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Abstract 

Dementia is a huge global health challenge without a cure. Identifying the early 

stages enables the implementation of risk-modifying interventions when they may be 

most effective. Slow gait speed and self-reported cognitive complaints are among 

the earliest findings reported in the preclinical stage of dementia. The Motoric 

Cognitive Risk (MCR) syndrome is a high-risk predementia state combining objective 

slow gait speed and subjective cognitive complaint in independent, dementia-free 

individuals. This thesis investigates the association between MCR and dementia 

using meta-analysis and several epidemiological approaches in a Scottish cohort of 

community-dwelling older adults.  

 

The first study presents a systematic review and meta-analysis of the prognostic 

ability of MCR. This review also outlined hypotheses regarding the underlying 

mechanisms of MCR, areas that are explored further in the final chapter of the 

thesis. It examined longitudinal cohort studies that compared an MCR group to a 

non-MCR group for any health outcome. A thorough search returned 705 records 

with 15 cohorts eligible for meta-analysis. The meta-analysis included only health 

outcomes reported from at least three cohorts and judged satisfactory by our clinical 

content experts. When a study reported an incompatible effect measure, I contacted 

authors to request data to allow for our own calculation, or I converted the effect 

measure where possible and appropriate. The meta-analysis found that participants 

with MCR were at an increased risk of cognitive impairment (adjusted Hazard Ratio 

[aHR] 1.76, 95% CI 1.49–2.08; I2 = 24.9%), dementia (aHR 2.12, 1.85–2.42; 33.1%), 

falls (adjusted relative risk 1.38, 1.15–1.66; 62.1%), and mortality (aHR 1.49, 1.16–

1.91; 79.2%). There was considerable heterogeneity in how studies diagnosed MCR, 

cognitive impairment, and dementia. Our review of the underlying mechanisms of 

MCR suggested that interactions between MCR, poor brain health, falls, and 

increased mortality are likely due to a range of biological, psychological, and social 

mechanisms. A major strength of this systematic review and meta-analysis is the 

thoroughness of its methodology. 

 

The second study of the thesis described the prevalence of MCR and associated 

factors in the Lothian Birth Cohort 1936 (LBC1936). It was the first time MCR had 
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been derived in a Scottish cohort, so it detailed how MCR was coded and 

implemented. This study also reported slow gait speed cut-offs for the first time in an 

older Scottish population. It also assessed the overlap of MCR with three other high-

risk states of ageing - Mild Cognitive Impairment (MCI), Prefrailty, and Frailty, thus 

clarifying the degree of cross-over between these related states. MCR was derived 

in three waves of the cohort at mean ages of 76.3 years (n = 690), 79.3 years (n = 

543) and 82 years (n = 425). MCR prevalence rate ranged from 5.3% to 5.7% across 

the three waves, a little lower than the global average. Factors associated with MCR 

in this cohort included age, socioeconomic status, and tests of executive function. 

There was partial overlap between individuals with MCR and MCI, indicating that 

these concepts, although derived using similar criteria, capture different cohorts of 

people. This supports the conceptualisation of MCR as complementary to MCI rather 

than an alternative. The study highlights the need to explore further the strong 

association between lower socioeconomic status in early and mid-life with MCR later 

in life.  

 

Building on a key finding from the second study of the thesis, the third study focused 

on socioeconomic status as a risk factor for MCR. This longitudinal observational 

study used logistic regression analysis adjusting for important demographic, lifestyle, 

and health covariates to explore the association between MCR at age 76 years, and 

years of education and occupational social class, categorised into manual versus 

non-manual occupations. The final model included 671 participants. Results show 

that lower socioeconomic status as defined by non-manual versus manual 

occupation (and not years of education) is associated with a greater than three-fold 

risk of having MCR later in life (adjusted odds ratio 3.55, 95% CI 1.46–8.74; p = 

0.005). Putting this study in context with the literature is difficult as there is a paucity 

of work focussing on socioeconomic status as a risk factor for MCR. However, 

having a low socioeconomic status is a widely accepted predictor of ill health 

generally, and dementia more specifically. Therefore, it is no surprise that it was 

strongly associated with MCR, which is a high-risk state for dementia. This study 

highlights a novel risk factor for MCR and offers a hypothesis on underlying 

mechanisms but concludes by recommending further work to unravel the relationship 

between lower socioeconomic status and MCR.  
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The fourth study shifted temporarily to focus on identifying dementia in LBC1936, an 

essential piece of work to allow for the later study of MCR as a predictor of dementia. 

Previously, the LBC1936 cohort lacked a clinically diagnosed dementia outcome. 

Our study introduced a novel approach to identifying dementia in cohort studies and 

reported for the first time the incidence and prevalence of all-cause dementia and its 

subtypes in the LBC1936. We comprehensively evaluated all participants' electronic 

health records to identify any indications of cognitive impairment. In addition, we 

performed in-person clinician assessments whenever a participant's cognition was in 

doubt. Clinical dementia specialists from Old Age Psychiatry, Neurology, and 

Geriatrics agreed on a diagnosis of probable dementia, possible dementia, or the 

absence of dementia, and determined the subtype whenever possible. Of the 865 

LBC1936 participants included, 118 (13.6%) had dementia by an average age of 

approximately 86 years. Dementia was more common with increasing age and in 

women, and the most common type of dementia was due to Alzheimer disease 

(49.2%). Self-reported dementia diagnoses were positive in only 17.8% of clinically 

identified dementia diagnoses. This illustrates the importance of a robust clinical 

dementia diagnosis instead of relying on self-reported diagnoses. Our work will 

enable researchers to explore the extensive LBC936 data accumulated over a 16-

year period for signals that differentiate participants currently living with dementia 

from those who are not. This includes my newly derived MCR measure, which brings 

us to the final study of the thesis.   

 

The fifth and final study provided a time-to-event analysis with MCR as the predictor 

variable and dementia as the outcome of interest. It also explored the various 

trajectories of participants diagnosed with MCR. It classified a total of 680 

community-dwelling participants (mean [SD] age 76.3 [0.8] years) free from 

dementia into non-MCR or MCR groups. It used Cox proportional hazards methods 

and competing risk regression to evaluate the risk of developing all-cause dementia 

in the years following MCR diagnosis. The final model adjusted for potential 

confounders. Results show that, after 10 years of follow-up, 79 of 680 (11.6%) 

participants developed dementia. The presence of MCR increased the risk of 

dementia (aHR 2.34 [1.14 to 4.78, p=0.020]) in this Scottish cohort to a similar extent 

as in other populations. Individuals with MCR follow similar trajectories to the related 

predementia syndrome, MCI. This study reinforces that MCR could potentially 
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identify a target group for early interventions of modifiable risk factors for dementia. 

However, it illustrates the heterogeneous nature of MCR progression and highlights 

that not all older adults with MCR will follow a similar path.  

 

This thesis explores the predementia syndrome MCR through meta-analysis and 

several epidemiological approaches in the Lothian Birth Cohort 1936. The findings 

represent a significant advancement in our understanding of MCR prevalence, risk 

factors, predictive ability, and trajectories. Since there are no effective treatments for 

dementia, prevention is paramount. By improving our understanding of this high-risk 

predementia state, this thesis brings us closer to the ultimate goal of intervening 

early in the lifecourse to reduce the number of people living with dementia.  
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Lay summary 

Dementia is a global health challenge with no cure. Understanding the very early 

stages of dementia to find ways to prevent it from occurring or to slow its progress is 

crucial to reduce its impact. Dementia is a condition with a collection of symptoms 

including memory loss, thinking difficulties, problems with language, and behavioural 

changes. Studies have found that slow walking speed and self-reported thinking and 

memory difficulties may be some of the earliest warning signs of dementia. The 

Motoric Cognitive Risk (MCR) syndrome combines both slow walking speed and 

self-reported thinking and memory difficulties in people who are currently free from 

dementia. MCR could be a new way to identify people who are at high risk of 

developing dementia. This thesis explores the link between MCR and dementia 

using several research methods in a group of older adults living in Scotland. The 

research aims to increase our understanding of MCR and how it relates to the 

development of dementia. 

 

The opening chapter highlights the clinical importance of MCR as a tool for 

identifying individuals at high risk of developing dementia. MCR is quick and 

inexpensive to diagnose and could be used in addition to routine practice. Once 

people who are at a high risk of developing dementia are identified, they can make 

changes to their lives and circumstances and plan for their future while they are still 

able to.  

 

The first study of the thesis brings together all the existing research published on 

MCR as a tool for identifying future health problems in older adults. It combines the 

results of similar studies to get an accurate overall picture. I found that people with 

MCR are more likely to fall, more likely to develop problems with thinking and 

memory (cognitive impairment), as well as dementia, and more likely to die. The 

chapter also suggests possible reasons why this might be the case and proposes 

ways to study it further. Overall, this study aids our understanding of MCR and its 

potential for identifying people at high risk of developing serious health problems in 

future, including dementia.  
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The second study in the thesis described research that tried to understand how 

common MCR is and what things make MCR more likely. This study was the first of 

its kind done in Scottish people (the Lothian Birth Cohort 1936), so I explained in 

detail how I defined and measured MCR. I also looked at how MCR overlaps with 

other conditions related to ageing. The study found that around one in 20 people had 

MCR, which is similar to what has been found in other studies. The features found to 

make MCR more likely were a person’s age, their position in society based on 

economic and social factors (socioeconomic status), and their ability to plan, 

organise, and perform tasks (executive function). The study also found that although 

MCR is like another, similar, condition called “mild cognitive impairment” (MCI), it 

identifies a different group of people at high risk of developing dementia. I finished by 

suggesting that further work was needed to understand why a lower socioeconomic 

status earlier in life was associated with MCR later in life. 

 

The third study in the thesis examined how a person's job and education earlier in 

life may affect their risk of developing MCR later in life. The study used information 

from a group of 671 people from the Lothian Birth Cohort 1936 and found that those 

with lower socioeconomic status (defined by having a manual job instead of a non-

manual job) were more than three times as likely to develop MCR later in life. This 

study is important because it suggests that a person's position in society based on 

whether they have a manual or a non-manual job may be a risk factor for developing 

MCR, which is a new finding in this area of research. Reasons for this finding are 

suggested, but more research is needed to understand why this might be the case. 

 

The fourth study in this thesis focused on finding a better way to diagnose dementia 

in the Lothian Birth Cohort 1936 study, which previously relied on self-reported 

diagnoses or the results of memory and thinking tests. We developed a new 

approach by reviewing electronic health records and conducting in-person 

assessments when necessary. This led to a diagnosis of dementia for 118 

participants out of 865 (13.6%). We found that self-reported diagnoses were not very 

accurate, and that Alzheimer disease was the most common type of dementia. Our 

study will allow researchers to explore the information collected in the Lothian Birth 

Cohort over many years to identify if people who developed dementia shared 

common signals earlier in life compared to those who did not develop dementia. This 
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study set the stage for the final study in the thesis, which examined how MCR risk 

predicts dementia in this group of older Scottish people. 

 

The fifth and final study examined the ability of MCR to predict future occurrences of 

dementia and explored the various paths taken by people diagnosed with MCR. I 

found that MCR was a good predictor of dementia and that people with MCR 

followed different paths following diagnosis, ranging from reverting to healthy to 

progressing to dementia or dying. 

 

This thesis investigated the syndrome called MCR as a risk factor for dementia. 

MCR is common in older adults and is associated with a range of factors, including 

age and socioeconomic status. The findings presented in this thesis may help to 

identify people at risk for dementia and to develop early interventions to prevent or 

delay the onset of dementia. Future research will likely uncover more information 

about the shared causes of MCR and dementia.  
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1. Introduction

This doctoral thesis is a comprehensive investigation of the slow walking speed-

based syndrome Motoric Cognitive Risk (MCR), including its association with 

dementia, in a cohort of older Scottish individuals.  

The opening chapter defines MCR and explains my motivation for researching MCR 

and dementia. It briefly summarises the history of MCR and contextualises MCR with 

other predementia syndromes that combine motor and physical measures. The 

chapter then discusses the clinical utility of MCR. It follows with a critique of MCR 

and finishes with a thesis overview. 

1.1 Defining Motoric Cognitive Risk 

MCR is defined as the presence of measured (objective) slow walking speed and 

self-reported (subjective) cognitive complaints in dementia-free individuals without 

significant functional impairment.1 For the purposes of MCR, slow walking is usually 

determined as at least one standard deviation (SD) slower than the age- and sex-

matched usual walking speed mean of the population being studied.1 However, 

section 3.3.1 expands on the variation within the literature. Similarly, subjective 

cognitive complaints are usually determined by a self-reported memory problem.1 

But, again, variation exists and is comprehensively discussed in section 3.3.1. 

1.2 Motivation for researching dementia and Motoric 

Cognitive Risk 

1.2.1 Dementia as a research priority 

The Lancet Commission has described dementia as “the greatest global challenge 

for health and social care in the 21st century”.2 An estimated 50 million people 

worldwide have dementia, a number projected to triple over the next 30 years.3,4 

Despite recent promising results from pharmacological trials,5–7 there is still no cure 

or effective drug to delay the onset or reduce the progression of the disease in a 

clinically meaningful way.4 However, it is estimated that 30-40% of dementia 

occurrences could be prevented by addressing modifiable risk factors such as 

1



depression, obesity, physical inactivity, social isolation, diabetes, high blood 

pressure, smoking, and hearing loss (Figure 1).4,8 The impact of many of these risk 

factors begins in midlife.4,8  
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Figure 1 Population attributable fraction of potentially modifiable risk factors for 

dementia across the life course.  

Note: The circle sizes illustrate the population attributable fraction of each risk factor. 

The population attributable fraction is the estimated fraction of all dementia 
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occurrences that would not have occurred if there had been no exposure.9  Adapted 

with permission from G. Livingston et al. (2020)4 

 

1.2.2 Early identification of high-risk individuals 

Low-cost, accessible, and non-invasive methods of identifying high-risk groups as 

early as possible are needed to support these groups in managing risk factors. Most 

individuals living with dementia and their carers support earlier identification and 

communication of dementia risk.10–14 When dementia prevention is not possible, 

earlier identification and treatment can improve clinical outcomes by aiding 

understanding for carers, family and friends, allowing people to plan ahead while still 

having the capacity to do so, and improving the treatment of dementia-related 

symptoms, depression and hallucinations.15,16 Even small reductions in the incidence 

or delaying the age of dementia onset are likely to markedly affect the associated 

personal and public health impact.16–19  

 

Our improved understanding of the causes of dementia has led to a shift in thinking 

in recent years that the origins of dementia lie much earlier in life than previously 

considered.4 Indeed, the most recent diagnostic criteria for AD, the most common 

cause of dementia, now include an asymptomatic ‘preclinical’ AD phase beginning in 

mid-life.20 This critical preclinical period is the proposed optimal time to intervene 

with targeted dementia prevention interventions.2,8 Recent data show that silent and 

progressive brain changes often occur 10-20 years before cognitive symptoms 

emerge.20,21 Positron emission tomography (PET) brain scans,22 cerebrospinal fluid 

(CSF) tests,22 and blood-based biomarkers such as plasma p-tau181823 can 

measure the preclinical AD pathology such as the accumulation of abnormal amyloid 

beta (Aβ) and phosphorylated tau (p-tau) proteins. However, the practicalities and 

cost of performing these tests and analysing the results mean that they are too 

invasive, specialist or costly to be used at a population level. In contrast, MCR is 

emerging as an accessible, non-invasive, and inexpensive method for identifying 

those at high risk of developing dementia.24 
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1.2.3 Slow gait and subjective cognitive decline as early 

markers 

Lower gait speed in this preclinical AD period compared to normal controls are 

observed,1,25–28 and there is a growing awareness of the importance of gait speed as 

an early predictor of dementia.29,30 Decline in gait speed has been reported to occur 

as early as 12 years before the onset of Mild Cognitive Impairment (MCI), a 

transitional state recognised as frequently occurring between normal ageing and 

dementia.31 Similarly, older adults with self-reported cognitive complaints but normal 

cognitive testing during the preclinical phase are at an increased risk of cognitive 

impairment and dementia up to 15 years later.20,32–34 It is noteworthy that cognition 

and gait exhibit several shared characteristics, including overlapping cortical regions 

in the brain, executive function, and common risk factors such as cardiovascular 

disease and diabetes mellitus.35–38  

 

Although the co-occurrence of motor and cognitive impairments in older adults may 

reflect common unconnected age-related syndromes,39,40 their increasingly 

recognised co-existence is a strong indicator of shared underlying pathologies.40 

By drawing on the recent advancements in understanding the early stages of 

dementia, MCR takes inspiration from pivotal breakthroughs in the historical 

development of neurology. This innovative approach capitalises on questioning 

conventional definitions, particularly concerning the intricate relationship between 

movement and cognition. Consider Parkinson's disease, which was perceived solely 

as a motor disorder for nearly two centuries.41 Today, we recognise its manifestation 

of "non-motor" symptoms (such as olfactory impairment, depression, and cognitive 

decline) appearing decades before the onset of motor decline.42 This paradigm shift 

has opened up a whole new realm of Parkinson's disease research, yielding novel 

biomarkers, therapeutics, and screening tools, significantly enhancing the quality of 

life for individuals affected.43 MCR offers the potential to have a similar impact on 

dementia prevention and research by scrutinising "non-cognitive" brain functions that 

exhibit impairment during the earliest stages of pathology. 
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1.2.4 Clinical utility of Motoric Cognitive Risk 

Diagnosing the MCR syndrome does not require a time-consuming comprehensive 

neuropsychological assessment, nor does it entail using expensive imaging or 

biological biomarkers. By being an accessible, quick, and inexpensive assessment, 

MCR syndrome could be a very useful addition to clinical assessment as a screening 

tool in high-income countries, but especially in low and middle-income countries, 

where an estimated two-thirds of people with dementia currently live.44 

 

Identifying the MCR syndrome has increased interest in developing interventions to 

prevent gait speed loss and cognitive decline in ageing. Meta-analysis has shown 

that motor-cognitive deficits in individuals with neurological disorders, including 

dementia, are partially amenable to physical and cognitive training.29,45 Findings from 

a large, long-term, randomised controlled trial of diet, exercise, cognitive training, 

and vascular risk monitoring versus control suggest that a multi-domain intervention 

could improve or maintain cognitive functioning in at-risk elderly people from the 

general population.46 The ability to identify high-risk individuals early in the disease 

process could inform recruitment into clinical trials, allow time to intervene before 

symptom onset, and ultimately lead to a reduction in the burden of dementia on the 

individual and society. 

