-up will be
conducted to investigate the effects on dementia incidence. It is important to note that
FINGER participants were either previous participants from the FINRISK study, the Finnish
survey database for monitoring of risk factors for chronic disease (1972-2007), or previous
participants from the Finnish type 2 diabetes prevention program’s population survey
(2004 or 2007).42 Although recruitment took place from these previous population-based
non-intervention studies, participants might have been more inclined to make sustainable
lifestyle changes and complete study participation due to their previous experiences with
these non-communicable disease risk factor surveys. This raises the question whether
similar findings can be found in various other settings and populations. Nevertheless, these
findings are immense from a public health perspective and it seems likely that they would
have received much more attention when similar results were found in a dementia drug
trial. Results of the completed MAPT trial have not been published so far, while the HATICE
trial is still ongoing. These trials focus on older adults (e.g. > 60 years) instead of middle
aged individuals mainly because 65 years and older is the optimal window for outcome
assessment given the higher incidence rate of cognitive decline and dementia later in
life.28,32 Yet, midlife seems to be the most suitable period during a person’s life in relation
to primary prevention of dementia, since lifestyle adaptations from midlife onwards are
more effective with regard to feasibility and will decrease the exposure time to risk factors
dramatically and thereby its deleterious effects on the brain.43 Therefore, a randomized
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controlled feasibility trial into dementia prevention, as part of WP3 (‘’Feasibility study of
the In-MINDD profiler and environment in practice’’) of the In-MINDD project, assessed
the effects of access to a personalized dementia risk profile (LIBRA), online profiler and
support environment and focused on middle aged persons.4 The study was conducted in
general practices across France, Ireland, the Netherlands and Scotland. Inclusion criteria
were: aged between 40 and 60 years, at least one of the modifiable risk factors incorporated
in LIBRA, and access to the Internet. The LIBRA score was used to monitor progression
in terms of dementia risk reduction over a period of 6 months. In addition, qualitative
interviews were conducted with participants and health care professionals (e.g. practice
nurses and general practitioners) in order to explore their use of the In-MINDD system
and their thoughts and understanding of dementia risk reduction. While results of this
trial are still to be awaited, some important conclusions can already be drawn from this
study. First, personal interviews with health care professionals demonstrated insufficient
knowledge regarding dementia preventive strategies. Participant interviews showed that
people need more than general health information and health advice to make and sustain
healthy lifestyle choices. Tailoring interventions to the resources and preferences of the
individual as well as giving support in the form of coaching are thus important.
From a clinical perspective, health care professionals (e.g. general practitioners, practice
nurses) should receive training in how to address the difficult and overly remote topic
dementia risk reduction in middle aged individuals and how to motivate them to make
and more importantly to sustain lifestyle adaptations. Additionally, since approximately
80% of the risk and protective factors incorporated in LIBRA are also addressed in the
cardiovascular risk management program of Dutch general practitioners, it will be a
small step to implement the additional risk factor assessment (e.g. renal dysfunction,
mental activity, depression) in the general workflow. Health care professionals could give
personalized lifestyle advice based on an individual’s LIBRA risk factor profile. This could
eventually lead to a decrease in health care costs of diseases associated with dementia risk
such as heart disease, stroke, depression and obesity. On the long term, this could lead
to decrease in workload of health care professionals due to a reduction in the number of
medical consultations. Policy makers in the Netherlands might learn from other countries
when it comes to dementia prevention strategies. In the United Kingdom, the National
Health Service Health Checks program started in 2009, initially aimed at preventing
stroke, kidney disease, heart disease and diabetes.44 Every British adult between 40 and
74 years without pre-existing diabetes or cardiovascular disease is invited every 5 years
by their general practitioner for a free routine structured cardiovascular check. During
this health check (20-30 minutes), the health care professional offers advice to promote
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a healthier lifestyle (e.g. treatment of risk factors and providing support for behavioral
changes). In 2016, the dementia component was added to this health check and it aims to
increase awareness of dementia among people aged 65 to 74. Health care professionals
have access to online training programs focusing on this dementia component. A similar
approach seems feasible in the Netherlands.
These above-mentioned findings have also important implications for policy making and
public health advice. Policy makers must become aware that dementia risk reduction
at an early stage (preferably in midlife) will save costs associated with dementia care
by reducing the prevalence of dementia. In the Netherlands, the average annual costs
associated with dementia is estimated on €14,056 per person, whereas the prevalence
of dementia is estimated on 210,366 persons.45 Thus, a 10% reduction in dementia
prevalence could possibly lead to a decrease of approximately €300 million per year. Yet,
a reduction in the number of people with dementia will lead to longer life expectancy
and as a consequence an increase in the costs associated with other diseases in life years
gained. We did not correct for this in the abovementioned rough estimation. Simulation
studies of dementia risk reduction strategies showed the large potential of these trials in
terms of cost-effectiveness.46,47 Additionally, preventive strategies will stimulate people
to live longer and healthier and thereby staying longer in their jobs, which is important
in times of late retirement. Of course, the impact of such a dementia prevention strategy
will not be immediately visible. It is a societal investment in our common future. Given
the lack of knowledge among the general public regarding dementia risk reduction,48,49
future public health campaigns should spread the message that you can do something
about your own dementia risk by promoting a healthy lifestyle and give people advice
on how to target the involved risk factors. It is still debatable whether future dementia
prevention trials should focus on individuals at high risk for dementia (e.g. individuals
with most ‘room for improvement’) or the general population. From a clinical perspective,
it can be reasonably argued to reach those at highest risk and most in need, but from
a public health perspective you might exclude persons who could also benefit from
lifestyle changes. Related to this is the so-called ‘prevention paradox’ in which a very
modest intervention effect can have major consequences at population level, while on
an individual level effects are insignificant. For instance, a decrease of 5 or 10 mmHG in
diastolic or systolic blood pressure can have substantial effects on dementia incidence,
but for the individual the effects are negligible.50
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Future directions
So far, billions of dollars have been invested in trials focusing on a pharmalogical treatment
for dementia. Unfortunately, none of the tested drugs have proven to be effective, yet.51
While finding a disease-modifying drug for dementia is an important area of research and
would represent a ‘game changer’, a sole focus on pharmacological options is too narrowminded and ignores the facts presented. Therefore, dementia research should focus
more on primary prevention of dementia as an important additional strategy in the fight
against dementia. The complex multi-causal etiology of dementia asks for a multifactorial
approach to delay or prevent the onset. In the near future, well-designed randomized
controlled trials are needed that investigate the effects of targeting simultaneously
multiple health and lifestyle-related risk factors on dementia incidence, ideally by
following middle aged people over several decades. Besides these efficacy trials, there
is also an urgent need for effectiveness trials that test dementia prevention in real life
(e.g. In-MINDD). Experiences from (ongoing) prevention trials in other chronic conditions
(e.g. diabetes management) should be taken into account in the optimal design of such
a multi-domain program. Additionally, available longitudinal datasets focusing on the
association between modifiable risk and protective factors and dementia risk must be
used to inform the concept and methodology of new dementia prevention trials. For
instance, these observational studies should identify specific target groups at high risk of
dementia and they should focus on unraveling possible interrelations, interactions and
mechanisms between risk and protective factors for cognitive impairment and dementia.
Besides, LIBRA might be a useful tool for participant selection/risk stratification (who
benefits most from prevention) and as intermediate outcome measurement (change in
dementia risk score) in future intervention studies.
Still, there are some hard challenges to the field of dementia prevention and promotion
of health behavior change including insufficient general knowledge, selection of target
groups (e.g. everybody or only high risk groups), diversity in treatment preferences (e.g.
group or individual approach), lack of time, lack of motivation and social support, financial
costs, physical restrictions, and entrenched attitudes and behaviors. Unfortunately, most
of these issues are particularly pronounced in the ‘hard to reach’ groups (e.g. low socioeconomic background, low educational level, ethnic minority groups). Unsurprisingly,
this is the target audience you want to reach in order to reduce health inequalities.
Inequalities in health status due to socioeconomic status, employment, geographical
location, ethnicity, and gender are generally considered to be unacceptable, but they still
exist and need to be put on research and policy agendas by priority.
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Based on the findings of this thesis and lessons learned from the In-MINDD project
and previous dementia prevention trials as described above, a new project called the
‘MyBraincoach’ project was started very recently in Limburg, a province in the south of the
Netherlands. The overall aim of this project is to raise understanding about dementia risk
reduction/brain health. A dementia awareness campaign will be launched in collaboration
with local authorities and municipal health services. As part of this campaign, an e-health
application will be developed and tested to raise more public awareness about dementia
risk reduction. This e-health application contains a personal action plan for improving
individual brain health by taking into account an individual‘s ‘room for improvement’
(based on the LIBRA score) and treatment preferences. Next, motivational e-coaching and
local health service mapping will be implemented to attain individual goals. The duration
of this project will be 2.5 years, after which the impact will be evaluated.
In sum, the future of dementia prevention research requires a number of actions: (1)
overcome key barriers (e.g. identify the optimal window of opportunity where risk
factors have the best potential to positively or negatively affect brain health; tackling
of methodological challenges of multi-domain intervention trials); (2) a personalized
approach to convince and motivate people to make sustainable lifestyle changes; (3)
improving infrastructure and sharing of knowledge by facilitating more international
collaboration between research groups (e.g. use and sharing of data); and (4) translation
of research findings into effective public and professional messaging (e.g. go for ‘low
hanging fruit’ – promoting lifestyle changes that potentially have the biggest influence
on dementia risk).

Conclusions
The thesis improves our understanding about the relation between health and lifestylerelated risk factors and dementia and highlights the large potential for dementia
prevention by means of risk reduction. Taken together, it is now time for a (inter)national
strategy on dementia prevention in order (1) to raise public awareness that dementia
risk can indeed be modified and that a healthy lifestyle supports long-term brain health;
and (2) to decrease the (future) prevalence of dementia and its associated burden for
individuals and for society as a whole, and related health care costs.
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SUMMARY
Dementia is a global public health problem given its rise in absolute numbers and
associated health care costs. In view of the absence of a disease-modifying drug for
dementia, primary prevention of dementia is receiving more attention in these days. In
this thesis, we aimed to obtain deeper insights in the potential of dementia prevention
by investigating the role of modifiable risk factors of dementia in the general population.
In Part I, we summarized the available evidence regarding modifiable risk and protective
factors of cognitive impairment or dementia. In Part II, we prospectively examined
the (combined) effects of modifiable risk and protective factors on incident cognitive
impairment or dementia.
In Chapter 2, we provided a systematic review and Delphi consensus study which
identified and ranked modifiable risk and protective factors based on their importance
for primary prevention of dementia by general practitioners. Strong support was found
for depression, (midlife) hypertension, physical inactivity, diabetes, (midlife) obesity, high
cholesterol and smoking, while other factors like renal dysfunction, coronary heart disease,
(healthy) diet and cognitive activity needed further validation. Based on the findings of
this chapter, the ‘LIfestyle for BRAin Health’ (LIBRA) score was developed. LIBRA consists
of the abovementioned health and lifestyle factors and assesses a person’s potential for
dementia prevention.
In Chapter 3, we investigated the prospective association between markers of renal
dysfunction and development of cognitive impairment or dementia in a systematic
review and meta-analysis. Overall, the evidence for this association was modest, with
sufficient evidence for albuminuria, mixed results for estimated glomerular filtration rate
(eGFR), tentative evidence for serum creatinine and creatinine clearance, and insufficient
support for cystatin C. Pooled results showed that individuals with albuminuria have a
35% increased risk of developing cognitive impairment or dementia.
In Chapter 4, we examined the relation between coronary heart disease and risk for
cognitive impairment or dementia in a systematic review and meta-analysis of all
available population-based studies. Meta-analyses of prospective studies showed that
coronary heart disease was associated with a 45% increased risk of cognitive impairment
or dementia. Separate meta-analyses of individual predictors (myocardial infraction and
angina pectoris) showed similar results. Meta-analyses of cross-sectional and case-control
studies were inconclusive, probably due to the moderate to substantial heterogeneity
among studies and the low number of included studies.
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In Chapter 5, we investigated the association between obesity and cognitive decline
in 1,807 individuals of the Maastricht Ageing Study (MAAS). At first inspection results
were rather straightforward. Baseline obesity was associated with a decline in memory,
executive function and processing speed over a 12 year follow-up period independent
of other cardiovascular risk factors. However, age stratification and subsequent model
adjustments showed that most of the associations were confounded by the effect of
age on the rate of decline. The findings of this study confirmed the importance of the
methodological choices made during study design and data analysis.
In Chapter 6, we used the population-based Cardiovascular Risk Factors, Aging and
Dementia (CAIDE) study to examine the predictive accuracy of the LIBRA score for mild
cognitive impairment and dementia in midlife (40-50 years) and late-life (65-79 years), in
individuals with high or low genetic risk based on presence of the apolipoprotein ε4 allele.
Higher midlife LIBRA scores were associated with higher risk of mild cognitive impairment
and dementia, whereas higher LIBRA scores in late-life were associated with an increased
risk of mild cognitive impairment only. Higher late-life LIBRA score was related to higher
dementia risk among APOE ε4 non-carriers. The LIBRA-APOE interaction was not significant
in midlife. These findings indicate that it is possible to predict future risk of mild cognitive
impairment or dementia based upon a compound score of modifiable risk and protective
factors measured in midlife.
In Chapter 7, we studied the association between well-known modifiable risk and
protective factors and severe cognitive impairment or dementia in 278 individuals aged
85 years or older from the population-based Cambridge City over-75s Cohort (CC75C)
Study. None of the risk and protective factors were associated with risk of severe cognitive
impairment or dementia after 18 years of follow-up. These findings indicate that the
association between well-established (midlife) risk and protective factors and subsequent
severe cognitive impairment or dementia may not persist into very old age.
In Chapter 8, we provided a general discussion. Furthermore, this last chapter is followed
by a summary of the findings, a description of knowledge valorization, acknowledgements,
a list of publications, and information about the author.
Overall, the studies in this thesis improved our understanding about the role of modifiable
risk and protective factors in the etiology of dementia, led to the development of a
promising innovative tool for dementia prevention, and made positive contributions
toward the significance of primary prevention of dementia in the general population, and
specifically in middle-aged persons.
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Wereldwijd vormt dementie een toenemend volksgezondheidsprobleem vanwege de
stijgende aantallen mensen met een vorm van dementie en toenemende zorgkosten.
Aangezien er momenteel nog steeds geen causale behandeling voor dementie
beschikbaar is, bestaat er de laatste jaren meer belangstelling voor primaire preventie
van dementie. In deze dissertatie, hebben we geprobeerd om meer inzicht te krijgen in
het potentieel van primaire preventie van dementie door middel van onderzoek naar de
rol van modificeerbare risico- en beschermende factoren van dementie in de algemene
bevolking. Deel I vat de beschikbare evidentie met betrekking tot modificeerbare risicoen beschermende factoren van cognitieve achteruitgang of dementie samen. Deel II
onderzoekt prospectief de (gecombineerde) effecten van modificeerbare risico- en
beschermende factoren op incidente cognitieve achteruitgang of dementie.
In Hoofdstuk 2 hebben we een literatuuronderzoek en Delphi-studie gepresenteerd
waarin de belangrijkste risico- en beschermende factoren met betrekking tot hun belang
voor de primaire preventie van dementie geïdentificeerd en gerangschikt zijn. Sterk
bewijs werd gevonden voor depressie, hypertensie (op middelbare leeftijd), onvoldoende
lichaamsbeweging, diabetes, obesitas (op middelbare leeftijd), verhoogd cholesterol
en roken, terwijl er meer validatie nodig is voor factoren zoals nierziekten, coronaire
hartziekten, (gezond) dieet en mentale stimulatie. Op basis van de resultaten van dit
hoofdstuk is de ‘LIfestyle for BRAin Health’ (LIBRA; leefstijl voor een gezond brein) score
ontwikkeld. LIBRA bestaat uit de bovengenoemde gezondheids- en leefstijlfactoren en
reflecteert een individu’s potentieel voor dementie preventie.
In Hoofdstuk 3 hebben we de prospectieve associatie tussen verschillende maten voor
nierfunctie en het ontwikkelen van een cognitieve stoornis of dementie onderzocht in
een literatuuronderzoek en meta-analyse. In het algemeen was het bewijs voor deze
associatie bescheiden, met voldoende bewijs voor albuminurie, gemengde resultaten
voor estimated glomerular filtration rate (eGFR), voorzichtig bewijs voor serum creatinine
en creatinineklaring, en onvoldoende bewijs voor cystatin C. Gepoolde resultaten
lieten zien dat mensen met albuminurie een verhoogd risico van 35% hebben op het
ontwikkelen van een cognitieve stoornis of dementie.
In Hoofdstuk 4 werd de relatie tussen coronaire hartziekten en het risico op een cognitieve
stoornis of dementie onderzocht in een literatuuronderzoek en meta-analyse van alle
beschikbare bevolkingsonderzoeken. Meta-analyses van prospectieve studies lieten
zien dat coronaire hartziekten zijn geassocieerd met een 45% verhoogde kans op het
krijgen van een cognitieve stoornis of dementie. Separate meta-analyses van individuele
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voorspellers (angina pectoris, myocard infarct) toonden vergelijkbare resultaten. Metaanalyses van cross-sectionele studies en patiënt-controle onderzoek waren niet conclusief,
waarschijnlijk door de matige tot substantiële heterogeniteit tussen studies en het laag
aantal geïncludeerde studies.
In Hoofdstuk 5 werden de effecten van obesitas op cognitieve achteruitgang onderzocht
in 1,807 deelnemers van de Maastricht Ageing Study (MAAS). Bij een eerste beschouwing
leken de resultateneenduidig geïnterpreteerd te kunnen worden. Bijvoorbeeld, obesitas
bij aanvang van de studie was geassocieerd met een achteruitgang in geheugen, executief
functioneren en verwerkingssnelheid over een periode van 12 jaar, onafhankelijk van
andere cardiovasculaire factoren. Echter, leeftijd-stratificatie liet zien dat het merendeel
van de gevonden associaties vertekend werden door het effect van leeftijd op de
mate van cognitieve achteruitgang. De bevindingen van deze studies laten het belang
van methodologische keuzes zien tijdens het opzetten van een studie als deze en het
analyseren van de data.
In Hoofdstuk 6 hebben we de prospectieve Cardiovascular Risk Factors, Aging and
Dementia (CAIDE) cohortstudie gebruikt om de voorspellende waarde van de LIBRA
score, gemeten op middelbare leeftijd (40-50 jaar oud) en op latere leeftijd (65-79 jaar
oud), voor een milde cognitieve stoornis of dementie onderzocht in personen met een
hoog of laag genetisch risico op dementie op basis van de aanwezigheid van het APOE ε4
allel. Over een periode van maximaal 30 jaar bleken hogere LIBRA scores op middelbare
leeftijd geassocieerd te zijn met een hogere kans op een milde cognitieve stoornis of
dementie, terwijl hogere LIBRA scores op latere leeftijd geassocieerd waren met alleen
een verhoogd risico op een milde cognitieve stoornis. Een hogere LIBRA score op latere
leeftijd was gerelateerd aan een hogere kans op dementie in niet-dragers van het APOE
ε4 allel. De interactie tussen LIBRA en APOE genotype was daarentegen niet significant op
middelbare leeftijd. Deze bevindingen laten zien dat het mogelijk is om op basis van een
samengestelde score van modificeerbare risico- en beschermende factoren, gemeten bij
een individu op middelbare leeftijd, het toekomstig risico op het krijgen van een milde
cognitieve stoornis of dementie met een zekere nauwkeurigheid te voorspellen.
In Hoofdstuk 7 hebben we de relatie tussen welbekende modificeerbare risico- en
beschermende factoren en een ernstige cognitieve stoornis of dementie bestudeerd
in 278 deelnemers van 85 jaar of ouder van de prospectieve Cambridge City over-75s
Cohort (CC75C) Study. Over een periode van 18 jaar was geen enkele van deze risico- en
beschermende factoren geassocieerd met een ernstige cognitieve stoornis of dementie.
Deze resultaten tonen aan dat de associaties tussen welbekende risico-en beschermende
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factoren en daaropvolgende cognitieve stoornissen of dementie op hoge leeftijd niet
meer gevonden kunnen worden.
Hoofdstuk 8 bevat een algemene discussie van onze bevindingen en plaatst deze in een
bredere, maatschappelijke context. Tenslotte bevat deze dissertatie een samenvatting van
de resultaten, een beschrijving van kennisvalorisatie, een dankwoord, een publicatielijst,
en informatie over de auteur.
In het algemeen hebben de studies in deze dissertatie beter inzicht gegeven in de rol van
modificeerbare risico- en beschermende factoren in de etiologie van dementie, hebben
zij geleid tot de ontwikkeling van een veelbelovend en innovatief instrument voor de
preventie van dementie, en hebben zij positief bijgedragen aan de discussie over het nut
van primaire preventie van dementie in de algemene bevolking, met name bij mensen
van middelbare leeftijd.
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The aim of this thesis was to investigate the role of modifiable risk and protective factors
of dementia in the general population. This valorization paragraph addresses the societal
relevance and implementation opportunities of the results described in this thesis.
Mrs. Robinson is a 50 year old woman, slightly overweight and a heavy smoker, who lives
together with her husband in one of the suburbs of Maastricht. After a visit to her 90-year old
aunt who suffers from dementia, she wonders about her own dementia risk. She realizes that
her lifestyle is not that healthy and could potentially lead to cardiovascular problems, but she
wonders whether there is also a relation between lifestyle and dementia risk. She makes an
appointment with her general practitioner to discuss this issue.