 

1.2.5 Alignment with patient and public priorities 

The James Lind Alliance, funded by the National Institute for Health and Care 

Research (NIHR), brings together patients, carers, and clinicians to agree on which 

research questions are of direct relevance and most potential benefit to patients and 

clinicians. Of the priority dementia research questions they identified, the following 

are directly relevant to MCR47:  
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As a clinical academic, I value impactful research relevant to patients and the public. 

It is crucial that it has the potential to improve care and outcomes for people with 

dementia and their carers. By explaining my motivation for researching dementia and 

MCR for my PhD, I hope to share insight into my viewpoints, research priorities and 

interests. This is not to say they are ‘correct’, merely to acknowledge that we all, as 

researchers, have our viewpoints and drivers. Being explicit about these is one 

method to help mitigate these factors from unknowingly influencing our work.48  

 

1.3 History of Motoric Cognitive Risk  

First defined by Verghese in a 2013 publication in Journals of Gerontology Series A: 

Medical Sciences,1 MCR built on the operational definitions for MCI. From a 

conversation with Verghese (June 2022), I learned that MCR was originally 

conceived as a motoric subtype of MCI, related to the MCI subtypes of amnestic 

(aMCI) and non-amnestic (naMCI). Ultimately, it was considered sufficiently different 

from these MCI subtypes to merit its own categorisation. The idea to include gait 

speed as the motor component in MCR was born out of earlier studies investigating 

the role of slow gait speed in predicting cognitive decline,49 non-Alzheimer’s 

dementia,50 vascular dementia51 and stroke,52 as well the association of slow gait 

with brain abnormalities on structural brain imaging.53
 Verghese et al. followed up the 

inaugural MCR publication with two seminal studies in 2014, both published in 

Neurology – one multicentre incidence study30 and one multicountry prevalence and 

dementia risk study.25 Since these publications, interest in the topic has flourished, 

1. What tests and assessment procedures would improve the diagnostic 

process and enable a more accurate and timely dementia diagnosis? 

2. What tests and protocols can improve the ability to predict a person’s risk 

of developing dementia before noticeable signs and symptoms are 

apparent?  

3. How can primary care support a more effective route to diagnosis? 

4. What diagnostic tests/methods/strategies are clinically effective (and 

cost-effective) to improve diagnosis/early diagnosis of dementia? 
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with a corresponding proliferation of PubMed publications with the term “Motoric 

Cognitive Risk” in the title or abstract over the past ten years (Figure 2).  

 

 

Figure 2 PubMed publications containing the term "Motoric Cognitive Risk" in the 

title/abstract.  

Note: Results retrieved 22 May 2023. 

 

In recent years, several systematic reviews and meta-analyses of MCR studies have 

been published.24,54–56 A brief summary of these provides a useful historical overview 

of MCR findings to date. In 2019, a meta-analysis involving 4,936 older adults from 

five studies reported that MCR predicted cognitive impairment (HR 1.70, 95%CI 1.46 

to 1.98).54 This same study reported a second meta-analysis of 9,156 older adults 

from seven studies and found that MCR predicted dementia (OR 2.50, 95%CI 1.75 

to 2.39). A 2020 review summarised the potential biological mechanisms of MCR.55 

This review also highlighted several common risk factors between slow gait speed, 

subjective memory complaint, and dementia, including cardiovascular disease, 

diabetes mellitus, brain atrophy with decreased hippocampal volume, and increased 

deposition of beta-amyloid in the brain.55 Another review in 2020 found further risk 

factors consistently associated with MCR, such as low education, obesity, 

sedentariness, and depression.56 It confirmed that MCR is associated with dementia 

and also found that MCR was a precursor to other age-related conditions such as 
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falls, disability, frailty, and mortality.56 These reviews do not cover all of the 

fascinating work that has been published in the MCR field in recent years. For 

example, Blumen et al. did early work on brain imaging abnormalities in MCR57, and 

Sathyan et al. reported on the first genomic investigation of MCR.58 MCR has been 

studied in regard to its association with concepts as diverse as depression,59 

conscientiousness,60 purpose in life,61 apathy,62 polypharmacy,63 personality,64 

vitamin D concentration,65 and inflammatory markers.66–68 The diversity and 

expansiveness of MCR-related research that has developed over such a short period 

has made MCR an extremely exciting topic to study for the three years of my PhD. 

 

1.4 Other syndromes combining motor and cognitive signs 

Other researchers clearly value the potential for improving the prognostic sensitivity 

for incident dementia of motor biomarkers via combination with cognitive 

measures.69 Different groups have proposed additional syndromes such as 

subjective MCR, physio-cognitive decline syndrome (PCDS), dual decline, cognitive 

frailty, and reversible/potentially reversible cognitive frailty. Table 1 compares the 

diagnostic components of these related phenotypes. 

 

I have not compared each entity's predictive value for incident dementia. To do so 

would be misleading, as they have been derived in different cohorts with 

heterogeneous definitions of dementia. Some were initially conceptualised with the 

aim of predicting the risk of death and later reapplied to predict the risk of dementia.  

Furthermore, each entity has a different level of clinical utility and ease of diagnosis, 

so a crude comparison of predictive value for incident dementia would not do justice 

to those entities which require fewer resources to identify. A comparison study is 

perhaps a valuable future analysis so long as the dataset is sufficiently large, 

contains the measures necessary to derive each entity, and each entity is 

contextualised in relation to its clinical utility.  
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Table 1 Diagnostic components of motor-based cognitive entities 

Conceptual 
entity 

Year first 
defined 

Physical 
measure 

Cognitive measure Number of 
assessments 
required 

Motoric Cognitive 
Risk1 

2013 Objective slow 
gait 

Subjective cognitive 
complaint 

1 

Cognitive frailty70 2013 Physical frailty Mild cognitive 
impairment 

1 

Reversible 
cognitive frailty71 

2015 Pre-frailty/frailty Subjective cognitive 
complaint 

1 

Potentially 
reversible 
cognitive frailty71 

2015 Pre-frailty/frailty Mild cognitive 
impairment 

1 

Physio-cognitive 
decline 
syndrome72 

2019 Objective slow 
gait and/or 
weakness 

≥ 1.5 SD below 
age/sex/education-
matched norms in any 
cognitive function 
domain 

1 

Dual decline73 2020 Faster gait 
decline 

Faster memory 
decline 

2+ 

Subjective Motoric 
Cognitive Risk74 

2022 Subjective 
motoric 
complaints 

Subjective cognitive 
complaint 

1 (remote) 

Tasmanian Test75 2022 Digital motor tests 
of hand 
movements 

Computerised tests of 
cognition 

1 (remote) 

Note: remote tests can be performed without the patient being in the same location 

as the clinician. 

1.4.1 Cognitive Frailty and its subtypes 

The concept and definition of cognitive frailty were first proposed in 2013 by the 

International Academy of Nutrition and Aging and the International Association of 

Gerontology and Geriatrics.70 Before defining cognitive frailty and its subtypes of 

reversible/potentially reversible cognitive frailty, I will first define Frailty, Prefrailty, 

and MCI. This is necessary as Frailty, Prefrailty, and MCI are criteria for cognitive 

frailty and its subtypes. In the context of cognitive frailty, “Frail” is that as defined by 

the Fried frailty phenotype.76 It is characterised by a decline in bodily strength, 

stamina, and physiological functions, resulting in an elevated susceptibility to 

physical vulnerability, disability, and mortality.77 Typically, Frailty, as defined by 

Fried, is indicated when a person exhibits at least three of the following five criteria: 
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fatigue, diminished muscle strength, slow walking speed, reduced physical activities, 

and unintentional weight loss.76 Prefrailty is indicated when a person exhibits one or 

two of these criteria.76,77 Both the Frail and Prefrail concepts are predominantly 

focused on physical function and physical symptoms. MCI, on the other hand, is a 

health state that describes a borderland between normal cognition, functioning and 

dementia, exhibited by mild subjective and objective cognitive impairments but a 

retained independence and ability to undertake activities of daily living.78 

 

Cognitive frailty was first defined as coexisting Frailty plus MCI in older adults without 

diagnosed disability or dementia.70 Cognitive frailty as an entity has remained 

controversial, and one longitudinal study reported that cognitive frailty was no more 

predictive of adverse health outcomes than either slow gait or MCI alone.79 This 

finding, as well as further research highlighting the importance of ever earlier 

detection of individuals at high risk of developing dementia, led to modifying the 

cognitive frailty definition.72 Reversible cognitive frailty was operationalised as 

Prefrailty/Frailty plus subjective cognitive decline, and potentially reversible cognitive 

frailty was operationalised as Prefrailty/Frailty plus MCI.71 Although this refinement 

emphasised the importance of considering reversibility, there is currently a lack of 

specific intervention trials that support the reversibility of the modified criteria for 

cognitive frailty.72   

 

1.4.2 Physio-cognitive Decline Syndrome (PCDS) 

At the 2019 conference of the Asian Association for Frailty and Sarcopenia, PCDS 

was proposed as a further refinement of the cognitive frailty entity.72 The decision to 

use weakness and/or gait slowness as the physical measure was informed by 

research performing latent class analysis of cognitive frailty in longitudinal data.72 

This analysis reported that the phenotypes of weakness and gait slowness cluster 

together strongly, whereas fatigue and involuntary weight loss constituted another, 

less intense, cluster.72,80 It found that people with weakness or slowness were 

relatively older, thinner, had lower bone and muscle mass and had worse cognitive 

performance than the cluster with predominantly fatigue and weight loss.80 They also 

had a significantly higher likelihood of mortality over a three-year follow-up period.80 

The decision to operationalise cognitive impairment as cognitive performance in any 
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domain at least 1.5 SD below the mean for age-, sex-, and education-matched 

norms was informed by work comparing cognitive prefrailty with cognitive frailty.72 

This work reported that Prefrail older adults have more prevalent language and 

executive function deficits, whereas Frail individuals are more liable to develop 

global cognitive impairment.72,81 By including individuals with a deficit in any 

cognitive domain, PCDS should theoretically capture more Prefrail, and thus 

reversible, individuals.72 One obvious limitation of PCDS is that in a cohort study with 

an extensive battery of cognitive tests,82 the likelihood of a participant measuring at 

least 1.5 SD below the mean in one test is much higher than if PCDS is being 

derived in a cohort with fewer cognitive tests. Thus, the prevalence of PCDS is likely 

more heavily influenced by cohort effects than the prevalence of MCR. 

Consequently, work to improve the cognitive component of PCDS involved designing 

a neuropsychological test.83 However, a requirement to use a specific 

neuropsychological test would reduce the clinical utility of the entity.  

 

1.4.3 Dual decline 

The motor-cognitive conceptual entities described so far require only one 

assessment to diagnose. However, dual decline is defined using longitudinal 

trajectories of mobility and cognition over time before dementia, requiring at least two 

assessments to diagnose.73 Its proponents suggest that tracking trajectories may 

provide an additional predictive value for future dementia risk compared to 

assessment at one time point and that it is less subject to selection and attrition 

biases.73 However, introducing the need for at least a second assessment reduces 

the entity’s ease of use.  

 

1.4.4 Subjective Motoric Cognitive Risk Syndrome 

In 2022, Ayers et al. published a validation study establishing that subjective motoric 

and subjective cognitive complaints may facilitate early and remote identification of 

individuals with MCR.74 The rationale was that subjective motoric complaints 

precede and predict objective motoric complaints.74 The intent of subjective MCR is 

to enhance the clinical utility of the MCR concept, particularly in resource-poor 

settings, rather than replace MCR.74 The study reported that subjective MCR defined 
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using five subjective complaint questions had very good specificity and sensitivity for 

objective MCR, and was associated with an over two-fold risk of developing 

dementia.74 The authors acknowledged that the study had a number of limitations. 

First, English speaking was an inclusion criterion. Subjective motor (and cognitive) 

complaints may show racial/ethnic differences and should be examined in diverse 

populations.84,85 It is likely that other questions may have better properties in other 

populations.74 As expanded upon in section 3.3.1, objectively measuring gait speed 

and adjusting for population norms largely overcomes this language issue. Second, 

despite examining a wide array of questions, other unexamined questions may 

improve the validity of subjective MCR.74 Finally, to date, this is the sole study 

examining subjective MCR so it requires validation in external cohorts.74 It concluded 

that MCR using an objective gait speed measure had a higher predictive validity for 

dementia than subjective MCR and is the preferred approach for in-person cognitive 

risk assessment.74 But, subjective MCR has potential research and clinical 

applications. For instance, using the subjective MCR criteria to screen potential 

participants in an MCR clinical trial, inviting for in-person objective gait measure only 

those who screen positive for subjective MCR, would likely increase recruitment 

efficiency and reduce associated costs.74 

 

1.4.5 Tasmanian Test 

The Tasmanian Test (TAS Test), is a collection of online motor and cognitive tests 

hypothesised to detect preclinical AD and to predict the risk of cognitive decline and 

dementia.75 It is proposed as a low-cost method to pre-screen individuals for the 

likelihood of AD pathology prior to more expensive tests such as blood or imaging 

biomarkers.75 It uses computer-human interface technology to perform hand 

movement analysis combined with visuomotor, visuospatial, oromotor and language 

tests.75 The TAS test project only started in 2022 and results are yet to be published. 

It is likely that the TAS test will have less clinical utility than MCR. Completing the 

TAS test takes approximately 25 minutes and requires access to a computer with a 

camera,75 ruling out its use in large parts of the world. 
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1.5 Critical appraisal of Motoric Cognitive Risk 

The construct of the MCR syndrome has many strengths. However, several 

limitations exist, primarily arising from its reliance on the criteria of slow gait speed 

and subjective cognitive complaints.86 These limitations should be carefully 

considered when interpreting MCR as a potential measure for predicting later 

dementia. Indeed, Verghese raised many of these in the early MCR papers,1,25,30 

and I discussed them in my own MCR publications.24,87–89  

 

When considering the critiques shared by both slow gait speed and subjective 

cognitive complaints as independent predictors of dementia, several key points come 

to light. First, the lack of specificity surrounding these indicators needs consideration. 

Slow gait speed and subjective cognitive complaints are not exclusive to any 

particular cause or underlying pathology. Various factors, such as musculoskeletal 

issues, medications like opioids, and medical conditions like Parkinson's disease, 

can contribute to a decline in gait speed.28,90 Moreover, subjective cognitive 

complaints can arise due to stress, fatigue, or environmental factors.91 The absence 

of specificity poses challenges when attempting to pinpoint the precise origins of 

these symptoms.28,90,91 Second, the variability in assessment methods adds another 

layer of complexity. There are multiple ways to measure and operationalise slow gait 

speed, as described in more detail in section 3.3.1. Different studies use varying 

protocols, distances, or devices to measure gait speed. This can introduce 

inconsistencies when comparing results across studies.28 Section 3.3.1 also 

highlights the variability in methods for ascertaining subjective cognitive complaints. 

There is no universally agreed-upon method for measuring such complaints, further 

complicating the matter.34 Third, the potential influence of confounding factors cannot 

be ignored. For slow gait speed and dementia, these include body mass index (BMI), 

depressive symptoms, physical activity levels, and medications.28 For self-reported 

cognitive complaints and dementia, these include depression, anxiety, and certain 

personality traits.34 Failing to adequately account for these potential confounders in 

the analysis may compromise the accuracy and reliability of using MCR as a 

predictor for dementia.28 
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A critique specific to slow gait as a measure for predicting dementia is the lack of 

standardised slow gait cut-off values. There is no universally accepted cut-off value 

for defining slow gait speed in relation to cognitive impairment or dementia. Defining 

slow gait with a single uniform global cut score has the advantage of simplicity. 

However, this approach does not account for variability in gait speed due to age, 

sex92 or population differences.93 Before MCR can be applied clinically, preliminary 

work is necessary to identify age- and sex-grouped slow gait cut-off scores in the 

relevant clinical population.24 Section 3.3.2 elucidates this further. 

 

There are critiques specific to subjective cognitive complaint as a measure for 

predicting dementia. First, variability in interpretation poses challenges. Different 

individuals may interpret and express cognitive complaints differently. This can lead 

to variations in the severity or nature of reported cognitive difficulties.91 Second, 

biases and social desirability need to be considered. The fear of stigma or a desire to 

maintain a positive self-image can lead individuals to underreport or downplay their 

cognitive difficulties.34 Conversely, a desire for attention or secondary gain may lead 

some individuals to exaggerate cognitive complaints.34 

 

While the measures of slow gait speed and subjective cognitive complaints have 

limitations, it is crucial to acknowledge that combining the measures into MCR 

partially overcomes the limitations of using either independently as a predictor for 

dementia.33 This is supported by the finding that MCR has an incremental predictive 

ability for dementia over either objective slow gait or subjective cognitive complaint 

alone.1,25 As with all entities predictive of later health outcomes, it is important to 

balance the pros and cons for the task at hand. I have found that MCR’s clinical 

utility, accessibility, and ease and speed of measurement make it a fascinating 

research topic with huge potential to benefit people with dementia soon. 