Societal relevance
The steady increase in dementia incidence is one of the core challenges facing our aging
society. Estimations show that the number of people living with dementia will double
in the next 15 years and may even triple in the coming 35 years. Additionally, the costs
associated with dementia are predicted to only rise further in the coming decades. If the
global societal economic costs of dementia were the expenditure of a country, it would be
comparable with a ranking in the 20 largest economies in the world. Next to societal costs,
the impact on the quality of life of the person with dementia and their caregivers, families
and friends are immense. For these reasons, the World Health Organization (WHO) made
dementia a global public health priority.
Identification of risk and protective factors of dementia is of importance since there are
no curable treatments for dementia at present. It is shown that targeting modifiable risk
factors will potentially decrease the risk of dementia or delay its onset. Surveys in the
United Kingdom and Australia among the general public have shown that most people
are unaware that there is an association between modifiable risk and protective factors
and dementia. The general idea is that there is nothing that one can do to decrease one’s
own dementia risk. This seems to be a misconception based on the findings of recent
studies. Seven modifiable risk factors (e.g. diabetes, midlife hypertension, midlife obesity,
smoking, depression, low educational attainment and physical inactivity) are responsible
for around 30% (9.6 million cases) of all dementia cases worldwide. Estimations show that
a 10% reduction per decade in the prevalence of these seven modifiable risk factors could
eventually lead to a reduction of the global prevalence of dementia of 8.3% in 2050 (8.8
million cases). Likewise, delaying the onset of dementia by 5 years would lead to reduce
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the number of cases by a third and alleviate economic costs by 36%. In other words, there
is a huge potential for dementia prevention.
Studies in this thesis identified (new) risk factors that can be used in dementia prevention
programs. Additionally, more systematic evidence was provided for some risk factors
for which more research was needed. Furthermore, findings in this thesis confirm that
individuals with multiple health and lifestyle-related risk factors have an increased risk of
dementia.