 

1.6 Thesis overview 

This thesis explores our current understanding of the association between MCR and 

dementia using meta-analytic and epidemiological approaches. The opening chapter 

introduces this recently defined concept, outlines its brief history, and details its 

clinical importance. It critically appraises MCR and compares it to other predementia 
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syndromes, thus laying the foundations for the rest of the thesis. Chapter 2 gives an 

in-depth account of the prognostic ability of MCR, specifically by presenting a 

systematic review and meta-analysis of the current state of the MCR literature. This 

review also outlines hypotheses regarding the development of MCR. Chapter 3 

introduces the dataset upon which the thesis’ analytical studies are based, the 

Lothian Birth Cohort 1936 (LBC1936). This chapter then details the process of 

deriving MCR in the LBC1936, including the important decisions taken along the 

way. Chapter 4 describes the first empirical study of the thesis, detailing the 

prevalence of MCR and associated factors in the LBC1936. Chapter 5 focuses on 

socioeconomic status as a risk factor for MCR. Chapter 6 shifts temporarily from 

MCR to dementia ascertainment in LBC1936. This was an essential piece of work to 

allow for the later study of MCR as a predictor of dementia in LBC1936 (Chapter 7). 

Chapter 8 is an expanded discussion of the thesis findings, recommendations for 

future research, and overall conclusions.  
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2. Systematic review and meta-analysis of Motoric 

Cognitive Risk 

2.1 Chapter introduction 

This chapter synthesises and critiques the current literature on MCR with a focus on 

longitudinal studies examining the prognostic value of MCR for age-related adverse 

health outcomes. It provides the basis for a better understanding of the importance 

of MCR, its relevance to clinicians, and the current thinking on shared mechanisms 

between MCR and dementia. It outlines hypotheses on mechanisms underlying 

MCR, some of which are further explored later in the thesis.  

 

As discussed in Chapter 1, MCR was first defined as recently as 2013.1 

Nevertheless, given the significant interest from the research community, there have 

been many publications assessing its potential prognostic value for a variety of 

conditions common in older adults, including dementia. The systematic review and 

meta-analysis presented in this chapter was the first to pool summary statistics for all 

adverse health outcomes predicted by MCR reported on in three or more studies. As 

such, this meta-analysis could help clinicians and researchers decide whether 

identifying MCR is practical and useful for stratifying risk for the leading causes of 

morbidity and mortality in older adults, including cognitive impairment, dementia, 

falls, and increased mortality.  

 

A 2019 meta-analysis examined the association of MCR with adverse age-related 

health outcomes, focussing on cognitive impairment and dementia.94 My study 

updated this analysis with new studies and expanded the focus by including other 

important age-related health outcomes. Although this earlier study was robust 

overall, we addressed its limitations where possible. First, during the analysis, I 

avoided pooling different effect measures (e.g., hazard ratios and odds ratios). This 

necessitated contacting the authors of included studies to request raw data when I 

could not calculate the relevant effect measure from the published summary data. 

Second, I decided to only meta-analyse the most adjusted effect measure reported 

in the included studies to ensure the minimum possible bias from confounding. 

Consequently, they are likely to be more conservative than the existing meta-
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analysis. Third, the literature search of the pre-existing meta-analysis focused on the 

terms “Motoric Cognitive Risk” and “MCR,” thus only retrieving studies published 

after 2013, when MCR was first coined. By including the terms “slow gait” and 

“subjective cognitive complaint” and their synonyms, my search strategy was 

designed to retrieve any relevant studies published before 2013 that examined the 

MCR construct without naming it as such. It was entirely possible that researchers 

had examined the phenotype of combined slow gait and cognitive complaint prior to 

it being defined as MCR. However, my search found no relevant studies published 

prior to 2013, which is an important finding. 

In most evidence hierarchies, well-designed systematic reviews and meta-analyses 

are at the top of the pyramid when it comes to identifying, examining, and 

summarising the best evidence available in a research field.95,96 This is particularly 

the case in the absence of large, well-conducted Randomised Controlled Trials 

(RCTs), which is currently the situation for MCR. As such, my systematic review and 

meta-analysis, published in Alzheimer’s & Dementia, provides a strong foundation 

for this thesis. This chapter acts as a reference point and assists in defining the 

parameters for the rest of the thesis.  

2.2 Published manuscript 

Title: Mechanisms of motoric cognitive risk – Hypotheses based on a systematic 

review and meta-analysis of longitudinal cohort studies of older adults 
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Abstract

Weaimed to refine the hypothesis thatmotoric cognitive risk (MCR), a syndrome com-

bining measured slow gait speed and self-reported cognitive complaints, is prognostic

of incident dementia and other major causes of morbidity in older age. We propose

mechanisms on the relationship between motor and cognitive function and describe a

roadmap to validate these hypotheses. We systematically searched major electronic

databases from inception to August 2021 for original longitudinal cohort studies of

adults aged ≥60 years that compared an MCR group to a non-MCR group with any

health outcome. Fifteen cohorts were combined by meta-analysis. Participants with

MCR were at an increased risk of cognitive impairment (adjusted hazard ratio [aHR]

1.76, 95% CI 1.49–2.08; I2= 24.9%), dementia (aHR 2.12, 1.85–2.42; 33.1%), falls

(adjusted Relative Risk 1.38, 1.15–1.66; 62.1%), and mortality (aHR 1.49, 1.16–1.91;

79.2%). The prognostic value of MCR is considerable and mechanisms underlying the

syndrome are proposed.

KEYWORDS

dementia, falls, gait,mechanism,meta-analysis,mortality,motoric cognitive risk, pathophysiology,
prevention, prognostic, review, subjective cognitive complaint

1 NARRATIVE

1.1 Central question

Can a gait-based syndrome, motoric cognitive risk (MCR), predict

dementia and other age-related negative health outcomes? If so, what

are the possible underlyingmechanisms?

1.2 Objective

This paper is a proposal for an update of the Hypothesis on

the Motoric-cognitive Mechanism in Neurodegeneration-Dementia-

Alzheimer1 syndrome (abbreviated hereafter as theHypothesis) based

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2021 The Authors. Alzheimer’s & Dementia published byWiley Periodicals LLC on behalf of Alzheimer’s Association

on a thorough systematic review and meta-analysis of the evidence.

The presentwork intends to: (1) promote new thinking about the prog-

nostic value of MCR in dementia and other major causes of morbidity

in older age; and (2) propose shared mechanisms between MCR and

neurodegeneration and outline a roadmap for further work to validate

these hypotheses. This report aims to synthesize and critique current

evidence onMCR and describe challenges to theMCR concept and the

use ofMCR as a clinical tool.

1.3 Current knowledge

As there are still no effective treatments for dementia, any biomarker

that supports early identification of high-risk individuals would allow

Alzheimer’s Dement. 2022;18:2413–2427. wileyonlinelibrary.com/journal/alz 2413
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2414 MULLIN ET AL.

time for lifestylemodification, planning for future careneeds, and could

ultimately contribute to a reduction in overall prevalence of dementia.

Slow gait speed and self-reported cognitive complaints show potential

to be such biomarkers as they are some of the earliest reported pre-

cursors in the pre-clinical stage of dementia, occurring 10 to 15 years

before dementia diagnosis.1,2 MCR syndrome is a high-risk state com-

bining objective (measured) slow walking speed and subjective (self-

reported) cognitive complaint in those able to ambulate and in the

absence of dementia.3 First defined by Verghese in 2013,4 MCR has

incremental predictive ability over either slow gait or cognitive com-

plaint alone.5 Gait is a complex task requiring coordination between

widespread brain regions, therefore MCR may reflect neurodegener-

ation occurring in the preclinical stage of dementia. Imaging studies in

theMCR field indicate atrophy of executive function areas (frontal and

pre-frontal lobe networks).6

The only existing meta-analysis of MCR as a prognostic factor7

found that MCR predicts cognitive impairment and dementia. How-

ever, this meta-analysis had significant methodological limitations,

including pooling the results of different effect measures (e.g., hazard

ratios and odds ratios), something we were careful to avoid. Also, the

existing meta-analysis focused on the term “MCR,” thus only search-

ing for studies published after 2013 when MCR was first coined. By

including the terms “slow gait” and “subjective cognitive complaint,”

our search strategy was designed to capture any relevant earlier stud-

ies examining theMCRconstructwithout naming it as such. Ultimately,

there were no relevant studies published prior to 2013 found by our

search, which is an important finding. Other studies report that MCR

identifies those at risk of falls,8–10 post-falls hip fractures,9 disability,11

and mortality,12,13 but these studies have not yet been pooled in a

meta-analysis. Other non-systematicMCR reviews focused on risk fac-

tors for developingMCR14 or aimed to give amore general overview of

theMCR construct.6

1.4 Knowledge gap and importance of this study

Important conditions such as dementia or falls are projected to affect

such a large number of people over the next 30 years that even small

reductions in the incidence—or delaying the age of onset which would

have the same result—are likely to have significant effects on numbers

of people affected and consequently the huge associated public health

costs.5,14 Could therebe sharedmechanismsexplaining the association

ofMCRwithboth theseoutcomes? If so, identifying and targeting these

mechanisms could reduce the prevalence of thesemajor causes ofmor-

bidity and mortality in older adults. Furthermore, if a quick, inexpen-

sive, and easy-to-measure clinical construct could reliably identify peo-

ple at high risk of developing either or both dementia and falls, along

with other adverse health outcomes such as cognitive impairment and

mortality, it would be an important public health tool and would be

equally implementable in low-to-middle income countries. Our study

addresses this knowledge gap and proposes hypotheses on the under-

lyingmechanisms.

HIGHLIGHTS

∙ Motoric Cognitive Risk (MCR) is a syndrome combining

slow gait and selfreported cognitive complaints

∙ MCR is prognostic of incident dementia and other major

causes of morbidity in older age

∙ Meta-analysis found people with MCR were at an

increased risk of cognitive impairment and dementia

∙ They were also at increased risk of falls andmortality

∙ Based on the literature, possible mechanisms underlying

MCRwere discussed

RESEARCH INCONTEXT

1. Systematic Review: We systematically retrieved and

reviewed the literature using traditional sources and cor-

respondence with authors. While the predictive value of

motoric cognitive risk (MCR) for cognitive impairment,

dementia, falls, andmortality have been reported in suffi-

cient cohorts to allow for meta-analysis, other outcomes

such as disability were not, so were reported in narrative

form.

2. Interpretation: Our findings led to an integrated hypoth-

esis describing the pathophysiology ofMCR. This hypoth-

esis is consistent with epidemiological, imaging, and

genetic findings currently in the public domain.

3. Future Directions: This manuscript proposes a frame-

work for the generation of new hypotheses and describes

a roadmap to validate these hypotheses. Examples

include: (1) clarifying thedefinitionof subjective cognitive

complaint; (2) longitudinal studies with biomarkers and

pathological analysis; (3) genome-wide association stud-

ies of MCR to identify genetic polymorphisms and poten-

tial treatment targets of interest.

1.5 Limitations

We were unable to obtain raw data from every eligible study to

allow for calculation of a comparable summary effect measure for

each study for inclusion in the meta-analysis—an individual partici-

pant meta-analysis. Therefore, some studies had to be left out of the

pooled result, reducing the overall power. We believe this important

compromise ensures our findings are as valid and reliable as possible

based on the published literature while avoiding potential significant

delays to undertaking this novel work. Most studies in our review had

a degree of risk of bias (ROB) due to how they managed missing data

and confounding factors, and a lack of generalizability (Section 2.1.6).
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MULLIN ET AL. 2415

These are common limitations in cohort studies and partly explain

why they are lower down the hierarchy of evidence compared to ran-

domized controlled trials. We accounted for substantial heterogene-

ity in the mortality outcome by downgrading our Grading of Recom-

mendations Assessment, Development and Evaluation (GRADE) cer-

tainty assessment for inconsistency (see Section 2.2.5). Although some

might avoid pooling our mortality data due to statistical heterogene-

ity, we believe the summary data provide an important global perspec-

tive on MCR.13 There is a relatively small number of studies for each

health outcome in the meta-analysis, meaning that statistical tests for

publication bias lacked power to detect real asymmetry from chance,

although visual inspection of funnel plots is reassuring (Section 2.3.5).

Finally, dementia is a clinical diagnosis, but in the studies included it

was often determined using surrogate markers such as scores in cog-

nitive tests, increasing heterogeneity and decreasing the generalizabil-

ity of our findings. This is a common issue in dementia research using

cohort data. Reassuringly, the results of studies that diagnosed demen-

tia using clinical criteria4,5 were consistent with those using surrogate

markers.11,15

1.6 Discussion

Our results for risk of cognitive impairment and dementia in par-

ticipants with MCR at baseline were consistent with the only exist-

ing meta-analysis on the topic.7 This earlier meta-analysis reported

that individuals with MCR were at a 70% increased risk of develop-

ing cognitive impairment (adjusted Hazard Ratio [aHR] 1.70, 95% con-

fidence interval [CI] 1.46–1.98) and a 150% increased risk of devel-

oping dementia (aHR 2.50, 95% CI 1.75–2.39). The slight differences

between our results and theirs reflect our inclusion of new studies

and two major strengths of our study, namely our decisions to only

pool summary effect measures of the same type and to always use the

most adjusted effect measure reported. Accordingly, our findings have

reduced confounding and are likely to bemore conservative.

Our paper makes methodological advances on the existing

meta-analysis with regards to cognitive impairment and dementia

outcomes,7 and it is the first to meta-analyze MCR studies report-

ing on falls and mortality outcomes. As MCR is a recently defined

construct, more research is needed to increase certainty in each of

our findings, particularly falls prediction. Other outcomes more likely

in those with MCR at baseline include recurrent falls, post-falls hip

fractures, and disability, but these outcomes require further research

to allow for robust meta-analysis.

1.6.1 Hypotheses on mechanisms underlying MCR

Interactions betweenMCR, poor brain health, falls, and increasedmor-

tality are likely due to a range of biological, psychological, and social

mechanisms. Causality is likely to be bidirectional, and themechanisms

may be multifactorial. There is unlikely to be one, unifying mecha-

nism linking MCR with these negative health outcomes, but, based on

recent evidence, we propose hypotheses to explain some of the poten-

tial underlying biological mechanisms.

1.6.2 Epidemiological and clinical

MCR prevalence increases with age with rates of 8.9% in the 60 to 74

years group and 10.6% in the≥75 years group.5 MCRmay increase the

risk of dementia, falls, and mortality by contributing to geriatric syn-

dromes such as delirium, depression, and medication mismanagement.

Lower education is associated with increased risk of MCR5,13,16 and is

an established risk factor for dementia. Low physical activity is another

lifestyle risk factor shared by MCR with dementia, falls, disability, and

increased mortality.11,13,17 Reduced concentration and psychomotor

retardation are well-recognized symptoms of depression, so it is no

surprise that depression has been associated with MCR.18 Personal-

ity traits such as neuroticism19 have also been associated with MCR,

which may in part be due to an increased likelihood in this population

to report subjective cognitive complaint. Pilot trials to improve execu-

tive function by cognitive training, dual-task “walking while talking,” or

brain stimulation have improved gait speed.6

1.6.3 Neuropathology

Emerging data suggest that both neurodegenerative and vascular

changes may contribute to progression to dementia in those with

MCR.20 It is widely accepted that cerebral small vessel disease (SVD)

is an important cause of dementia and it is estimated that over one

third of dementias could be prevented by preventing stroke.21 Lacunar

infarcts in the frontal lobewere associatedwithMCRevenafter adjust-

ing for vascular risk factors and presence of white matter hyperinten-

sities (adjusted Odds Ratio (aOR): 4.67, 95% CI 1.69–12.94).22 SVD is

also a significant contributor to risk of falling and SVD, especially in the

frontal lobes, and has been linked to increased mortality.12 However,

adults free of dementia with slow gait had associated amyloid β (Aβ)
brain deposition, independent of underlying vascular change.23

Cognition and gait share many other risk factors such as cardio-

vascular disease and diabetes mellitus24 so it is no surprise that a

pooled meta-analysis found that MCR was associated with both of

these chronic conditions, as well as hypertension and stroke.25 These

findings support our hypothesis that a vascularmechanismmay under-

lie the pathophysiology ofMCR syndrome.

1.6.4 Neuroimaging and neurophysiology

A 2019 review reported that MCR was associated with lower gray

matter volume in the premotor and prefrontal cortices, but had no

significant association with white matter abnormalities.7 The authors

concluded that the pathophysiology of MCR was more likely due to
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2416 MULLIN ET AL.

neurodegenerative rather than ischemic lesions.7 This conclusion was

admittedly based on a small number of imaging studies and it was

hypothesized that MCR detects individuals at such an early stage of

the disease process leading to dementia that the consequences of the

vascular componentmay not yet be detected.7 Furthermore,MCRwas

associatedwith frontal lacunar infarcts in a study of 139 older adults in

India.22

1.6.5 Genetics

The first study to investigate individual-level genetic burden in rela-

tion to a predementia syndrome examined the polygenic inheritance

of MCR in a sample of 4915 older individuals.26 The authors exam-

ined nine phenotypes associated with MCR and found that obesity-

related genetic traits increase the risk of MCR syndrome. Obesity in

older adults is an established risk factor in falls, disability, and increased

mortality.27,28

A prospective examination of inflammatory cytokine genes found

that polymorphisms which lead to over-expression of the anti-

inflammatory cytokine Interleukin-10 (IL-10) are associated with

increasedMCR incidence.29 While thismakes any shared neuroinflam-

matory pathway between MCR and dementia less probable, an over-

expression of IL-10 points toward a proamyloidogenic hypothesis of

cognitive decline.29 Earlywork inmicemodels found that IL-10 expres-

sion leads to increased Aβ accumulation and reduction in synaptic pro-

teins as well as increasing expression of APOE and suppressed phago-

cytosis of β-amyloid by microglia.30 This link between APOE and MCR

is perhaps unsurprising as the APOE ε4 allele was independently asso-

ciated with increased risk of gait speed decline and disability in older

men.31

1.6.6 Cellular mechanisms

No specific mechanistic work on MCR at the cellular level has been

performed to date. However, emerging evidence on the effects of

Alzheimer’s disease pathology on motor neuron function in transgenic

mice merit consideration. For example, many studies have reported

on the impaired motor performance such as beam walking and sig-

nificant motor neuron axonopathy in transgenic mice with β-amyloid

mutations.1,32 It will be fascinating to assess if future studies treating

developed or preventing Alzheimer’s disease pathologies improves or

prevents further declines of motor function.1

1.7 Major challenges for the Hypothesis

First, the definition of MCR requires standardization to allow for bet-

ter comparison of MCR prevalence rates and prognostic value across

populations. The range of methods for diagnosing subjective cognitive

complaint highlights the need for a consistent definition of MCR in

future studies.

Early work by Verghese et al.4 found that MCR was better at pre-

dicting vascular dementia than Alzheimer’s dementia, but more recent

work in an independent cohort15 found conversely that MCRwas bet-

ter at predicting Alzheimer’s dementia than non-Alzheimer’s demen-

tia. This challenges the premise that early upstream vascular alter-

ations degrade the brain structures shared by cognitive and motor

function systems, namely frontal and prefrontal motor cortex.20,21

However, there may be different subtypes of MCR that predict tran-

sition to either Alzheimer’s dementia or non-Alzheimer’s dementia17

and it is of great clinical importance to explore this possibility

further.

1.8 Conclusions and next steps

Themotoric-cognitive hypothesis of neurodegenerationdoes not seem

to have one unifying underlying mechanism, so future steps to eluci-

date these will require a multidisciplinary approach as outlined below,

exploring the issue using complementary techniques.

1. The relative contributions from cortical motor regions to neu-

ropsychological tests that comprise part of the clinical diagnosis of

dementia remain to be addressed.1

2. Longitudinal studies of at-risk populationswith genetic, neurophys-

iological, neuroimaging, or other biomarkers and pathological val-

idation will help determine the progress of motor and cognitive

impairment in dementia.33

3. A large-scale discovery genome-wide association study of MCR is

an important step to identify underlying biological mechanisms of

MCR. This would identify targets for further investigation and pos-

sibly treatment to reduce MCR and ultimately dementia, falls, dis-

ability, and excess mortality. The generation of a reliableMCR poly-

genic risk score might have clinical utility for early prediction, and

thus prevention, of those at risk ofMCR.

4. Interventional trials are important to assess whether targeting

slow gait and subjective cognitive impairment delays or reverses

MCR, and whether this reduces transition to cognitive impairment,

dementia, falls, and excess mortality.

2 CONSOLIDATED RESULTS AND STUDY
DESIGN

2.1 Methodology

This systematic review was conducted following the updated

guidelines of Preferred Reporting Items for Systematic reviews

and Meta-Analyses (PRISMA 2020)34 and the meta-analysis fol-

lowed the Meta-analysis Of Observational Studies in Epidemiology

(MOOSE) guidelines.35 The protocol was pre-registered in the inter-

national prospective register of systematic reviews (PROSPERO

CRD42020225183).
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MULLIN ET AL. 2417

2.1.1 Search strategy

We searched the AMED, APA PsycInfo, CINAHL, Cochrane, EMBASE

and Ovid MEDLINE databases from conception to August 20, 2021,

then carried out a backwards and forwards citation searchwith no lan-

guage or publication date restrictions. The search strategywas devised

iteratively with support from an academic librarian, and the strategy

was peer reviewed using the Peer Review of Electronic Search Strate-

gies (PRESS) checklist.36 The full search strategy is in Table S1 in the

Supporting Information.

2.1.2 Eligibility criteria

We used the PICOT (Population; Intervention; Comparator; Outcome;

Timing/Type) system to design our review question (Box S1).37 In sum-

mary, we examined longitudinal cohort studies of community-based

adults aged ≥60 years with an MCR group compared to a non-MCR

group for any health outcomewith aminimumof 1 year follow-up.Only

peer-reviewed full-text articles were included in themeta-analysis and

synthesis.

2.1.3 Screening and selection

Two authors (Donncha S. Mullin and Alastair Cockburn) indepen-

dently reviewed all titles then all included abstracts using Covidence

software.38 If the study appeared to meet the selection criteria, the

same two investigators independently reviewed the full text. Discrep-

ancies were resolved through open discussion and verified by a third

author when necessary.

2.1.4 Data collection process

We iteratively designed a bespoke data extraction tool based on the

CHARMS-PF (CHecklist for critical Appraisal and data extraction for

systematic Reviews of prediction Modeling Studies, adapted for prog-

nostic factors) template37, which two authors (Donncha S. Mullin and

Alastair Cockburn) used independently to extract data from eligible

studies (Table S2). We then compared the extracted data and resolved

any discrepancies through discussion and referring to the study in

question. The combined data extraction tool was then double-checked

for accuracy.Whenever study detailswere unclear, we contacted study

authors for further information.

2.1.5 Data items

We extracted the following data for the exposure variable (MCR): slow

gait measurement protocol, average gait speed, subjective cognitive

complaint measurement method, and MCR prevalence rate. For our

outcome variables, we recorded method of measurement as well as

themost adjustedmodel results of any health outcome result, whether

reported as aHR, aOR, or adjusted relative risk (aRR), and their corre-

sponding 95% CIs and P-values, if available. Unadjusted model results

were not reported frequently enough to allow meaningful compari-

son on synthesis. To inform assessment of residual confounding, we

recorded the covariates forwhich adjustmentwasmade in eachmodel.

Where an outcome was reported over various follow-up timepoints

we selected those timepoints most common across studies to mini-

mizemeta-analysis heterogeneity.Other data itemsextracted included

author name, year, country, cohort, size, the study design, and partici-

pant characteristics.

2.1.6 Study quality and ROB assessment

We performed a ROB assessment, using an expanded version of

the Quality In Prognosis Studies (QUIPS) tool recommended by the

Cochrane Prognosis Methods Group to assess ROB in prognostic fac-

tor studies.37 We generated a summary ROB plot illustrating the over-

all ROB of the literature base, and a ROB traffic light plot to illustrate

the ROB of each study. The ROB assessments were incorporated into

our meta-analysis at the grading of evidence stage.

2.2 Meta-analysis

2.2.1 Eligibility for each synthesis

We tabulated the study outcome characteristics and compared each

against our planned outcome to ensure that the study outcome was

valid. We only included in the meta-analysis those studies with out-

comes which were judged satisfactory by our clinical content experts.

Only health outcomes reported from at least three cohorts were

included in themeta-analysis, to ensure appropriate synthesis.

2.2.2 Effect measures

We used aHR and 95% CI values to synthesize studies reporting cog-

nitive impairment, dementia, and mortality outcomes, and aRR and

95% CI values to synthesize studies reporting falls as the outcome.

These were the effect measures most reported in eligible studies for

each of these outcomes, thus allowing inclusion of most studies. When

a study reported the effect measure in a way incompatible with our

analysis, we contacted the authors to request data to allow for our

own calculation (eg, aHR) or we converted the effect measure (eg, aOR

to aRR), if possible and appropriate, based on methods suggested by

Tierney.39 If these attempts were not successful, we omitted the study

from our meta-analysis to avoid comparing different effect measures

in the one analysis. In all cases, only the most adjusted effect measures

were used.
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2418 MULLIN ET AL.

2.2.3 Synthesis methods

We log-transformed our effect measures and their 95% CIs to make

them normally distributed, an assumption of our meta-analysis model.

We then calculated log standard error using the methods described in

the Cochrane Handbook v6.2.40

We used a random-effect model (REM) to allow for within-study

sampling error and between-studies variability due to varying study

characteristics. The relative lack of small studies supported our deci-

sion to use the REM approach (as smaller studies receive larger

weights in REM in comparison to fixed-effect modeling). The degree

of heterogeneitywas calculated using a restrictedmaximum-likelihood

estimator, following recent guidance.40 The extent and impact of

between-study heterogeneity were visually displayed in forest plots

and reported as the tau-squared and I-squared statistic, accompanied

by 95%CIs to judge our confidence about thesemetrics. I-squaredwas

chosen over Cochrane’s Q to better account for the small number of

studies in each analysis. Prediction intervals are included in the for-

est plots to illustrate the range for which we can expect the effects

of future studies to fall, based on our present evidence in the meta-

analysis. Prediction intervals help overcome any limitations of the I-

squared and tau-squared methods.41 Meta-analysis was performed by

one author (Donncha S. Mullin) in R (version 4.0.2) using the metafor

(2.4.0) and dmetar (0.0.9) packages.42

We tabulated our study characteristics structured by outcome

domain, ordered from low to highROB to orientate readers to themost

robust evidence (Table 1). The results of the meta-analyses are dis-

played in forest plots for each outcome, displaying the effect estimates

andCIs of each study and the summary estimate. The plots are ordered

by study weight to highlight any patterns in the data.

2.2.4 Assessing publication bias or outcome
reporting bias

We produced funnel plots for meta-analysis of MCR for each health

outcome to allow for visual assessment of small-study effects. These

were assessed for asymmetry using Egger’s test. To assess outcome

reporting bias, two reviewers (Donncha S. Mullin and Alastair Cock-

burn) independently compared the outcomes reported in the methods

and results sections of the studies.

2.2.5 Certainty assessment methods

Our default starting position regarding certainty in the level of evi-

dence was in keeping with the Cochrane guidance to generally regard

evidence from sound observational studies as low quality.40 We modi-

fied the GRADE considerations adapted for prognosis research as rec-

ommendedbyHuguet43 to assess the certainty of the body of evidence

as it related to the studies included in the meta-analyses for each out-

come. See Section 3.1.2 and Box S2 for full details.

2.3 Results

2.3.1 Study selection

We found 705 records upon database searching, following de-

duplication.Wesought retrieval of full-text reports for 94.We included

15 studies from the databases search,4,5,8–13,15–17,44–47 with 11 of

these proving eligible for meta-analysis. We then performed back-

wards and forwards citation searching by reviewing the reference lists

of these studies, as well as those of three reviews7,14,48 and one edito-

rial paper33 onMCR. Of the 1800 records found this way, we reviewed

full-text reports for 35 but included no additional papers. One longitu-

dinal study which appeared to meet inclusion criteria was excluded as

theMCR group defined using slow gait speed as a criterionwas not fol-

lowed up longitudinally.3 Figure 1 shows the PRISMA flow diagram of

study selection.

2.3.2 Study characteristics

Table 1 shows the key characteristics for each cohort included in the

meta-analysis, structured by outcome, and ordered by ROB from low

to high risk. More detail is available in Table S3. All studies were pub-

lished from 2013 onwards. Six cohorts were based in the USA,4,5,12

three from European countries,5,9,12 and one from each of Canada,45,

Japan11 China,47, Mexico16 Australia,8 and New Zealand.10 Cohort

sizes ranged from 176 to 6795 participants (average 2036). All par-

ticipants were older adults at baseline with a mean age ranging from

65 to 84.6 years (average 76 years). Gait speed was assessed using

a stopwatch in most studies other than the three which reported

on cohorts that used a computerized walkway.4,5,8 The measuring

distance ranged from 2.4 to 6 meters and most cohorts measured

usual walking speed, although two studies measured maximum walk-

ing speed.10,46 Slowgaitwas defined as one standard deviation ormore

below age- and sex-matched means in the population in all but two

cohorts, one of which classed as slow walkers all those walking < 0.8

meters per second (or < 0.66 meters per second if female less than

1.45 m in height)16 and the other which classed as slow walkers all

those in the lowest 20th percentile of the cohort population.47 Sub-

jective cognitive complaint was measured using different methods in

different cohorts, such as the memory item from the 15-item Geri-

atric Depression Scale,8,10,11,15,17,44,46 the eight-item informant inter-

view (AD8),17 the Clinical Dementia Rating scale,17 or the 15-item

Consortium to Establish a Registry for Alzheimer’s Disease (CERAD)

questionnaire.4 Of note, studies on the EPIDOS cohort included in this

review andmeta-analysis used an objective measure of cognitive com-

plaint, namely any incorrect responses on the Short Portable Mental

Status Questionnaire (SPMSQ). Accordingly, results should be treated

with caution.9,13,15 In other studies, a positive response from partici-

pants to a question such as “Is your memory worse than 10 years ago?”

was sufficient.12
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MULLIN ET AL. 2419

TABLE 1 Characteristics and results of the studies included in themeta-analysis

MCR as a predictor of dementia

Study Cohort Size

MCR

prevalence%

Agemean

years Result (95%CI)

Doi et al.,11 (2017) OS-HPE 4235 6.3 72 2.49 (1.52–4.1) P< .001

Verghese et al.,4 (2013) EAS 767 6.8 79.9 2.72 (1.24–5.97) P= .013

Verghese et al.,5 (2014) MAP 1280 13 79.9 2.1 (1.43–2.09)

Verghese et al.,5 (2014) ROS 1013 13 75.1 1.98 (1.44–2.74)

Verghese et al.,5 (2014) H-EPESE 1562 9 72.3 1.79 (1.31–2.44)

Beauchet et al.,45 (2020) NuAGE 1098 4.2 73.8 5.18 (2.43–11.03) P≤ .001

MCR as a predictor of cognitive impairment

Study Cohort Size

MCR

prevalence%

Agemean

years Result (95%CI)

Aguilar-Navarro et al., 16

(2019)

MHAS 726 14.3 69.8 2.46 (1.25–4.84) P= .009

Verghese et al.,5 (2014) MAP 1280 13 79.9 1.49 (1.08–2.07) P= .015

Verghese et al.,5 (2014) ROS 1013 13 75.1 1.9 (1.44–2.51) P= .001

Verghese et al.,5 (2014) H-EPESE 1562 9 72.3 1.48 (1.16–1.88) P= .002

Verghese et al.,5 (2014) InCHIANTI 700 8 74.1 2.74 (1.54–4.86) P= .001

Liu et al.,47 (2021) CHARLS 1177 6.7 65 1.95 (1.21–2.82)

MCR as a predictor of falls

Study Cohort Size

MCR

prevalence%

Agemean

years Result (95%CI)

Callisaya et al.,8 (2016) LonGenity 509 11 75 1.06 (0.74–1.52)

Callisaya et al.,8 (2016) EAS 817 12.1 79.7 1.18 (0.93–1.49)

Callisaya et al.,8 (2016) HRS 3640 6.7 74.4 1.37 (1.18–1.58)

Callisaya et al.,8 (2016) InCHIANTI 832 6.9 73.5 1.78 (1.23–2.55)

Callisaya et al.,8 (2016) TASCOG 406 1.7 72 2.15 (1.57–2.94)

Beauchet et al.,9 (2019) EPIDOS 5958 9.9 80.2 1.18 (1.02–1.36)

Lord et al.,10 (2020) LiLACS

Non-Maori

302 1.9 84.6 1.67 (0.86–3.23)

Lord et al.,10 (2020) LiLACSMaori 176 4.3 82.6 0.46 (0.07–2.83)

MCR as a predictor of mortality

Study Cohort Size

MCR

prevalence%

Agemean

years Result (95%CI)

Ayers and Verghese,12 (2016) HRS 4686 8 74.7 1.87 (1.54–2.28)

Ayers and Verghese,12 (2016) NHATS 6795 6.4 77.3 1.62 (1.21–2.16)

Ayers and Verghese,12 (2016) SHARE 4559 7 81.7 1.5 (1.04–2.16)

Beauchet et al.,13 (2019) EPIDOS 3778 10.1 80.5 1.09 (0.89–1.34) P= .401

Note: Results are adjusted hazard ratios except for those cohorts with falls as the outcome, which are adjusted relative risk. For further details, see Table S3

in the Supporting Information.

Abbreviations:MCR,motoric cognitive risk; CI, confidence interval;H-EPESE,Hispanic establishedpopulation for epidemiological studies of the elderly; ROS,

religious order study; MAP, memory and aging project; CHARLS China health and retirement survey; InCHIANTI, Invecchiare in ChiantiI; MHAS, Mexican

health and aging study; OS-HPE, Obu study of health promotion for the elderly; NuAGE, Quebec longitudinal study on nutrition and successful aging; EAS,

Einstein aging study; EPIDOS, Epidemiologie de l’Osteoporose;HRS, health and retirement study; TASCOG,Tasmanian studyof cognition andgait; LonGenity,

longevity associated genotypes study; LiLACS, life and living in advanced age, a cohort study inNewZealand;NHATS,National health and aging trends study);

SHARE, survey of health, ageing and retirement in Europe.
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2420 MULLIN ET AL.