Target groups
The findings described in this thesis are relevant for the general public (and more
specifically individuals at high risk for dementia), health care professionals, public health
advocates, researchers and policy makers.
Our results are relevant for all people who are interested to know how they could
reduce their own dementia risk. More specifically, persons at high risk (e.g. presence
of more health and lifestyle related risk factors) of dementia could benefit most from
these findings by making suitable lifestyle adjustments. Targeting risk factors in an early
phase (e.g. midlife) is probably more feasible and most effective since this will decrease
the duration of exposure to risk factors and its accumulated effects on the brain. Health
care professionals (e.g. general practitioners, practice nurses) could also benefit from
this knowledge since the link between modifiable risk factors and dementia risk is not
generally known. Based on a patient’s risk factor profile they could give tailored lifestyle
advice. This could eventually lead to substantial cost-reductions due to a reduction in
the number of medical consultations and improved management of chronic disease
like diabetes, stroke, coronary heart disease, obesity, depression and renal dysfunction.
The products emerging from this thesis as described below are relevant for researchers
in the field of dementia prevention and dementia epidemiology. These can be useful
for participant selection/risk stratification (who benefits most from prevention) and as
intermediate outcome measurement (change in dementia risk score) in intervention
studies. Policy makers must become aware that early identification and targeting of risk
factors is important to decrease future dementia risk. Future public health campaigns
have to incorporate the findings of this thesis into their messages.

Products
Based on the studies in this thesis, the ‘LIfestyle for BRAin Health (LIBRA)’ score was
developed, an instrument that assesses an individual’s potential for dementia prevention.
This multifactorial environmental risk tool consists of twelve modifiable risk and
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protective factors that can be addressed by making lifestyle changes. The LIBRA score
has been used as a personalized score of brain health in a European multicenter trial
into dementia prevention as part of the In-MINDD (Innovative Midlife Intervention for
Dementia Deterrence) project. Based on the LIBRA score, an on-line profiler and support
environment was developed to calculate an individual’s dementia risk modification profile
and to support access to health information and goal setting, respectively. The effects of
the LIBRA score (as a proxy outcome) and online support environment has been tested in a
lifestyle intervention feasibility trial in primary care across France, Ireland, the Netherlands
and Scotland. The results of this trial are expected in the coming months.

Innovation
In comparison with already existing dementia risk indices LIBRA is based on evidencebased medicine and contains only modifiable risk factors instead of pre-determined risk
factors like age and particular genotypes. Other risk indices are maximized for predicting
who is at risk and not who benefits from prevention. Additionally, they are often developed
based on a single dataset and in most cases have not been validated in external datasets.
Currently, several validation studies with LIBRA are ongoing. International and national
collaborations (including United States, Australia, United Kingdom, France and Sweden)
have been started to investigate the predictive validity of LIBRA in large population-based
datasets.

Implementation
In this thesis a strong case was made for an early start of dementia prevention. We have
made the first steps to initiate a prevention campaign. The findings of this thesis will be
implemented in the ‘MyBraincoach’ project that started very recently. In this project, a
dementia awareness campaign will be launched in Limburg, a province in the south of
the Netherlands, in collaboration with local authorities and municipal health services.
The overall aim of this campaign is to communicate the message that dementia risk can
be modified and that a healthy lifestyle supports long-term brain health. In tandem,
an e-health application will be developed and tested to raise more public knowledge
about dementia risk reduction. This e-health application can propose a personal action
plan for improving individual brain health by taking into account an individual‘s ‘roomfor-improvement’ (based on the LIBRA score) and treatment preferences. Next, active
e-coaching and local health service mapping will be implemented to attain individual
goals.
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Back to Mrs. Robinson. Based on the ongoing dementia awareness campaign by Maastricht
University, her general practitioner became interested in the subject and asked for a copy of this
thesis. He found out that his initial thoughts about the relation between lifestyle and dementia
risk after years of suspicious were confirmed. He pointed her to the website of ‘MyBraincoach’,
where she could discover more about her personal possibilities to improve her brain health
and download an app to help her making sustainable lifestyle choices.
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ontzettend dankbaar voor. Je bent niet alleen ontzettend belangrijk geweest voor
mijn wetenschappelijke carrière, maar je wees mij er altijd haarfijn op dat ik mij ook op
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wetenschappelijke, klinische en managementtaken) aan mij hebt gegeven. Je hebt mij
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fellowship. Nogmaals dank hiervoor. Je bent een voorbeeld voor velen!
Via deze weg wil ik ook Alzheimer Nederland, de Alzheimer’s Society UK en hun donateurs
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Andrew and Dorina, many thanks for giving me the opportunity to work with ELSA. I
learned a lot during my stay in London. I hope that our work will result in an excellent
publication.
Daarnaast zijn er nog een aantal belangrijke personen die ik van ganser harte wil bedanken
aangezien zij aan de basis van mijn carrière hebben gestaan en hebben bijgedragen
aan mijn persoonlijke ontwikkeling: Elly Kersten, Wim Meulders, Wilma Noteborn, Ingrid
Weijnen en Dymphie in de Braek. Jullie zijn toppers!
Daarnaast wil ik graag alle collega’s bedanken voor de fijne tijd. Veel dank gaat uit naar
mijn (oud)kamergenootjes Syenna, Inge, Babette en Elles. Jullie hebben het vast heel
zwaar met mij gehad. Syenna, de spontaniteit spat er bij jou vanaf en je bent altijd bereid
om te sparren over wetenschappelijke vraagstukken. Wat hebben wij een bekijks gehad
in Beijing toen ik je de trappen van de metro op en af moest helpen. Inge, met verbazing
heb ik moeten constateren dat jij (in vergelijking met de andere kamergenoten) verreweg
het meeste Chinees eten op krijgt. Bedankt voor je nuchtere Kerkraadse blik op de
wereld. Babette, wat hebben wij vaak in een deuk gelegen om jouw opmerkingen (Is
dat Hindi?). Elles, bedankt voor je altijd ongenuanceerde meningen. Liselot, samen naar
de middelbare school en nu collega’s, je bent altijd dezelfde lieve Lot gebleven. Leonie,
bedankt voor al je inzet en hulp bij het MVV-project. Danielle, bedankt voor al jouw hulp
op het administratieve vlak. Nico en Els, kort en krachtig: jullie zijn helden! Willemijn en
Els, het samen organiseren van het (succesvolle) ACL Jubileumsymposium was een feest
op zich!
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Rick en Hamza, onze vriendschap gaat al heel wat jaren terug. Van voetballen in de
hondenpoep op het Burgemeester Dohmenplein tot het mij alleen op een kamer laten
slapen bij een freak in Bergamo. Ik geniet elke keer van jullie grappen en grollen, maar
gelukkig kunnen we ook hele serieuze gesprekken voeren. Ik hoop jullie nog jaren aan
mijn zijde te hebben staan!
Stefan en Tamara, bedankt voor de heerlijke etentjes, de gezellige spellenavonden en fijne
gesprekken. Jullie vriendschap is verrijkend.
Karel, Monique en Danielle. Bedankt voor alle afleiding de afgelopen jaren. De zeer
uitgebreide ontbijtjes op zondagochtend, de heerlijke barbecues in de zomer, de uitstapjes
naar het wielrennen en de klusprojecten zijn maar een paar van de vele voorbeelden. Het
klinkt cliché, maar ik kan geen betere schoonfamilie wensen.
Tom, Thijn en Toke, bedankt voor de nodige afleiding de afgelopen jaren. Thijn en Toke, het
ravotten (lees: strikte commando’s opvolgen) met jullie in de weekenden heeft gelukkig
voor heel wat ontspanning gezorgd.
Dienja, Aris en Nina, de liefste inwoners van Tiel. Bedankt voor de bezoekjes, uitstapjes en
fijne gesprekken de afgelopen jaren. Het hoogtepunt was toch wel onze rondreis door
West-Amerika. Drie weken heerlijk rondrijden in onze ‘MUF’, maar geen tijd hebben voor
zeeolifanten. Fabulicious!
Huub en Ine, jullie hebben mij gevormd tot de persoon die ik nu ben. De vastberadenheid
en daadkracht van Ma en het doorzettingsvermogen en de kalmte van Pa dragen hier
aanzienlijk aan bij. Ik ben een mooie mix van jullie beiden. Hartelijk dank hiervoor.
Eveneens bedankt voor jullie luisterend oor en de interesse in mijn werk de afgelopen
jaren. Ik ben ontzettend blij met jullie als ouders.
Als laatste de allerbelangrijkste persoon in mijn leven. Lieve Clau, wat ben ik blij dat ik
je 6 jaar geleden heb ontmoet. Bedankt voor al je liefde en onvoorwaardelijke steun de
afgelopen jaren. Je bent een godsgeschenk. We gaan een mooie toekomst tegemoet
in Schinnen. Ik wil heel oud met je worden, maar vooral samen genieten van de kleine
dingen in het leven!
Op het leven! And to be continued…..
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THESIS DEFENSES FROM MHENS - SCHOOL FOR MENTAL HEALTH
AND NEUROSCIENCE
2013
Rob Havermans: Bipolar disorder in daily life;
Mood and cortisol responses to naturally
occurring events. Supervisor: Prof.dr. M. de
Vries; Co-Supervisor: Dr. N. Nicolson.
Véronique
Moers-Hornikx:
Deep
brain
stimulation
and
the
cerebellum.
Supervisors: Prof.dr. J. Vles / Prof.dr. Y. Temel;
Co-Supervisor: Dr. G. Hoogland.
Nicole Veldhorst-Janssen: Intranasal delivery of
rapid acting drugs. Supervisors: Prof.dr. M.
Marcus / Prof.dr. C. Neef; Co-Supervisor: Dr.
P.H. van der Kuy.
Stéphanie Knippenberg: Vitamin D and Multiple
Sclerosis: immunological and clinical
outcome. Supervisor: Prof.dr. J. CohenTervaert; Co-Supervisors: Dr. J. Damoiseaux /
Dr. Y. Bols.
Erik
D.
Gommer:
Dynamic Cerebral
Autoregulation:
from
methodology
towards clinical application. Supervisors:
Prof.dr. W.H. Mess / Prof.dr. R.B. Panerai, UK;
Co-Supervisor: Dr.ir. J.P.H. Reulen.
Olga A.H. Reneerkens: Can PDE inhibition
improve cognition ? Translational insights.
Supervisor: Prof.dr. H.W.M. Steinbusch; CoSupervisor: Dr. J. Prickaerts;.
Lyzel S. Elias-Sonnenschein: Clinical and
biomarker correlates of genetic risk factors
for Alzheimer’s disease. Supervisor: Prof.dr.
F.R.J. Verhey; Co-Supervisor: Dr. P.J. Visser.
Diego F. Mastroeni: Epigenetic Dysregulation
and the Pathophysiology of Alzheimer’s
Disease. Supervisors: Prof.dr. H.W.M.
Steinbusch / Prof.dr. P.D. Coleman, Sun City,
Arizona; Co-Supervisors: Dr. B.P.F. Rutten /
Dr. D.L.A. van den Hove.
Leonidas Chouliaras: Epigenetic Regulation
in Aging and Alzheimer’s disease: A
translational perspective. Supervisor: Prof.
dr. H.W.M. Steinbusch; Co-Supervisors:
Dr. B.P.F. Rutten / Dr. D.L.A. van den Hove.