Records identified from:
AMED, APA PsycInfo, 
CINAHL, Cochrane, 
EMBASE, Ovid MEDLINE
(n = 1057)

Duplicate records removed 
before screening (n = 352)

Records screened
(n = 705)

Records excluded
(n = 611)

Reports sought for retrieval
(n = 94)

Reports not retrieved
(No full-text) (n = 9)

Reports assessed for eligibility
(n = 85)

Reports excluded (n = 71)
Wrong exposure (n = 28)
Wrong study design (n = 19)
Duplicate (n = 14)
Wrong outcome (n = 8)

Records identified from:
Backwards and forward 
citation searching (n = 1800)

Reports assessed for eligibility
(n = 35) Reports excluded (n = 35)

Wrong exposure (n = 20)
Wrong outcome (n = 12)
Wrong study design (n = 2)

Studies included in 
review (n = 15)

Identification of studies via databases and registers Identification of studies via other methods
Id

e
n

ti
fi

c
a
ti

o
n

S
c

re
e

n
in

g
In

c
lu

d
e
d

Reports sought for retrieval
(n = 35)

Reports not retrieved
(No full-text) (n = 0)

Duplicate records removed
before screening (n = 685)

Records screened
(n = 1115)

Records identified from:
Other sources (n = 0)

F IGURE 1 Preferred Reporting Items for Systematic Reviews andMeta-Analysis (PRISMA) flow diagram of study selection, format adapted
from Page et al.34 Abbreviations: EMBASE, ExcerptaMedica dataBASE; AMED, allied and complementarymedicine Database; CINAHL,
cumulative index to nursing and allied health literature; APA PsycInfo, American Psychological Association Psychological Information.

2.3.3 Results of ROB assessments

Figure 2 contains a summary ROB of the pooled studies (top) as well

as a traffic-light plot (bottom) showing the ROB of the individual stud-

ies, assessed against the nine domains. In the pooled summary, the

domainswith highest ROBwere due tomissing data, exposure variable

measurement, confounding andgeneralizability. In the traffic-light plot,

there was a high ROB in at least one domain in the majority (7/11) of

studies, and all studies contained at least onedomain judged as being of

some concern. Overall, six studies had low ROB, four studies had some

concerns, and one study had a high ROB.

2.3.4 Meta-analysis of health outcomes predicted
by MCR

The meta-analysis findings are summarized in the forest plots and

described inmore detail below (Figure 3).

Dementia

We combined six cohorts from four studies that examined dementia as

an outcome, totaling 9955participants.4,5,11,45 Four cohortswere from

twostudieswith a lowROB4,5 and twowere fromstudieswith amoder-

ate risk of overall bias.11,45 Individuals withMCR at baselinewere over

twice as likely to develop dementia compared to those without MCR,

over an average follow-up of 4.3 years (aHR 2.12, 95% CI 1.85–2.42,

P< .0001, I2= 33.1%, tau2 =< 0.0001, prediction interval 1.75–2.56).

Cognitive impairment

Six cohorts from three studies, including a total of 6458 participants,

reported on cognitive impairment as an outcome. Five cohorts were

from two studies with a low risk of overall bias5,16 and one47 with a

moderate risk of overall bias. Those with MCR at baseline were at an

increased risk of developing cognitive impairment compared to those

without MCR, over an average follow-up of 5.6 years (aHR 1.76, 95%

CI 1.49–2.08, P< .0001, I2= 24.9%, tau2 = 0.0095, prediction interval

1.23–2.52).

Falls

We combined eight cohorts from three studies, including a total of

12,640 participants with falls as an outcome. Two cohorts were from

one studywith ahigh risk of overall bias,mainly due to this study’s small

sample size and method of dealing with confounders.10 These cohorts

were weighted in the meta-analysis in accordance with their results

imprecision, so their effect on the overall result was minimal (com-

bined weighting of 6.3%). One cohort was from a study with a moder-

ate ROB,9 while the other five cohorts were from a study with a low

ROB.8 ThosewithMCR at baselinewere at a 38% relative risk increase

of falls compared to those without MCR (aRR 1.38, 95% CI 1.15–1.66,

P = .0005, I2= 62.1%, tau2 = 0.039, prediction interval 0.91–2.36).

 15525279, 2022, 12, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.12547 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [17/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

26



MULLIN ET AL. 2421

F IGURE 2 ROB (risk of bias) summary of pooled data (top panel) and traffic-light plots for individual studies onmotoric cognitive risk (bottom
panel).

The average follow-up of all cohorts was 1.4 years. A subgroup anal-

ysis excluding the two cohorts with a high risk of overall bias (total

n=478participants)madenodifference to the effectmeasure of prog-

nostic ability for MCR at baseline with falls on follow-up (aRR 1.38,

95%CI 1.14–1.69,P= .0013, I2=70.2%, tau2 =0.043, prediction inter-

val 0.73–2.63).

Mortality

Four cohorts from two studies, including 19,818 participants, reported

on mortality as an outcome. Three of these came from a study with a

low risk of overall bias,12 with the other study13 having amoderate risk

of overall bias. Those with MCR at baseline were at an increased risk

of mortality compared to those without MCR, over an average follow-

up of 5.3 years (aHR 1.49, 95% CI 1.16–1.91, P < .0001, I2= 79.2%,

tau2 = 0.0477, prediction interval 0.50–4.42).

2.3.5 Bias of studies or outcomes included in the
meta-analysis

On visual inspection of the funnel plots, both the dementia and cogni-

tive impairment outcomes appear to be missing smaller studies with
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2422 MULLIN ET AL.

F IGURE 3 Forest plots of motoric cognitive risk (MCR) and negative health outcomes. Higher value for the hazard ratio (HR) indicates higher
risk of outcome ifMCR at baseline. The effect measures (hazard ratios for dementia, cognitive impairment, andmortality; relative risk for falls) are
themost adjustedmodel results reported in each study. Abbreviations: CI, confidence interval; H-EPESE, Hispanic established population for
epidemiological studies of the elderly; ROS, religious order study;MAP, memory and aging project; CHARLS China health and retirement survey;
InCHIANTI, Invecchiare in ChiantiI; MHAS,Mexican health and aging study; OS-HPE, Obu study of health promotion for the elderly; NuAGE,
Quebec longitudinal study on nutrition and successful aging; EAS, Einstein aging study; EPIDOS, Epidemiologie de l’Osteoporose; HRS, health and
retirement study; TASCOG, Tasmanian study of cognition and gait; LonGenity, longevity associated genotypes study; LiLACS, life and living in
advanced age, a cohort study in New Zealand; NHATS, National health and aging trends study); SHARE, survey of health, ageing and retirement in
Europe.
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MULLIN ET AL. 2423

F IGURE 4 Funnel plots of motoric cognitive risk (MCR) and each of the four outcomes from themeta-analysis. Abbreviations: HR, hazard
ratio; RR, relative risk.

a smaller effect size (Figure 4). As there are fewer than ten studies

for each outcome, any test for funnel plot asymmetry will have low

power for distinguishing chance from real asymmetry.40 Nonetheless,

the results from Egger’s test did not support asymmetry for dementia

(P = .15), cognitive impairment (P = .06), falls (P = .69), or mortality

(P= .54).

There was no evidence of selective non-reporting of results

from any of the studies included in this review or meta-

analysis.

3 FURTHER DETAIL ON METHODS AND
RESULTS

3.1 Further methodological details

3.1.1 Quality assessment of included studies

Prior to ROB assessment, two authors (Donncha S. Mullin and Alas-

tair Cockburn) independently evaluated the methodological quality
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2424 MULLIN ET AL.

TABLE 2 GRADE assessment of certainty in the body of evidence forMCR as a predictor of each health outcome

Participants and setting: Longitudinal cohort studies of older adults in community settings

Exposure:MCR or both of its components, objective slow gait speed and subjective cognitive complaint

Comparator: a non-MCR group

Outcomes and effect

size (95%CI) No. Phase ROB Inconsist. Imprecis. Indirect. Pub. bias Effect size

GRADE certainty

of evidence

Dementia

aHR 2.12

(1.85-2.42)

9955 ⊕⊕◯◯

Low

Cognitive Impairment

aHR 1.76

(1.49-2.08)

6458 ⊕⊕◯◯

Low

Falls

aRR 1.38

(1.15-1.66)

12,640 ⊕⊕◯◯

Low

Mortality

aHR 1.49

(1.16-1.91)

19,818 ⊕⊕◯◯

Low

= no concerns = some concerns
Note: High certainty: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: We are moderately con-

fident in the effect estimate—the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low

certainty: Our confidence in the effect estimate is limited—the true effect may be substantially different from the estimate of the effect.

Abbreviations: aHR, adjusted hazard ratio; aRR, adjusted relative risk; No, number of participants in pooledmeta-analysis for each outcome; Phase, phase of

Investigation; ROB, risk of bias; Inconsist, inconsistency; Imprecis, imprecision; Indirect, indirectness; Pub. Bias, publication bias.

of the selected studies using a customized quality assessment tool

that builds on the 14 criteria of the Cochrane recommended National

Institute for Health (NIH) Quality Assessment Tool for Observational

Cohort and Cross-Sectional Studies.49 An additional 15 criteria from

the Strengthening The Reporting of Observational Studies in Epidemi-

ology (STROBE) guidelines50 were added to our tool, resulting in a total

of 29 criteria by which each study was assessed (Table S4). The two

authors independently rated each study quality overall as “high” ifmost

criteria were met and there was little ROB, “satisfactory” if most cri-

teria were met with some flaws in the study, or “low” when most cri-

teria were not met, and/or there were significant flaws relating to key

aspects of study design. Any discrepancies in judgments were resolved

by discussion to reach a consensus. There were no discrepancies in our

independent overall impression of each study. Our approach fits with

that recommended by the Cochrane Handbook v6.2.40

In addition to this detailedquality assessment,weperformedamore

succinct ROB assessment as described in Section 2.1.6. From the cri-

teria in our quality assessment tool, we selected those most relevant

to ROB: (1) bias due to lack of study focus; (2) bias arising from cohort

used; (3) bias due toMCRmeasurement; (4) bias due to outcomemea-

surement; (5) bias due to missing data; (6) bias due to confounding;

(7) bias due to follow-up; (8) bias due to results precision; (9) bias due

to lack of generalizability. These criteria are more appropriate when

assessing ROB of studies describing a syndrome such as MCR than

the recently developed Predictionmodel RiskOf Bias ASsessment Tool

(PROBAST) tool,51 which assesses multivariable prediction models.

The ROB plots were created in the coding language R using the “robvis

(0.3.0.9)” package.52 The code syntax is openly available on GitHub.53

3.1.2 Assessment of certainty in the body of
evidence

Weassessed the certainty of the body of evidence forMCRas a predic-

tor of each outcome in the meta-analysis against the GRADE consid-

erations adapted for prognosis research as recommended byHuguet43

(see Section 2.2.5). We graded the certainty in the results for MCR as

a predictor of dementia, cognitive impairment, falls, and mortality as

low (see Table 2). This low certainty is typical for prognosis research

using even sound observational studies.40 The seven GRADE criteria

considered, and our impressions for each, are described in Box S2 of

the appendix.

3.2 Further results

3.2.1 Studies excluded from meta-analysis

A further two eligible studies15,46 reported on MCR as a predictor of

dementia and two more as a predictor of cognitive impairment,17,44

but due to how the effect size was reported in each (eg, reporting OR

rather than HR), we were unable to include them in our meta-analysis.

Despite correspondencewith study authors,wedid not obtain the data

necessary to allow calculation of the effect measure used in our meta-

analysis. Reassuringly, these excluded studies share similar character-

istics and direction of effect size to those included in themeta-analysis

(Table 3). They were judged as having either a moderate or high ROB.

The effect precision was poor in three of the studies and not reported
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MULLIN ET AL. 2425

TABLE 3 Characteristics of studies excluded frommeta-analysis due to incompatible effect measures or lack of similar studies

Incompatible effect measures

Study Outcome Country Cohort Size

Female

%

MCR

prevalence%

Agemean

years

Time

years Result (95%CI) ROB

Beauchet al.,15

(2020)

Dementia France EPIDOS 651 100 13.5a 79.5 7 aOR 2.07

(1.06–4.02)

P= .033

Mod.

Kumai et al.,46

(2016)

Dementia Japan Kurihara 516 61 11.1 79.8 4 aOR 1.38 (NR) High

Allali et al.,17

(2016)

Cognitive

Impair-

ment

USA CCMA 314 32 8 79.4 2 aOR 3.59

(1.30–10.10)

P= .016

Mod.

Beauchet

et al.,44

(2020)

Cognitive

Impair-

ment

Canada NuAGE 1113 51.9 4.2 73.8 3 aOR 5.16 (CI

2.20–12.08)

P≤ .001

Mod.

Lack of similar studies

Study Outcome Country Cohort Size

Female

%

MCR

prevalence%

Agemean

years

Time

years

Result (95%CI)

P-value ROB

Doi et al.,11

(2017)

Disability Japan OSHPE 4235 50 6.3 72 2.5 aHR 2.25

(1.39–3.67)

P= .001

Low

Beauchet et al.,9

(2019)

Falls recur-

rence (>=2)

France EPIDOS 5958 100 9.9 80.2 4 aHR 1.46

(1.04–2.05)

P= .030

Mod.

Beauchet et al.,9

(2019)

Post-fall hip

fractures

France EPIDOS 5958 100 9.9 80.2 4 aHR 2.54

(1.78–3.63)

P≤ .001

Mod.

Abbreviations:MCR,motoric cognitive risk; CI. confidence interval; ROB, risk of bias; aOR, adjusted odds ratio; aHR, adjusted hazards ratio; HR, hazard ratio;

NR, not reported; CCMA, central control of mobility in aging; OSHPE, Obu study of health promotion for the elderly; NuAGE, Quebec longitudinal study on

nutrition and successful aging; EPIDOS, epidemiologie de l’Osteoporose.
aMCR prevalence is different to that reported in the study abstract as we calculated 88/651 had MCR (47 slowed walking, 41 slowed walking and slowed

five-times sit-to-stand).

in the other, so if it had been possible to include these in the meta-

analysis, they would have had a relatively small weighting and there-

fore, a minimal impact on the overall result.

MCR at baseline was reported to predict other health outcomes

on follow-up, but there were not enough different cohorts reporting

on the same outcomes to allow for meta-analysis. One study found

that MCR was a predictor of incident disability after 2.5 years (aHR

2.25 (1.39–3.67) P = .001).11 Disability was defined as a primary care

doctor–evaluated need for new long-term care insurance certification.

Another study, already included in our meta-analysis for falls at 1 year,

also reported on MCR as a predictor of recurrent falls, defined as two

ormore falls (aHR 1.46 [1.04–2.05], P= .030) and of post-falls hip frac-

tures (aHR 2.54 [1.78–3.63], P≤ .001).9
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2.3 Further discussion 

When interpreting the results presented in this Chapter’s published manuscript, it is 

important to consider possible cases of motor impairment that could contribute to 

heterogeneity in the MCR population. Individuals with progressive conditions such as 

Parkinson’s disease are likely to experience further gait speed decline in future, while 

individuals with temporary conditions, such as many musculoskeletal issues, are 

likely to experience gait speed improvement. Section 1.5 outlines several other 

factors, such as medications like opioids, and medical conditions that can contribute 

to a decline in gait speed.28,90 It is also important to consider the heterogeneous gait 

measurement methods that the included studies used when defining MCR. Gait 

speed was assessed using a stopwatch in most studies other than the three cohorts 

that used a computerised walkway.1,25,97 The measuring distance ranged from 2.4 to 

6 metres, and most cohorts measured usual walking speed, although two studies 

measured maximum walking speed.98,99 Slow gait was most commonly defined as ≥ 

one standard deviation slower than age- and sex-matched means in the population. 

One cohort classed as slow walkers all those walking less than 0.8 metres per 

second (or less than 0.66 metres per second if female less than 1.45 metres in 

height)100 and another cohort classed as slow walkers all those in the lowest 20th 

percentile of the cohort population.101 However, a 2019 study102 exploring which of 

the MCR criteria most predicted transition to dementia found that once participants 

met MCR criteria, gait velocity did not predict dementia, whereas the severity of 

subjective cognitive complaints did. This important finding should reassure readers of 

my systematic review and meta-analysis regarding the gait speed measurement 

heterogeneity of the included studies. Nevertheless, it reinforces the existing 

challenges with using the subjective cognitive complaint criterion, as discussed in 

detail in Section 1.5.  

Due to word limit restrictions on the published manuscript, I removed the details of 

my methods for assessing the certainty of the findings. I include these here for 

completeness and as a transparent record of my decision-making process. Our 

default starting position regarding certainty in the level of evidence was in keeping 

with the Cochrane guidance to generally regard evidence from sound observational 

studies as low quality.103 We modified the Grading of Recommendations 
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Assessment, Development and Evaluation (GRADE) considerations adapted for 

prognosis research as recommended by Huguet104 to assess the certainty of the 

body of evidence as it related to the studies included in the meta-analyses for each 

outcome. We evaluated the following seven areas:  

1. Phase of investigation: We considered as high-quality evidence any phase 3 

explanatory studies derived from custom-made cohort study designs that aimed 

to understand the pathway between MCR and the health outcome. We 

considered as moderate-quality evidence any phase 2 explanatory studies that 

aimed to confirm independent associations between MCR and the health 

outcome. We considered any phase 1 hypothesis generating explanatory studies 

that aim to identify associations between MCR and the health outcome as low-

quality evidence.  