Liesbeth Knaepen: Perinatal events and altered
pain sensitivity in later life. Supervisors:
Prof.dr. E.A.J. Joosten / Prof.dr. D. Tibboel,
EUR; Co-Supervisor: Dr. J. Patijn.
Marisela
Martinez-Claros:
Hippocampal
plasticity and corticosterone: From
dendrites to behaviour. Supervisor:
Prof.dr.
H.W.M.
Steinbusch;
CoSupervisors:
Dr.
J.L.
Pawluski
/
Dr. J. Prickaerts.
Marcus D. Lancé: A circle of improvement in
bleeding management: from laboratory
to clinic and back. Supervisors: Prof.dr.
M.A.E. Marcu / Prof.dr. J.W.M. Heemskerk;
Co-Supervisor: Dr. Y.M.C. Henskens.
Hilde Braakman: Imaging the brain; neuronal
correlates of cognitive impairment in
children with frontal lobe epilepsy.
Supervisors: Prof.dr. A.P. Aldenkamp /
Prof.dr. J.S.H. Vles; Co-Supervisors: Dr.ir. W.H.
Backes / Dr. P.A.M. Hofman.
Willem H. van Zwam: Aneurysmal subarachnoid
hemorrhage: imaging strategies and
cost-effectiveness aspects in diagnostic
work-up and post-therapeutic followup. Supervisors: Prof.dr. J.T. Wilmink /
Prof.dr. J.E. Wildberger; Co-Supervisor:
Dr. P.A.M. Hofman.
Klara De Cort: The Pathogenesis of Panic
Disorder. Supervisors: Prof.dr. I. MyinGermeys / Prof.dr. E.J.L. Griez; CoSupervisors: Dr. K.R.J. Schruers / Dr. I. Van
Diest, Leuven.
Kim van Wijck: Mind the Gap; experimental
studies on splanchnic hyperfusion and
gastrointestinal integrity loss in man.
Supervisors: Prof.dr. W.A. Buurman /
Prof.dr. C.H.C. Dejong; Co-Supervisor: Dr. K.
Lenaerts.
Yvette
Roke:
Antipsychotic-induced
hyperprolactinemia in children and
adolescents with mainly autism spectrum

255

8

CHAPTER 8

disorders. Prevalence, symptoms, clinical
consequences and genetic risk factors.
Supervisors: Prof.dr. P.N. van Harten / Prof.
dr. J.K. Buitelaar (RUN); Co-Supervisor: Dr. A.
Boot (UMCG).
Fleur Goezinne: Retinal detachment surgery:
pre and postoperative prognostic
factors. Supervisors: Prof.dr. F. Hendrikse
/ Prof.dr. C.A.B. Webers; Co-Supervisor:
Dr. E.C. La Heij (Amsterdam).
Ralph L.J.G. Maassen: The Merits of
Videolaryngoscopy
during
Glottic
Visualisation for Endotracheal Intubation.
Supervisors: Prof.dr. M. Marcus / Prof.dr. A.
van Zundert (University of Queensland).
Maria J. de Sousa Guerreiro: The role of sensory
modality in age-related distraction.
Supervisor: Prof.dr. C.M. van Heugten; CoSupervisor: Dr. P.W.M. van Gerven.
Ine Rayen: Effects of developmental fluoxetine
exposure on neurobehavioral outcomes.
Supervisor: Prof.dr. H.W.M. Steinbusch;
Co-Supervisors: Dr. J.L. Pawluski /
Dr. T.D. Charlier (Ohio University, USA).
Nynke M.G. Bodde: Psychogenic non-epileptic
seizures; a separate disorder or part of
a continuum? Supervisors: Prof.dr. R. van
Oostenbrugge / Prof.dr. K. Vonck (UZ Gent);
Co-Supervisors: Dr. R. Lazeron / Dr. A. de
Louw (Epilepsiecentrum Kempenhaeghe,
Heeze).
Alejandro M. Gomez: Novel strategies for
making myasthenia less gravis: targeting
plasma cells and the neuromuscular
junction. Supervisor: Prof.dr. M.H. De Baets;
Co-Supervisors: Dr. M. Losen / Dr. P. MartinezMartinez.
Mohammad S. Rahnama’i: Prostaglandins
and Phosphodiesterases in the Urinary
Bladder Wall. Supervisors: Prof.dr. Ph.
Van Kerrebroeck / Prof.dr. S. de Wachter
(Universiteit Antwerpen); Co-Supervisor: Dr.
G. van Koeveringe.
Mariken B. de Koning: Studying biomarkers in
populations at genetic and clinical high
risk for psychosis. Supervisors: Prof.dr. T.
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Amelsvoort / Prof.dr. J. Booij (AMC).
Fabien Boulle: Epigenetic regulation of BDNF/
TrkB signaling in the pathophysiology
and treatment of mood disorders.
Supervisors: Prof.dr. H.W.M. Steinbusch /
Prof.dr. L. Lanfumey (Universiteit Parijs);
Co-Supervisors: Dr. D. van den Hove /
Dr. G. Kenis.

2014
Iris Nowak-Maes: Tinnitus; assessment of
quality of life & cost-effectiveness.
Supervisors: Prof.dr. M. Peters / Prof.dr.
B. Kremer; Co-Supervisors: Dr. M. Joore /
Dr. L. Anteunis.
Marjolein Huijts: Cognitive function in patients
with cerebral small vessel disease.
Supervisor: Prof.dr. R.J. van Oostenbrugge;
Co-Supervisors: Dr. A.A. Duits / Dr. J. Staals.
Markus Gantert: Fetal inflammatory injury
as origin of long term disease: Lessons
from animal models. Supervisors: Prof.
dr. B. Kramer / Prof.dr. L. Zimmermann; CoSupervisor: Dr. A. Gavilanes.
Elke Kuypers: Fetal development after
antenatal exposures: Chorioamnionitis
and maternal glucocorticoids. Supervisors:
Prof.dr. B.W. Kramer / Prof.dr. H.W. Steinbusch
/ Prof.dr. Suhas G. Kallapur (University of
Cincinnati, Ohio, USA).
Pieter Kubben: Ultra low-field strength
intraoperative MRI for Glioblastoma
Surgery. Supervisor: Prof.dr. J.J. van
Overbeeke; Co-Supervisor: Dr. H. van
Santbrink.
Laura Baijens: Surface electrical stimulation of
the neck for oropharyngeal dysphagia in
Parkinson’s disease: therapeutic aspects
and reliability of measurement. Supervisor:
Prof.dr. B. Kremer; Co-Supervisor: Dr. R.
Speyer, Townsville.
Janneke Hoeijmakers: Small fiber neuropathy
and sodium channels; a paradigm shift.
Supervisor: Prof.dr. R.J. van Oostenbrugge;
Co-Supervisors:
Dr.
C.G.
Faber
/
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Dr. I.S.J. Merkies.
Stephanie Vos: The Role of biomarkers in
preclinical and prodromal Alzheimer’s
disease. Supervisor: Prof.dr. F.R. Verhey; CoSupervisor: Dr. P.J. Visser.
Muriël Doors: The Value of Optical Coherence
Tomography in Anterior Segment
Surgery. Supervisors: Prof.dr. R.M. Nuijts
/ Prof.dr. C.A. Webers; Co-Supervisor:
Dr. T.T.J.M. Berendschot.
Anneke Maas: Sleep problems in individuals
with genetic disorders associated with
intellectual disability. Supervisors: Prof.dr. I.
Curfs / Prof.dr. R. Didden.
Sebastiaan van Gorp: Translational research on
spinal cord injury and cell-based therapies;
a focus on pain and sensorimotor
disturbances. Supervisors: Prof.dr. B. Joosten
/ Prof.dr. M. van Kleef; Co-Supervisors: Dr. J.
Patijn /Dr. R. Deumens, KU Leuven.
Andrea Sannia: High risk newborns and brain
biochemical
monitoring.
Supervisor:
Prof.dr.
J.S.H.
Vles;
Co-Supervisors:
Dr. D. Gazzolo, Alessandria, Italy /
Dr. A.W.D. Gavilanes.
Julie A.D.A. Dela Cruz: Dopamine mechanisms
in learning and memory: Evidence from
rodent studies. Supervisors: Prof.dr. H.W.M.
Steinbusch / Prof.dr. R.J. Bodnar, New York;
Co-Supervisor: Dr. B.P.F. Rutten.
René Besseling: Brain wiring and neuronal
dynamics; advances in MR imaging of focal
epilepsy. Supervisors: Prof.dr. A.P. Aldenkamp
/ Prof.dr.ir. W.H. Backes; Co-Supervisor:
dr. J.F.A. Jansen.
Maria Quint-Fens: Long-term care after
stroke; development and evaluation of a
long-term intervention in primary care.
Supervisors: Prof.dr. J.F.M. Metsemakers /
Prof.dr. C.M. van Heugten / Prof.dr.
M. Limburg, Almere; Co-Supervisor:
dr. G.H.M.I. Beusmans.
Veronique Moulaert: Life after survival of a
cardiac arrest; the heart of the matter.
Supervisors: Prof.dr. J.A. Verbunt / Prof.
dr. C.M. van Heugten / Prof.dr. D.T. Wade,

Oxford, UK.
Feikje Smeets: The hallucinatory-delusional
state: a crucial connection in the psychosis
symptom network. Supervisor: Prof.dr. J.
van Os; Co-Supervisor: Dr. T. Lataster.
Lies Clerx: Alzheimer’s disease through the
MR-eye; novel diagnostic markers and
the road to clinical implementation”.
Supervisor: Prof.dr. F. Verhey; Co-Supervisors:
Dr. P.J. Visser / P. Aalten.
Sonny Tan: The subthalamic nucleus in
Parkinson’s disease. Supervisors:
Prof.
dr. Y. Temel / Prof.dr. H.W.M. Steinbusch
/ Prof.dr. T. Sharp, Oxford, UK /
Prof.dr. V. Visser-Vandewalle, Koln.
Koen van Boxem: The use of pulsed
radiofrequency in the management of
chronic lumbosacral radicular pain.
Supervisors: Prof.dr. M. van Kleef / Prof.dr.
E.A.J. Joosten; Co-Supervisor: Assoc. Prof.dr.
J. van Zundert.
Jérôme Waterval: Hyperostosis cranialis
interna. Supervisors: Prof.dr. J.J. Manni /
Prof.dr. R.J. Stokroos.
Sylvie Kolfschoten-van der Kruijs: Psychogenic
non-epileptic seizures; the identification
of
neurophysiological
correlates.
Supervisors: Prof.dr. A.P. Aldenkamp /
Prof.dr. K.E.J. Vonck, Universiteit Gent;
Co-Supervisors: Dr. J.F.A. Jansen /
Dr. R.H.C. Lazeron, Kempenhaeghe.
Wouter Pluijms: Spinal cord stimulation
and pain relief in painful diabetic:
polyneuropathy, a translational approach.
Supervisors: Prof.dr. M. van Kleef /
Prof.dr. E.A. Joosten; Co-supervisor: Dr. C.G.
Faber.
Ron Handels: Health technology assessment
of diagnostic strategies for Alzheimer’s
disease. Supervisors: Prof.dr. F.R.J. Verhey /
Prof.dr. J.L. Severens (EUR); Co-Supervisor:
Dr. M.A. Joore / Dr. C.A.G. Wolfs.
Evelyn Peelen: Regulatory T cells in the
pathogenesis of Multiple Sclerosis:
potential targets for vitamin D therapy.
Supervisors: Prof.dr. R.M.M. Hupperts
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/ Prof.dr. J.W. Cohen Tervaert; CoSupervisor: Dr. J.G.M.C. Damoiseaux / Dr.
M.M.G.L.Thewissen, Diepenbeek.
Reint Jellema: Cell-based therapy for hypoxicischemic injury in the preterm brain.
Supervisors: Prof.dr. B.W.W. Kramer / Prof.
dr. H.W.M. Steinbusch; Co-Supervisor:
Dr. W.T.V. Germeraad / Dr. P. Andriessen,
Veldhoven.
Maria Wertli: Prognosis of Chronic Clinical
Pain Conditions: The Example of Complex
Regional Pain Syndrome 1 and Low Back
Pain. Supervisors: Prof.dr. M. van Kleef;
Co-Supervisor: Dr. F. Brunner, Zürich / Dr. R.
Perez, VUmc.
Dagmar Zeef: An experimental model of
Huntington’s disease: Validation &
Stimulation. Supervisors: Prof.dr. Y. Temel /
Prof.dr. H.W.M. Steinbusch; Co-supervisor:
Dr. A. Jahanshahi.
Jeroen Decoster: Breaking Down Schizophrenia
into phenes, genes and environment.
Supervisors: Prof.dr. I. Myin-Germeys / Prof.
dr. M. De Hert, KU Leuven; Co-Supervisor:
Dr. R. van Winkel.
Eaja Anindya Sekhar Mukherjee: Fetal Alcohol
Spectrum Disorders: exploring prevention
and management. Supervisor: Prof.dr.
L.M.G. Curfs; Co-Supervisor: Prof. S. Hollins,
St. George’s University of London, UK.
Catherine van Zelst: Inside out; On stereotype
awareness, childhood trauma and stigma
in psychosis. Supervisors: Prof.dr. Ph.
Delespaul / Prof.dr. J. van Os.
Ibrahim Tolga Binbay: Extended Psychosis
Phenotype
in the Wider Social
Environment. Supervisor: Prof.dr. J. van Os;
Co-Supervisor: Dr. M. Drukker.
Frank Van Dael: OCD matters in psychosis.
Supervisors: Prof.dr. J. van Os /
Prof.dr. I. Myin-Germeys.
Pamela Kleikers: NOXious oxidative stress:
from head toe too and back. Supervisors:
Prof.dr. H.H.H.W. Schmidt / Prof.dr. H.W.M.
Steinbusch; Co-Supervisor: Dr. B. Janssen.
José Luis Gerardo Nava: In vitro assay
258

systems in the development of
therapeutic interventions strategies for
neuroprotection and repair. Supervisors:
Prof.dr.med. J. Weis / Prof.dr. H.W.M.
Steinbusch; Co-Supervisor: Dr. G.A. Brook,
RWTH Aachen.
Eva Bollen: Cyclic nucleotide signaling
and
plasticity.
Supervisors:
Prof.dr. H.W.M. Steinbusch / Prof.dr. R.
D’Hooge, KU Leuven; Co-Supervisor:
Dr. J. Prickaerts.