2. Risk of bias: This judgement was based on our expanded Quality In Prognosis 

Studies (QUIPS) tool, as recommended by the Cochrane Prognosis Methods 

Group to assess ROB in prognostic factor studies.105 

3. Inconsistency: We downgraded the evidence if associations between MCR and 

the health outcome were markedly heterogeneous (i.e., the reported aHR/aRR 

fell either side of 1 on a forest plot or if the I2 statistic was substantial [i.e., 75% 

or more]).  

4. Imprecision: We downgraded the evidence if there were insufficient numbers in 

the meta-analysis or if the confidence intervals were wide. We determined that 

there was an adequate sample size using the Cochrane ‘rule of thumb’ (n = 

400).103 

5. Indirectness: We downgraded the evidence if the participant population, the 

MCR criteria used and/or the outcomes investigated did not fully match with our 

review question.  

6. Publication bias: We took the prudent default position of assuming that this 

prognosis research is affected by publication bias.104 Unless there was 

significant evidence to the contrary, such as a symmetrically distributed funnel 

plot of many cohorts, we downgraded the evidence.  

7. Effect size: We upgraded our confidence in the effect estimate if the effect size 

was moderate to large (e.g., aHR > 2.5).  
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2.4 Chapter conclusions 

This chapter lays the foundation for the thesis. The review and meta-analysis found 

that MCR is prognostic of cognitive impairment, dementia, falls, and increased 

mortality. It also found that, despite multiple approaches to examining the 

mechanisms underlying MCR, more research is required to identify shared biological 

underpinnings of MCR and dementia and to identify potentially modifiable risk factors 

for MCR.   

It is becoming clear that MCR has great potential as a clinical tool for stratifying 

individuals at high risk of these common causes of morbidity and mortality in older 

age. It is very quick, inexpensive, and easy to measure for MCR. As such, it could be 

an adjunct to the existing methods of identifying individuals at high risk of developing 

dementia, such as brain imaging and detailed cognitive assessments.  

I produced this systematic review and meta-analysis primarily to provide a foothold 

for this thesis. Yet, it has already been cited several times in MCR studies, 

demonstrating its contribution to the field.106–110 I hope that this work will continue to 

help researchers understand the current state of the literature and inspire more MCR 

research in future. Since its publication, I have published two studies that shed 

further light on the correlates of MCR,87,88 and I have published one analysis that 

meets this review’s search inclusion criteria.89 The analysis in question examines 

MCR as a predictor of dementia in LBC1936 using both Cox proportional hazards 

regression and competing risk regression modelling and is presented in Chapter 7. 

Other impactful studies that meet the review’s inclusion criteria have been published 

since the review’s search date.74,111–113 These studies' results align with my 

systematic review’s. They report that MCR at baseline increases incident dementia 

after 3.9 years follow-up (aHR 3.55, 95%CI 1.91 to 6.60)111 and 2.5 years follow-up 

(aHR 3.16 95%CI 1.11 to 8.95),74 future falls after 3 years follow-up (OR 1.52 95%CI 

1.09 to 2.13),113 and mortality after 8 years follow-up (aHR 2.53, 95%CI 1.28 to 

4.9).112 In due course, an update to my review and meta-analysis in the short to 

medium term may prove necessary. 
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3. Deriving Motoric Cognitive Risk in the Lothian Birth 

Cohort 1936 

3.1 Chapter introduction  

This chapter introduces the Lothian Birth Cohort 1936 (LBC1936), the cohort used 

for the empirical studies in this thesis. It outlines the value of this cohort for studying 

age-related cognitive changes in combination with physical function. It discusses the 

LBC1936 dataset limitations, along with the steps taken to overcome them. By 

detailing the process of deriving MCR, it explains important decisions I made along 

the way when choosing how to derive MCR. It comments on the various methods 

used to derive MCR in the literature. It describes the prevalence of MCR at various 

data collection waves, which vary depending on how MCR is derived. It discusses 

the usual gait speeds of the participants in the LBC1936. It also briefly outlines a 

proof-of-concept project I led during my PhD, measuring the gait speed of attendees 

at two conferences in Scotland. The chapter concludes by stressing the importance 

of a robust MCR measure for use in the remainder of the PhD.  

 

3.2 The Lothian Birth Cohort 1936  

The LBC1936 is a longitudinal cohort study that follows a group of people born in 

1936 as they age. By repeatedly assessing the same people over time, follow-up 

studies like the LBC1936 are a key tool for researchers to examine the ageing 

process and to investigate why some people get illnesses like dementia and others 

do not. On the 4th of June 1947, almost all children born in 1936 attending school in 

Scotland participated in the Scottish Mental Survey 1947 by completing the Moray 

House Test of general intelligence (N = 70,805).114 In 2004, LBC1936 testing began 

on 1,091 older adults from the Lothian area (which includes Edinburgh), most of 

whom had taken part in the Scottish Mental Survey 1947.115 Wave 1 of LBC1936 

was conducted between 2004 and 2007 when participants were approximately 70 

years old. Participants have been followed up every three years since, at mean ages 

72.5 years (n = 866), 76.3 years (n = 697), 79.3 years (n = 550) and 82 years (n = 

431). Surviving participants have recently completed Wave 6 and are now 

approximately 86 years old. A seventh wave is planned. As all participants were born 
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in 1936, the age standard deviation at each wave is small (SD < 1 year). All 

participants are white, and the sex split is approximately equal. Data are collected by 

a multidisciplinary team of psychologists, nurses, doctors, and radiographers across 

Edinburgh, Scotland. The LBC1936 is conducted according to all applicable ethical 

guidelines, and written consent is obtained from participants at each wave.116  

 

3.2.1 Value of LBC1936 for motor-cognitive research 

At each wave, many cognitive, psychosocial, lifestyle, medical, biomarker, genetic, 

brain imaging and other data are collected.82 This includes physical measures such 

as a timed gait test over six metres.82 Waves of data collection have been conducted 

during key ageing periods when the risk of onset of cognitive impairment and 

dementia increases.82 As such, the data are ideal for identifying risk and protective 

factors with the potential to be interventions to reduce cognitive loss in later life. 

Multiple waves of both physical and cognitive data add to the historically recorded 

and retrospectively recalled life course data, ensuring the LBC1936 can be used to 

examine the nature and determinants of ageing-related trajectories of physical and 

mental health.82 A further strength of the LBC1936 is the narrow age cohort. This 

ensures the variables measured closely reflect differential ageing and not 

chronological age, which can otherwise overwhelm the assessment variance and 

exaggerate effect sizes.82 Finally, a key strength of the LBC1936 is the medical 

health record linkage of participants from Wave 2 onwards. This enabled the 

dementia ascertainment work described in Chapter 6. It also opens avenues for 

ascertaining other health conditions in future.  

 

3.2.2 Limitations of the LBC1936 

To minimise loss to follow-up between waves, the LBC1936 researchers re-contact 

those unable to attend a wave due to a temporary illness and see them at a later, 

more appropriate time.82 Despite this, attrition in the LBC1936 is approximately 20% 

between waves. Although this attrition is substantial, it is within the limit of what is 

considered acceptable by international quality assessment bodies.117,118 The major 

causes of attrition to date have been death (up to 27% of non-attendees) and 

permanent withdrawal resulting from ill health and chronic incapacity (up to 67% of 
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non-attendees).82 Compared with those who remained in the LBC1936 study, 

participants who dropped out had: significantly lower older-age IQ scores, lower 

MMSE scores, lower socioeconomic status (less professional occupational types), 

and lower physical fitness (worse lung function and weaker grip strength).82 I have 

described these limitations in each publication and advised caution when 

generalising my findings to other populations.  

 

Since its inception, the LBC1936 has become world-renowned and widely used, not 

just in the field of cognitive ageing but in various high-impact research across many 

fields of epidemiology.82 At the most recent count (in 2021), over 500 peer-reviewed 

publications used LBC1936 data.119 

 

3.3 Deriving Motoric Cognitive Risk 

The first step for examining MCR in the LBC1936 was to derive the MCR phenotype. 

I gave considerable thought to this process to ensure that I had the best possible 

MCR measure for use in later studies. I coded the MCR phenotype using the R 

programming language.120 

 

3.3.1 Choosing MCR variables 

3.3.1.1 Subjective cognitive complaint 

There is no universally agreed definition of subjective cognitive complaint in the 

literature to date.121 A common method used in MCR studies is the memory item 

from the 15-item Geriatric Depression Scale,97–99,122–125 “Do you feel you have more 

problems with memory than most?” with a “Yes” response defined as a subjective 

memory complaint. Other approaches used the memory items from the eight-item 

informant interview (AD8),125 the Clinical Dementia Rating scale,125 the 15-item 

Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) questionnaire,1 

or any incorrect responses on the Short Portable Mental Status Questionnaire 

(SPMSQ).123,126,127 In other studies, a positive response from participants to a 

question such as “Is your memory worse than 10 years ago?” was sufficient.128 

There are advantages and challenges to having flexibility in the definition of 

subjective cognitive complaints and, consequently, in the definition of MCR. 
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Advantages include easier clinical utility (the question can be adapted to suit the 

situation and patient), an increased number and variety of cohorts in which MCR can 

be studied, and the ability to study MCR in different cultures and languages, which 

may have different ways of phrasing complaints. Challenges include an increased 

heterogeneity of MCR, making it more difficult to compare different studies’ effect 

sizes of MCR. Section 1.5 critiques MCR in detail. 

 

Table 2 presents three potential measures of subjective cognitive complaint in 

LBC1936, with different wave coverage for each. When deriving MCR in the 

LBC1936, I chose the subjective cognitive complaint measure with the most face 

validity, indicated by a “Yes” response to the question “Do you currently have any 

problems with your memory?”. This measure was called “memory problem”, and it 

was added to the LBC1936 specifically to capture subjective memory complaints.82 

However, since this question was first included at Wave 3, it necessitated the 

exclusion of participants who dropped out by that point, amounting to approximately 

37% of the overall LBC1936 participants. Although I could have chosen an 

alternative measure of subjective cognitive complaint from Wave 1 (the International 

Personality Item Pool item 28 [IPIP28] or Wave 2 (Warwick-Edinburgh Mental 

Wellbeing Scale [WEMWBS]), extensive consideration and discourse within my 

supervisory team led to the consensus that these measures did not adequately 

capture subjective cognitive complaints. Instead, they measured the personality trait 

conscientiousness129 and general well-being,130 respectively.  
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Table 2 Characteristics of the measures in LBC1936 considered for use for capturing 

subjective cognitive complaint when defining MCR 

Item Question Answer Original item 
purpose 

Wave coverage 
(MCR prevalence*) 

Memory 
problem 

 “Do you currently 
have any problems 
with your memory?” 

“Yes” Capture subjective 
memory 
complaints82 

Wave 3 (5.6%) 

Wave 4 (5.3%) 

Wave 5 (5.6%) 

IPIP28 “How accurate is the 
statement: I often 
forget to put things 
back in their proper 
place?” 

“Moderately” 
or “very 
accurate” 

Assess for 
conscientiousnes131 

Wave 1 (2.5%) 

Wave 2 (2.2%) 

Wave 3 (2.3%) 

Wave 4 (2.9%) 

Wave 5 (2.6%) 

WEMWBS "I've been thinking 
clearly". 

Any response 
other than “All 
of the time” 

A scale to capture a 
wide conception of 
well-being130 

Wave 2 (7.2%) 

Wave 3 (7.6%) 

Wave 4 (6.9%) 

Wave 5 (7.2%) 

Note: IPIP, International Personality Item Pool; WEMWBS, Warwick-Edinburgh 

Mental Wellbeing Scale. IPIP scale as a whole measures the Big-Five personality 

factors: extraversion, agreeableness, conscientiousness, emotional stability, and 

intellect.131 

*MCR prevalence when MCR derived using each measure 

 

To confirm my decision, I derived two alternative MCR concepts by swapping the 

subjective cognitive complaint variable from “memory problem” to “IPIP28” 

(MCRipip28) and “WEMWBS” (MCRwemwbs). I then substituted these two 

alternative MCR definitions in turn into my analyses on both MCR prevalence and 

predictors (Chapter 4), as well as the time-to-event analysis of the association of 

MCR with dementia (Chapter 7). There were no significantly associated risk factors 

identified for either of these MCR variants, and neither had any prognostic value for 

dementia. The IPIP and WEMWBS forms of subjective cognitive complaint were too 

general, lacking differential utility, and not in keeping with MCR as originally 

conceptualised.1 This vindicated my initial decision to utilise the “memory problem” 

variable, the subjective cognitive complaint measure with the greatest face validity, 

despite losing over one-third of the LBC1936 participants.   
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3.3.1.2 Slow gait speed 

Gait speed measurement in most cohorts in my systematic review was assessed 

using a stopwatch, other than the three that used a computerised walkway.1,25,97 The 

measuring distance ranged from 2.4 to 6 metres, and most cohorts measured a 

usual walking speed, except for two studies which measured a maximum walking 

speed.98,99 Slow gait was defined as one standard deviation or more below age- and 

sex-matched means in the population in all but two cohorts, one of which classed as 

slow walkers all those walking less than 0.8 metres per second (or less than 0.66 

metres per second if female less than 1.45 metres in height)100 and the other which 

classed as slow walkers all those in the lowest 20th percentile of the cohort 

population.101  

 

In the LBC1936, the time taken (in seconds) to walk 6 metres along a corridor at a 

usual pace was recorded with a stopwatch. Research nurses performed the walking 

test on the same day as participants completed cognitive testing.132 I converted this 

time to metres/per second. I defined slow gait as walking speed greater than or 

equal to one standard deviation (SD) slower than age‐ and sex-matched means of 

the cohort, in keeping with Verghese’s original conceptualisation of MCR.1 There is a 

paucity of literature on reference walking speeds for older adults in Scotland, so I 

expand on my findings in section 3.3.2.  

 

3.3.1.3 No diagnosis of dementia 

I derived MCR before my study ascertained robust dementia outcomes in the 

LBC1936 (Chapter 6). Therefore, when deriving MCR, I determined that participants 

were free from dementia if they did not self-report dementia and they scored at least 

24/30 on the Mini-Mental State Examination (MMSE).133 In Chapter 6, I detail the 

challenges with relying on self-report or proxy measures when determining health 

status. This is particularly problematic if dementia is the outcome measure of 

interest. However, my approach to determining dementia status for the purpose of 

deriving the MCR phenotype is typical to the field and an accepted approach when 

cohorts do not have clinical dementia cases identified.97,100,127,134  
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3.3.1.4 No significant functional impairment 

Preservation of independence in functional ability was determined by scores less 

than or equal to 1.5 SD above the mean on the Townsend Disability Scale overall 

score (a higher score indicates greater disability), as recommended in the 

literature.135–137  

 

In summary, the derived MCR variable was in keeping with that originally 

conceptualised by Verghese and similar to that most commonly reported in the 

literature. The key components of an objectively measured usual gait speed and a 

valid subjective cognitive complaint were present.  

 

3.3.2 Slow gait speed cut-offs  

A consequence of my work deriving MCR in the LBC1936 was that, for the first time 

in an older Scottish cohort, I determined slow gait speed cut-offs. This is not 

population representative, as they come from this specific cohort. Still, it is an initial 

step towards defining slow gait (one standard deviation slower than age- and sex-

matched means) in older Scottish adults. This is an important step towards making 

MCR a tool that can be used in clinics nationwide, as without age- and sex-matched 

reference ranges in a similar population, we cannot define slow gait using standard 

deviation from the mean.  

 

To advance this work further, I undertook a proof-of-concept project to measure the 

usual gait speed of attendees at two conferences on ageing that took place in 

Edinburgh in 2022, with the assistance of another researcher. I obtained ethical 

approval for this study from the School of Psychology, Philosophy and Language 

Sciences, University of Edinburgh. I measured out a 6-metre walkway, adding 1 

metre at the start to allow for initial acceleration and 1 metre at the end to allow for 

terminal deceleration (a total of 8 metres). My research partner and I instructed 

participants to walk at their normal comfortable speed. We timed (using a stopwatch) 

how long it took volunteers to walk (alone and undistracted) the 6-metre distance. 

The timed walk was repeated, and an average of the two durations was calculated 

and converted into metres per second (m/s). We measured gait speed in a total of 70 

participants at the two conferences. Figure 3 illustrates the participants’ data pooled 

43



 

into age and sex group categories as presented to the conference attendees at the 

end of the day. This rapid turnaround of results was in keeping with the theme of the 

conferences “to demonstrate research in action”. For context, I compared the 

average speed of conference attendees for each age and sex group to the global 

average as reported in a comprehensive meta-analysis of 23,111 participants.138 I 

found that for males and females in all age groups with data, the average usual 

walking speed was higher in this Scottish sample than the global average. The 

numbers in some groups were very small, and selection bias is highly likely as 

participants were attendees at health conferences. As such, I have avoided over-

interpreting these results. Furthermore, the very small number of participants over 70 

years of age from either sex makes an adequate comparison with the LCB1936 gait 

speed cut-offs impossible. This study was simply to prove the concept that 

measuring gait is quick and simple to do. I suspect that recruiting a population-

representative sample would be a much bigger obstacle to overcome for any future 

attempt to gather population reference speeds. Appendix 2 presents this project's 

ethics application and gait speed measurement protocol. I intend to submit our 

findings for publication as a short report in the coming months.  
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Figure 3 Average usual walking speed of attendees at two Scottish conferences 

compared with global averages.  

Note: a) Females; b) Males. Missing blue bars indicate no data for participants in that 

age group. 
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3.4 Chapter conclusion 

Deriving a robust measure of MCR was a critical step to allow for the empirical 

studies of this thesis. The process I used in the LBC1936 is in keeping with 

Verghese’s original conceptualisation of MCR and that of a growing body of 

research.1 With the support of my supervisors, I made considered decisions at each 

step of deriving MCR. As a side benefit of deriving MCR, I made small progress on 

determining slow gait cut-offs in a Scottish cohort. I also proved the feasibility of 

measuring gait speed quickly and easily by performing a brief gait-measuring project 

which I will submit for publication soon. 
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4. Prevalence and predictors of Motoric Cognitive Risk 

4.1 Chapter introduction 

This chapter presents the first empirical study of the thesis and employs the MCR 

measure derived in the LBC1936, as described in the previous chapter. The study 

described in this chapter had two main aims. First, to report on the prevalence and 

risk factors for MCR for the first time in a Scottish population. Second, to assess the 

overlap of MCR with MCI, Prefrailty, and Frailty.  

 

The most comprehensive multicountry prevalence analysis of MCR to date reported 

that MCR affects almost 1 in 10 older adults (9.7%; 95%CI 8.2% to 11.2%).25 

However, MCR prevalence rates in English and Irish cohorts were lower, at 2% 

(95%CI 0.1% to 5%) and 2.6% (95%CI 1.97% to 3.31%), respectively. This may 

have been largely due to age, as the average age in these cohorts was younger than 

in the multicountry analysis, and MCR rates generally increase with age.  

 

The LBC1936 is a cohort with a wealth of data on each participant. Much 

consideration was given to which covariates to include in our longitudinal analysis. 

Ultimately, an a priori decision was made based primarily on including available 

covariates which had been reported as associated with MCR in the literature. These 

are detailed in the published manuscript. In addition to confirming or rebutting 

previously associated risk factors for MCR, this was the first study to examine the 

association between childhood cognitive ability with MCR later in life. The LBC1936 

is notable in that participants took an intelligence test at age 11, as described in 

Chapter 3. Childhood intelligence has been inversely associated with multiple later 

life health outcomes, including the risk of frailty139 and dementia,140 as well as slower 

gait speed.141 Accordingly, I included childhood IQ as a covariate.  

 

Like MCR, the syndromes of Prefrailty, Frailty and MCI have been examined as 

precursors of dementia in the literature, so assessing the degree of overlap between 

these syndromes and MCR is important. Verghese’s early MCR work found that 

there is a limited degree of overlap between MCR and MCI,1 while more recent work 

found that a 41-point cumulative deficit frailty index increased the risk of incident 
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MCR.142 Ours was the first study to examine the overlap of MCR with Prefrailty and 

Frailty as defined by the Fried phenotype characterised as the presence of five 

components: weakness, slowness, exhaustion, low physical activity, and 

unintentional weight loss.76 The presence of one or two of these criteria indicated 

that an individual is Prefrail, whereas three or more indicated Frailty.76 Our study built 

on previous work performed in this cohort by utilising a recently derived MCI 

measure, which I co-authored,143 as well as Prefrailty and Frailty measures.144 

This first empirical study of the thesis was vital to understanding the significance of 

MCR in the LBC1936 and identifying the key correlates of MCR for further study 

during my PhD. This manuscript was published in International Journal of Geriatric 

Psychiatry.87 

4.2 Published manuscript 

Title: Prevalence and predictors of Motoric Cognitive Risk syndrome in a community-

dwelling older Scottish population 
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Abstract

Objectives: Motoric Cognitive Risk (MCR) is a gait‐based predementia syndrome

that is easy to measure and prognostic of dementia and falls. We aimed to examine

the prevalence and risk factors for MCR, and assess its overlap with Mild Cognitive

Impairment, Prefrailty, and Frailty, in a cohort of older Scottish adults without

dementia.

Methods: In this longitudinal prospective study, we classified 690 participants

(mean [SD] age 76.3 [0.8] years; wave 3) of the Lothian Birth Cohort 1936

(LBC1936) into non‐MCR or MCR groups. We examined their baseline (age 69.5

[0.8] years; wave 1) risk factors for MCR at waves 3, 4, and 5 (6, 9, and 12 years

later respectively).

Results: MCR prevalence rate ranged from 5.3% to 5.7% across the three waves.

The presence of MCR was associated with older baseline age (6 and 9 years later),

lower occupational socioeconomic status (6 years later), and worse scores in a range

of tests of executive function (6, 9 and 12 years later). Approximately 46% of the

MCR group also had Mild Cognitive Impairment, and almost everyone in the MCR

group had either Prefrailty or Frailty.

Conclusions: The prevalence of MCR in this Scottish cohort is lower than the pooled

global average, possibly reflecting the general good health of the LBC cohort.

However, it is higher than the prevalence in two neighbouring countries' cohorts,

which may reflect the younger average ages of those cohorts. Future LBC1936

research should assess the risk factors associated with MCR to validate previous

findings and analyse novel predictive factors, particularly socioeconomic status.

K E YWORD S

dementia, Frailty, Mild Cognitive Impairment, Motoric Cognitive Risk, slow gait, subjective

cognitive complaint
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Key points

� Motoric Cognitive Risk (MCR) is a gait‐based predementia syndrome that is quick, inex-

pensive, and practical to assess and diagnose, and it can identify individuals at high risk of

developing dementia.

� The prevalence of MCR in this older Scottish cohort ranged from 5.3% to 5.7% over three

follow‐up waves.

� Factors associated with MCR in this cohort include age, socioeconomic status and tests of

executive function.

� There is partial overlap between individuals with MCR and Mild Cognitive Impairment, but

almost all individuals with MCR also had either Prefrailty or Frailty.

1 | INTRODUCTION

Dementia is a leading cause of morbidity and mortality globally.1

Effective treatments for dementia remain elusive. There is a pressing

need to identify adults at high risk for dementia. This would enable

the implementation of risk‐modifying interventions based on life-

style, organising future care needs, and assisting with cohort

recruitment to trials. All of this could ultimately contribute to a

reduction in the prevalence of dementia.2 The Motoric Cognitive Risk

(MCR) syndrome is a high‐risk predementia state combining objec-

tive (measured) slow walking speed and subjective (self‐reported)
cognitive complaint in the absence of significant functional impair-

ment and dementia.3 Slow gait speed and subjective cognitive com-

plaints are some of the earliest reported findings in the pre‐clinical
stage of dementia, occurring approximately 10 years before de-

mentia diagnosis.4 MCR is a better predictor of dementia than its

individual components of slow gait or cognitive complaint alone.3,5

MCR is quick, inexpensive, and practical to assess and diagnose.

It does not require any expensive technology, specialised assessment,

invasive investigations, or brain imaging scans. Thus, MCR could be

useful in low‐ and middle‐income countries, where currently two‐
thirds of the global population with dementia reside,1 while also

having the potential to be an adjunct to memory services referrals in

more economically developed countries.

MCR is a recently defined construct, first appearing in the litera-

ture in 2013.3 As such, and despite a growing body of literature on

MCR, it is important to determine its prevalence andassociated factors

in diverse global populations. To date, prevalence rates range from

1.7%6 (Australia) to 27% (India).7 Generally, higher‐income countries
have lower prevalence rates of MCR, although how the MCR criteria

are operationalised across studies also affects rates.8 An increasing

body of work supports the prognostic utility of MCR. A 2022 system-

atic review and meta‐analysis showed that, compared to individuals

without MCR, individuals with MCR are at over twice the risk of

developing dementia after 4.3 years of follow‐up.9 It also reported that
theMCR groupwere 76%more likely to develop cognitive impairment

and that MCR is prognostic of future falls and earlier mortality.9

This is the first study to derive MCR in a Scottish cohort and

determine its prevalence. In doing so, it is the first study to report on

slow gait cut‐scores in this population. We assess for risk factors

which have previously been associated with MCR8,10,11 except for

early life IQ, which has not been tested until now. Another novelty is

that this study explores the overlap between MCR and the other

high‐risk predementia states of Mild Cognitive Impairment (MCI),

Prefrailty, and the Fried Frailty phenotype. Recent work found that a

41‐point cumulative deficit frailty index increased the risk of incident
MCR.12 By evaluating the overlap of MCR with the Fried Frailty

phenotype and the earlier state of Prefrailty, we hope to clarify the

degree of cross‐over between these related states, highlighting areas
of convergence and divergence.

This study aims to determine the prevalence of MCR syndrome,

describe associated risk factors, and assess its overlap with MCI,

Prefrailty, and Frailty, in a cohort of older Scottish adults.

2 | METHODS

2.1 | Study design

This longitudinal prospective study used data from the Lothian Birth

Cohort 1936 (LBC1936), which has been described in detail else-

where.13,14 In summary, participants living in the Lothian region of

Scotland (which includes Edinburgh), most of whom had completed

an intelligence test aged 11 years, were recruited in 2004, at mean

age 69.5 years (N = 1091). They have been followed up every 3 years

since, at mean ages 72.5 years (n = 866), 76.3 years (n = 697),

79.3 years (n = 550) and 82 years (n = 431). All participants are

white, and the sex split is approximately equal. At each wave, par-

ticipants undergo interviews, questionnaires, blood tests and physical

measures, including a timed gait test over 6 m. LBC1936 is conducted

according to all applicable ethical guidelines. Written consent is ob-

tained from participants at each wave.14

2.2 | Participants and study size

For our analysis, we excluded participants with dementia and those

missing data required to derive the MCR phenotype. We describe

sample selection with reasons for dropout and exclusion given, where

known, in Figure 1.

2 - MULLIN ET AL.
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3 | IDENTIFICATION OF MCR

MCR is defined as the presence of subjective cognitive complaints

and objective slow gait in older individuals without dementia or

significant functional disability.3 To be classified in the MCR category,

participants had to meet all four criteria reported below:

1. Slow gait as defined by walking speed greater than or equal to 1

standard deviation (SD) slower than age‐ and sex‐matched means.
The time taken (in seconds) to walk 6 m along a corridor was

recorded with a stopwatch.3

2. Self‐reported cognitive complaint: answering “yes” to the ques-

tion “do you currently have any problems with your memory?”

3. No diagnosis of dementia: does not self‐report a diagnosis of

dementia and scores at least 24/30 on the Mini‐Mental State

Examination (MMSE).15

4. Preservation of independence in functional abilities: less than or

equal to 1.5 SD above the mean on the Townsend Disability Scale

overall score (a higher score indicates greater disability).16

We derived MCR from wave 3 (age 76) onwards, as the variables

measuring these criteria were first identified at wave 3.

3.1 | Covariates

We examined the association between the following baseline (age

69.5 [0.8] years) covariates and MCR status at waves 3, 4, and 5: age,

sex, years of education, socioeconomic status, age 11 intelligence

quotient (IQ; derived from the Moray House Test), marital status,

body mass index (BMI), self‐reported smoking status (current/ex/

never), self‐reported alcohol intake (units per week), depression and

F I GUR E 1 Flow chart of sample selection

MULLIN ET AL. - 3
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anxiety symptoms (Hospital Anxiety and Depression Scale), self‐
reported history of cardiovascular disease, and stroke. Other phys-

ical measures included forced expiratory volume in 1 s (FEV1), which

is a measure of lung capacity, and grip strength (combined average of

left and right). We also compared levels of blood C‐reactive protein
(CRP), a non‐specific measure of inflammation, between non‐MCR

and MCR groups. All of these covariates were selected a priori as

they were previously associated with MCR8,10,11 except for age 11

IQ, which was never tested. Higher childhood intelligence has pre-

viously been associated with faster gait and less subjective cognitive

complaints in mid‐ to later‐life.17 See Supplementary Table 1 for

more details on how these variables were measured or derived.

3.2 | MCR overlap with MCI and Frailty levels

MCI (present/absent)18 and physical Frailty level according to Fried

phenotype (Frail/Prefrail/not frail)19 have been derived in the

LBC1936, as detailed in Supplementary Table 1. We explored the

overlap of these phenotypes with MCR within each wave of

the LBC1936 dataset. As slow gait speed is common to MCR and

Prefrailty/Frailty, we examined the proportion of those with Pre-

frailty/Frailty who were slow walkers as per MCR slow gait criterion

(≥1 SD below age‐ and sex‐matched mean).

3.3 | Statistical methods

We used descriptive analyses including the number and percentages

of people with MCR to characterise the study sample. We summar-

ised the participants' characteristics using means and SD or fre-

quencies and percentages, as appropriate.

We classified participants into two groups: non‐MCR and MCR.

These groups were compared using χ2 tests with a continuity

correction for categorical variables. For continuous explanatory

variables, we performed an F‐test (ANOVA) by default. We per-

formed a Kruskal‐Wallis test when variables were considered non‐
parametric, except in cases where Fisher's exact test was more

appropriate (i.e., when expected counts were less than five).20 p‐
values less than 0.05 were considered statistically significant. Since

all covariates were of substantive interest a priori, no adjustment for

multiple comparisons was incorporated into the analysis.21–23 All

statistical analyses were conducted in R version 4.0.2.24

3.4 | Subgroup analysis

Common to most prospective longitudinal studies of ageing,

LBC1936 is susceptible to sampling bias through attrition.13

Compared to individuals who remained in the study, those who

dropped out at each wave had lower age‐11 IQ scores, lower Mini‐
Mental State Examination (MMSE) scores, lower socioeconomic

class, and poorer physical fitness.13 To account for this, we

performed a subgroup analysis of the MCR prevalence rates and

covariates for those who withdrew compared to those who remained

in the study.

3.5 | Missing data

We compared the distribution of all variables with missing data

amongst MCR and non‐MCR groups. The LBC1936 researchers try to

maintain a low loss to follow‐up rate at each wave by re‐contacting
those unable to attend a wave due to a temporary illness and

seeing them at a later, more appropriate time where possible.14

4 | RESULTS

Figure 1 illustrates the flow of our sample participants. We excluded

three participants who had been diagnosed with dementia by the

LBC1936 study doctor before wave 3. The variables necessary for

deriving MCR were measured in LBC1936 from wave 3 onwards.

Participants missing data in any of the necessary MCR criteria were

excluded from analyses at wave 3 (n = 4), wave 4 (n = 4), and wave 5

(n = 3). Accordingly, MCR status was coded for 690 participants at

wave 3 (48.0% female, mean age 76.3 years), 543 participants at

wave 4 (49.7% female, mean age 79.3 years), and 425 participants at

wave 5 (51.1% female, mean age 82 years). Loss to follow‐up in

LBC1936 was approximately 20% after each wave. The main reasons

for attrition were death, chronic incapacity, and permanent with-

drawal.14 The participation rate of eligible persons was over 99% at

each wave.

4.1 | MCR prevalence

MCR prevalence was very similar across waves at 5.7% (95% CI 4.0–

7.6; n = 39/690) at wave 3, 5.3% (95% CI 3.6–7.5; n = 29/543) at

wave 4%, and 5.4% (95% CI 3.6–8.2; n = 23/425) at wave 5. The

mean prevalence of MCR was 5.5% (95% CI 4.5–6.7) across three

waves with participants aged from 74 to 83 years old. We performed

a sensitivity analysis of the MCR prevalence for those who withdrew

by wave 5 (‘withdrawers’; n = 398) compared to those who remained

in the study throughout (n = 425). MCR prevalence was higher

overall amongst withdrawers at 8.6% (95% CI 5.1–11.6; n = 23/269)

at wave 3% and 11% (95% CI 5.5–16.1; n = 14/127) at wave 4.

The gait speed cut‐offs by age and sex used to define MCR are

presented in Table 1. These cut‐offs were established using data from
waves 3, 4, and 5, as these were when MCR was derived.

4.2 | Baseline covariate differences

Baseline covariate differences of the participants according to MCR

status at wave 3 (6 years follow‐up), wave 4 (9 years follow‐up) and

4 - MULLIN ET AL.
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wave 5 (12 years follow‐up) are presented in Table 2. Older age was
significantly associated with having MCR at waves 3 and 4, but not

wave 5, despite the narrow age range of LBC1936 participants (SD

0.8 years). Sex, years of education, and age 11 IQ were not signifi-

cantly associated at any wave. Lower socioeconomic status (defined

by manual occupation) was significantly associated with MCR at wave

3. At all waves, poorer scores in one or more of the following tests of

executive function were significantly associated with MCR compared

to non‐MCR: verbal fluency (wave 3), digit‐symbol test (waves 3, 4
and 5), four‐choice reaction time (wave 3), and block design (wave 5).
The physical measures of FEV1 and average grip strength were

significantly associated with MCR outcome at wave 4. BMI, anxiety,

and depression symptoms were significantly associated with MCR at

wave 5. No further covariate associations were found. There was no

significant difference in missing data for any of the variables between

MCR and non‐MCR groups.

4.3 | Subgroup analysis

We performed a sensitivity analysis of the same baseline covariate

differences according to MCR status of withdrawers before wave 4

(Supplementary Table 2) and wave 5 (Supplementary Table 3) to

assess for selection bias due to attrition. We used an identical sta-

tistical approach as for the main analysis. Only verbal fluency at wave

3 (p = 0.015) and FEV1 (p = 0.0079) at wave 4 differed significantly

between the non‐MCR and MCR groups.