2015
Jessica A. Hartmann: A good laugh and a
long sleep; Insights from prospective
and ambulatory assessments about the
importance of positive affect and sleep
in mental health. Supervisor: Prof.dr. J. van
Os; Co-Supervisors: C.J.P. Simons / Dr. M.
Wichers.
Bart Ament: Frailty in old age; conceptualization
and care innovations. Supervisors: Prof.dr.
G.I.J.M. Kempen / Prof.dr. F.R.J. Verhey; CoSupervisor: Dr. M.E. de Vugt.
Mayke Janssens: Exploring course and
outcome across the psychosis-continuum.
Supervisor: Prof.dr. I. Myin-Germeys; CoSupervisor: Dr. T. Lataster.
Dennis M.J. Hernaus: Dopayours is not
dopamine: genetic, environmental and
pathological variations in dopaminergic
stress processing. Supervisor: Prof.dr. I.
Myin-Germeys; Co-Supervisors: Prof.dr. F.M.
Mottaghy / Dr. D. Collip.
Ingrid M.H. Brands: The adaptation process
after acquired brain injury Pieces of
the puzzle. Supervisors: Prof.dr. C.M. van
Heugten / Prof.dr. D.T. Wade, Oxford UK;
Co-Supervisors: Dr. S.Z. Stapert / Dr. S.
Köhler.
Francesco Risso: Urinary and salivary S100B
monitoring in high risk infants. Supervisor:
Prof.dr. J.S.H. Vles; Co-Supervisors: Dr. D.
Gazzolo, Genoa,Italy / Dr. A.W.D. Gavilanes.
Alessandro Borghesi: Stem and Progenitor
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Cells in Preterm Infants: Role in the
Pathogenesis and Potential for Therapy.
Supervisor: Prof.dr. L. Zimmermann;
Prof.dr. B. Kramer; Co-Supervisors: Dr. D.
Gazzolo, Genoa,Italy / Dr. A.W.D. Gavilanes.
Claudia Menne-Lothmann: Affect dynamics; A
focus on genes, stress, and an opportunity
for change. Supervisor: Prof.dr. J. van Os; CoSupervisors: Dr. M. Wichers / Dr. N. Jacobs.
Martine van Nierop: Surviving childhood new
perspectives on the link between childhood
trauma and psychosis. Supervisors: Prof.
dr. I. Myin-Germeys / Prof.dr. J. van Os;
Co-Supervisor: Dr. R. van Winkel.
Sylvia Klinkenberg: VNS in children; more
than just seizure reduction. Supervisors:
Prof.dr. J. Vles / Prof.dr. A. Aldenkamp; CoSupervisor: Dr. H. Majoie.
Anouk Linssen: Considerations in designing
an adult hearing screening programme.
Supervisor: Prof.dr. B. Kremer; CoSupervisors: Dr. L. Anteunis / Dr. M. Joore.
Janny Hof: Hearing loss in young children;
challenges in assessment and intervention.
Supervisors: Prof.dr. B. Kremer / Prof.
dr. R. Stokroos / Prof.dr. P. van Dijk, RUG;
Co-Supervisor: Dr. L. Antheunis.
Kimberly Cox-Limpens: Mechanisms of
endogenous brain protection; Clues from
the transcriptome. Supervisors: Prof.dr. J.
Vles / Prof.dr. L. Zimmermann; Co-Supervisor:
Dr. A. Gavilanes.
Els Vanhoutte: Peripheral Neuropathy outcome
measures; Standardisation (PeriNomS)
study part 2: Getting consensus. Supervisors:
Prof.dr. C. Faber / Prof.dr. P. van Doorn;
Co-Supervisor: Dr. I. Merkies, Spaarne
ziekenhuis Hoofddorp.
Mayienne Bakkers: Small fibers, big troubles;
diagnosis and implications of small
fiber neuropathy. Supervisors: Prof.dr. C.
Faber / Prof.dr. M. de Baets; Co-Supervisor:
Dr. I. Merkies, Spaarne ziekenhuis
Hoofddorp.
Ingrid Kramer: Zooming into the micro-level of
experience: An approach for understanding

and
treating
psychopathology.
Supervisor:
Prof.dr.
J.
van
Os;
Co-Supervisors: Dr. M. Wichers, UMC
Groningen / Dr. C. Simons.
Esther Bouman: Risks and Benefits of Regional
Anesthesia in the Perioperative Setting.
Supervisors: Prof.dr. M. van Kleef / Prof.dr. M.
Marcus, HMC, Qatar / Prof.dr. E. Joosten; CoSupervisor: Dr. H. Gramke.
Mark Janssen: Selective stimulation of the
subthalamic nucleus in Parkinson’s disease;
dream or near future. Supervisors: Prof.dr. Y.
Temel / Prof.dr. V. Visser-Vandewalle, Keulen
/ Prof.dr. A. Benazzouz, Bordeax, France.
Reina de Kinderen: Health Technology
Assessment in Epilepsy; economic
evaluations
and
preference
studies.
Supervisors:
Prof.dr.
S.
Evers
/
Prof.dr.
A.
Aldenkamp;
Co-Supervisor: Dr. H. Majoie / Dr. D. Postulart,
GGZ O-Brabant.
Saskia Ebus: Interictal epileptiform activity as
a marker for clinical outcome. Supervisors:
Prof.dr. A. Aldenkamp / Prof.dr. J. Arends, TUE
/ Prof.dr. P. Boon, Universiteit Gent, België.
Inge Knuts: Experimental and clinical studies
into determinants of panic severity.
Supervisor: Prof.dr. I. Myin-Germeys; CoSupervisor: Dr. K. Schruers; Influencing
panic.
Nienke Tielemans: Proactive coping post stroke:
The Restored4Stroke Self-Management
study. Supervisors: Prof.dr. C. van Heugten
/ Prof.dr. J. Visser-Meily, UMC Utrecht;
Co-Supervisor: Dr. V. Schepers, UMC Utrecht.
Tom van Zundert: Improvements Towards Safer
Extraglottic Airway Devices. Supervisors:
Prof.dr. A.E.M. Marcus / Prof.dr. W. Buhre
/ Prof.dr. J.R. Brimacombe, Queensland,
Australia / Prof.dr. C.A. Hagberg.
Tijmen van Assen: Anterior Cutaneous Nerve
Entrapment Syndrome Epidemiology
and surgical management. Supervisors:
Prof.dr. G.L. Beets / Prof.dr. M. van Kleef /
Dr. R.M.H. Roumen / Dr. M.R.M. Scheltinga,
MMC Veldhoven.
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Rohit Shetty: Understanding the Clinical,
Immunological and Genetic Molecular
Mechanisms of Keratoconus. Supervisors:
Prof.dr. R.M.M.A. Nuijts / Prof.dr. C.A.B.
Webers.
Christine van der Leeuw: Blood, bones
and
brains;
peripheral
biological
endophenotypes and their structural
cerebral correlates in psychotic disorder.
Supervisor: Prof.dr. J. van Os; Co-supervisor:
Dr. M. Marcelis.
Sanne Peeters: The Idle Mind Never Rests;
functional brain connectivity across the
psychosis continuum. Supervisor: Prof.dr. J.
van Os; Co-supervisor: dr. M. Marcelis.
Nick van Goethem: α7 nicotinic acetylcholine
receptors and memory processes:
mechanistic and behavioral studies.
Supervisor: Prof.dr. H.W.M. Steinbusch; Cosupervisor: Dr. J. Prickaerts.
Nicole Leibold: A Breath of fear; a translational
approach into the mechanisms of panic.
Supervisor: Prof.dr. H.W.M. Steinbusch; Cosupervisors: Dr. K.R.J. Schruers / Dr. D.L.A.
van den Hove.
Renske Hamel: The course of mild cognitive
impairment and the role of comorbidity.
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