4.4 | MCR, MCI and Frailty level overlap

The overlap between MCR, MCI, Prefrailty, and Frailty is presented

in Figure 2. MCI was derived at waves 3, 4 and 5 but Frailty level

was only derived at waves 4 and 5 due to the unavailability of

necessary variables at wave 3.19 As a proportion of those partici-

pants with either MCR or MCI, the overlap between MCR and MCI

is remarkably consistent across each wave—10.6% at wave 3, 11.6%

at wave 4%, and 10.4% at wave 5, averaging 10.9% (95% CI 7.4–

15.2) across all three waves. Of those participants with MCR,

overlap with MCI is 39.3% at wave 3, 52.6% at wave 4%, and 50%

at wave 5, averaging 46% (95% CI 33.4–59.1) across all three

waves. Only one participant with MCR does not have either Pre-

frailty or Frailty at waves 4 and 5. The proportion of individuals

with Prefrailty or Frailty who met the MCR definition of slow

walking was 15.9% (42/264; Prefrail at wave 4), 12.6% (27/214;

Prefrail at wave 5), 57.6% (38/66; Frail at wave 4), and 54.1% (33/

61; Frail at wave 5).

5 | DISCUSSION

5.1 | MCR prevalence

In this cohort of older Scottish adults, we have determined the

prevalence of MCR syndrome, described associated risk factors and

assessed its overlap with Mild Cognitive Impairment, Prefrailty, and

Frailty. The prevalence of MCR averaged 5.5% (95% CI 4.5–6.7) over

three waves with participants aged from 74 to 83 years old. There

was no significant difference between men and women. This preva-

lence is lower than the 9.7% pooled rate of 22 cohorts from 17

countries, mean age 73.6 years (�8.2).5 This may be partly explained

by attrition bias, as the MCR prevalence of withdrawers at waves 3

and 4 is higher than completers. Interestingly though, two studies of

our closest neighbours, The English Longitudinal Study of Ageing5

and The Irish Longitudinal Study on Ageing25 reported rates of 2%

and 2.6% respectively. LBC1936 MCR prevalence may be higher than

those of the English and Irish cohorts due to the older average age of

the LBC1936 participants and the accompanying increased rates of

cognitive complaints.

The gait speed cut‐offs in our study were higher in men than

women, and lower with older age, in keeping with the literature.26

Our gait speed cut‐offs were higher than most reported in other

studies of MCR for each age‐ and sex‐matched group.3,6,27 In fact, the
slow gait cut‐offs in LBC1936 were similar to the mean usual gait

speeds for similar groupings in a comprehensive meta‐analysis of

usual gait speeds of 23,111 individuals from 12 countries.26 This

could indicate that the average usual walking speed is quite fast in

Scotland but more likely reflects the level of health in LBC1936

participants. Without published national reference age‐ and sex‐
matched gait speeds, it is difficult to be sure.

5.2 | Baseline covariate differences

Interestingly, despite the narrow age range of LBC1936 participants,

we noted a significant association between older age and the pres-

ence of MCR in two of the three waves. This mixed picture is in

keeping with a recent meta‐analysis of factors associated with MCR,

which found that the majority but not all of the 22 studies reported

age as an associated factor for the presence of MCR.10

Lower socioeconomic status, as defined by having had a manual

occupation, was associated with having MCR later in life. Individuals

TAB L E 1 Gait speed cut‐offs by age and sex in this cohort for
defining Motoric Cognitive Risk

Age range (mean), years Wave

Gait speed (m/s)

Male Female

74.6–77.7 (76.2) 3 1.07 1.00

77.7–80.9 (79.3) 4 0.97 0.90

80.9–83.1 (82.0) 5 0.96 0.83

Note: Gait speed (m/s) values at or below the cut‐off scores (≥1
standard deviation below age‐ and sex‐matched means) were used to

define slow gait. MCR was first derived at wave 3.
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who are more physically active while working in a manual job should

experience less gait speed slowing in later life and thus a reduced

likelihood of having MCR.28 However, it is possible that the less

cognitively demanding nature of manual work overrides any pro-

tective effects of being more physically active at work,29 resulting in

a net increase in MCR prevalence in individuals with lower socio-

economic status.

It is perhaps unsurprising that MCR was consistently associ-

ated with poorer scores in tests of executive function across the

three waves as slow gait speed has been repeatedly associated

with these tests in the literature.30 One hypothesis is that walking

requires significant top‐down coordination and planning as well as

attention and response inhibition, particularly when walking in an

unfamiliar environment.30 Indeed, imaging studies have shown that

the brain areas most responsible for executive function tasks are

often more damaged in the MCR group than in the non‐MCR

group.7,31,32 In particular, the digit symbol test was the only co-

variate to remain significant across all three waves (wave 3

p = 0.0002, wave 4 p = 0.0041, wave 5 p = 0.0448), highlighting it

as an especially sensitive marker of MCR. The digit symbol test, a

subtest from the Wechsler Adult Intelligence Scale‐III UK,33 pre-

dominantly assesses processing speed. An age‐related reduction in

processing speed has long been recognised as the most commonly

affected cognitive ability with ageing34 and a leading indicator of

changes in memory in older adults.34,35 Decreased processing

speed may increase the likelihood of experiencing subjective

cognitive problems, and thus MCR diagnosis. In the digit symbol

test, the participant enters a symbol according to a given number‐
symbol code, completing as many as possible in 2 min. A higher

score indicates a better performance. This test has been previously

found to serve as a biomarker of risk of clinical disorders of

cognition and mobility.36

This is the first study to examine the association between

early‐life intelligence test score and MCR status later in life. There

was no significant relationship found. This is an important finding

as it does not support previous work detailing an association be-

tween lower early life intelligence scores and slower gait and

poorer cognitive performance.17 Consistent with the literature,

alcohol consumption was also not significantly associated with

MCR status.8,10,11 More surprisingly, however, were the findings

that years of education, stroke, and cardiovascular disease were

not associated with MCR status. These covariates have generally

been associated with MCR, even in cohorts with similarly high

education levels as LBC1936.8,10,11,25 The lack of association be-

tween MCR and BMI, depression, and anxiety at waves 3 and 4, or

grip strength at waves 3 and 5 could be due to a combination of

small effect sizes and our relatively small study size. This idea is

supported by our effect sizes which, although not significant, are

generally in the same direction as larger studies.8,10,11 Additionally,

this variation may be because the LBC1936 cohort consists of

participants from an affluent area of Scotland who volunteered to

take part, and the average years of education, as well as general

physical fitness, is notably higher than the general population.13,14T
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This healthy volunteer bias is common to longitudinal studies of

ageing and should be considered when deciding how generalisable

our findings are to the clinical population.

5.3 | Overlap of MCR, MCI, Prefrailty and Frailty

The limited degree of overlap between MCR and MCI in our study

shows that these two concepts, although derived using similar

criteria and thus sharing some participants, also capture different

cohorts of people. Many participants with MCI do not have MCR.

This may be partly because gait speed slows as early as 10 years

before the diagnosis of MCI and some literature suggests that slow

gait may precede declines in cognitive function tests.37 A recent

study comparing MCR and MCI found many shared risk factors but

also noted that differences in gender, hypercholesterolaemia, BMI,

and cerebral white matter volumes indicate different pathophysio-

logical substrates.38 This study also reported that MCR captured

early features of dementia in the absence of MCI.38

This is the first study to explore the overlap of MCR and Frailty

according to Fried phenotype (characterised as the presence of five

components: weakness, slowness, exhaustion, low physical activity,

and unintentional weight loss).39 Given the degree of overlap found,

it is surprising that individual characteristics of Frailty, such as grip

strength and BMI were not significantly different between the MCR

and non‐MCR groups at all waves. The overlap must be largely

explained by the other frailty criteria. Over half of the individuals

classed as Frail were slow walkers by MCR standards. We used the

standard MCR approach to define slow gait speed as ≥1SD (i.e.,

15.1%) slower than the age‐ and sex‐matched mean. When calcu-

lating the Fried Frailty phenotype in LBC1936, slow gait was defined

using a method typical of frailty papers—“the slowest sex‐ and

height‐adjusted 20% of the distribution.”19 This distinction may

explain some of the differences between the MCR group and slow‐
walking Frail/Prefrail individuals. The more stringent MCR slow gait

definition partly explains the relatively high slow gait cut‐offs despite
a high prevalence of Frailty and Prefrailty in the sample.

5.4 | Implications

Our findings have several implications. First, if the association be-

tween MCR and lower socioeconomic status reflects a causal link,

policy measures which target socioeconomic inequality during peo-

ple's working life might reduce the numbers of individuals tran-

sitioning to MCR and then to dementia. Second, our findings

regarding the overlap between MCR and MCI reinforce previous

research which determined that we should view MCR as comple-

mentary to MCI rather than replacing it.3 Assessing for both pro-

dromes is likely to yield more people at high risk of developing

dementia.3 Third, the decision as to whether MCR, MCI, Prefrailty, or

Frailty is more clinically useful will ultimately be determined by

balancing the cost, effort and time taken to measure each prodrome

with the prognostic value for the outcome in question.

Our data had limitations in addition to those already discussed.

On the one hand, our sensitivity analysis comparing the baseline

covariates differences according to the MCR status of withdrawers

before wave 4 and wave 5 was reassuring as there were very few

significant differences. However, the withdrawal rate for individuals

with MCR was significantly higher than for those without MCR, indi-

cating likely selection bias due to attrition. Attrition from ill‐health or
mortality is a common and often unavoidable bias of longitudinal

studies of ageing. Despite attempts to minimise attrition by resched-

uling wave appointments for individuals unable to attend due to

illness, the attrition rate between waves in the LBC1936 is approxi-

mately 20%. This is at the upper limit of what is considered acceptable

by international quality assessment groups.40 Finally, our small sample

size means a replication study in a larger cohort, or a cohort with a

higher prevalence of MCR, would increase confidence in our findings.

6 | CONCLUSION

Prevalence rates of MCR in this Scottish cohort are lower than the

global average but higher than in neighbouring countries. Future

Lothian Birth Cohort 1936 research should assess the risk factors

F I GUR E 2 The overlap between Motoric
Cognitive Risk (MCR), Mild Cognitive

Impairment (MCI) and Frailty level in the
LBC1936 cohort. Top, MCR and MCI overlap
at waves 3, 4 and 5. Bottom, MCR, MCI, Frailty

and Prefrailty overlap at waves 4 and 5. Frailty
and Prefrailty were not measured at wave 3
due to lack of necessary variables. By
definition, participants cannot be classed as

Frail and Prefrail simultaneously
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associated with MCR to validate previous findings and analyse novel

predictive factors. Work exploring the association between socio-

economic status and MCR could help address the disparities in health

care and health outcomes in the United Kingdom. Examining the

prognostic value of MCR as a predictor of cognitive decline, specif-

ically executive function, in LBC1936 is a vital avenue to explore. Our

study can serve as a foundation for future studies to improve de-

mentia risk assessments and potentially develop new interventions to

reduce incident dementia.
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4.3 Chapter conclusions 

I found that the prevalence of MCR averaged 5.5% (95% CI 4.5–6.7) over three 

waves with participants aged from 74 to 83 years old. This is lower than the pooled 

rate of 9.7% (95%CI 8.2% to 11.2%) from Verghese’s meta-analysis of 22 cohorts 

from 17 countries with a mean age of 73.6 years.25 Further analysis of withdrawers 

and completers suggests that our results may be partly explained by attrition bias, as 

the MCR prevalence of participants who subsequently withdraw from the LBC1936 is 

higher than completers. 

Interestingly, the slow gait speed cut-offs in our study – derived from a six metre 

walk test, with slow gait defined as walking speed ≥1 SD slower than age- and sex-

matched means – were higher than most reported studies of MCR,1,25,30 and were, in 

fact, more in line with the usual gait speed averages for similar age- and sex-

matched groups.138 Without published national reference age- and sex-matched 

walking speeds, it is difficult to be sure if this reflects a faster-than-average walking 

speed in Scotland or reflects cohort effects in LBC1936, such as healthy participant 

bias. Further work of the type I described in Section 3.3.2 to determine the average 

usual walking speeds in the Scottish population is needed.  

Surprisingly, the study revealed that there was no association between MCR status 

and years of education, stroke, or cardiovascular disease. In previous studies, these 

factors have typically been linked to MCR, even among groups with comparable 

education levels to the LBC1936 cohort.55,56,145,146 The absence of a correlation 

between MCR and BMI, depression, anxiety, or grip strength in waves 3 and 4 could 

be due to the relatively small size of the study and the small effect sizes. The effect 

directions were generally consistent with those of larger studies, even though they 

were not statistically significant.55,56,145 A limitation of the LBC1936 data possibly 

contributing to this variation is that cohort participants have better overall physical 

fitness on average than those of the general population.82,116 

One of the most interesting findings from this study was that low socioeconomic 

status, as defined by having had a manual occupation earlier in life, was strongly 
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associated with having MCR later in life. It is possible that, on average, manual 

labour is less intellectually demanding and, therefore, less protective of cognition 

later in life,147 resulting in a net increase in MCR prevalence in individuals with lower 

socioeconomic status. Additionally, manual labourers are more likely to suffer acute 

and chronic injuries that could affect gait speed148 and thus increase the likelihood of 

MCR later in life. A deeper exploration of the relationship between MCR and the 

novel risk factor of lower socioeconomic status could help address the disparities in 

health outcomes in the United Kingdom. This was the focus of the publication in 

Chapter 5.  
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5. Socioeconomic status as a predictor of Motoric

Cognitive Risk

5.1 Chapter introduction 

This chapter presents the second empirical study of the thesis and builds on our 

finding that socioeconomic status is associated with MCR, as described in the 

previous chapter. This study explored this association in detail, defining 

socioeconomic status by occupational social class and years of education.  

Low socioeconomic status is a powerful predictor of ill health.149 The 2020 Lancet 

Commission on dementia emphasised that modifiable risk factors for dementia often 

have social origins.4 Individuals with a history of low socioeconomic status during 

early and mid-life have a higher risk of dementia in later life.149,150 This difference 

persists even in the oldest-old age group.149,150 

Socioeconomic status is a multifaceted concept and researchers have used various 

proxies to capture it such as education level, social class, income, and occupation. 

These have all been associated with adverse late-life health outcomes, with only 

minor differences in effect sizes.151 However, a 12-year follow-up study in England 

showed that lower wealth in late life, but not education, was associated with an 

increased risk of dementia, with no significant differences identified regarding area-

based neighbourhood deprivation.152 Therefore, I considered both years of education 

and occupational social class in analysing the role of socioeconomic status in MCR 

to better understand the underlying mechanisms.  

In Chapter 3, I described important factors in my decision-making when choosing 

variables to include when deriving MCR. Again, this issue is crucial in this current 

chapter, particularly when defining socioeconomic status. A major learning point for 

me during this process was that, despite major efforts to be as objective as possible, 

the iterative nature of research necessitates judgement calls to reach decisions 

based on imperfect information. This is especially true when analysing pre-existing 

data. For example, the LBC1936 contains another measure of socioeconomic 

deprivation, the Scottish Index of Multiple Deprivation 2020 (SIMD), which I 
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considered using. This index examines deprivation across seven domains: income, 

employment, education, health, access to services, crime, and housing. In LBC1936, 

the small geographical areas are categorised into one of eight groups based on their 

SIMD rank, with group one being the most deprived and group eight being the least 

deprived. Unsurprisingly, the manual occupation group has a significantly lower 

mean SIMD group 5.1 (SD 0.2), than the non-manual occupation group mean 

6.6 (SD 0.2), p <0.001. I did not include the SIMD in the model as it is highly 

correlated (0.73) with the occupational social class measure of socioeconomic status 

but with less clinical relevance. Furthermore, individual households within each 

SIMD group can have markedly different socioeconomic statuses (occupations, 

incomes, housing, and education levels), but are grouped together based on 

geographical proximity. As such, the SIMD is more useful for wider context 

population-level research rather than my aim of analysing individual-level risk 

prediction for incident MCR. When facing difficult research decisions with multiple 

potential ‘correct’ choices, a key factor for me is that my decisions are logical, 

transparent, considered, and can stand up to scrutiny. As such, I explain in detail in 

the paper my rationale for operationalising low socioeconomic status in the manner I 

have.  

This second empirical study of the thesis examines the longitudinal association 

between socioeconomic status, as determined by the highest education and 

occupational social class during working age, and MCR in later life (aged 76+ years). 

It was published in European Journal of Neurology.88 

5.2 Published manuscript 

Socioeconomic status as a risk factor for motoric cognitive risk syndrome in a 

community-dwelling population 
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Abstract
Background: Motoric cognitive risk (MCR) is a syndrome characterised by measured 
slow gait speed and self- reported cognitive complaints. MCR is a high- risk state for ad-
verse health outcomes in older adults, particularly cognitive impairment and dementia. 
Previous studies have identified risk factors for MCR, but the effect of socioeconomic 
status has, to date, been insufficiently examined. This study explored the association 
between MCR and socioeconomic status, as determined by occupational social class and 
years of education.
Methods: Some 692 community- based adults of the Lothian Birth Cohort 1936 (LBC1936), 
aged 70 years at baseline, were followed up after 6 years and classified into non- MCR and 
MCR groups. We applied logistic regression analyses adjusting for demographic, lifestyle, 
and health covariates to investigate the association between MCR and years of education 
and occupational social class, categorised into manual versus non- manual occupations.
Results: MCR prevalence at age 76 years was 5.6% (95% CI 4.0– 7.6). After multivariate ad-
justment, participants of lower socioeconomic status (manual occupation) had a greater 
than three- fold increased likelihood of MCR (adjusted odds ratio 3.55, 95% CI 1.46– 8.74; 
p = 0.005) compared with those of higher socioeconomic status (non- manual occupation).
Conclusions: Working in a manual job earlier in life triples the risk of MCR later in life, 
regardless of education. Unravelling this association will likely reveal important patho-
physiological mechanisms underlying MCR and may unearth modifiable risk factors which 
could be targeted to reduce the incidence of MCR and, ultimately, dementia. Policy and 
healthcare practice addressing dementia risks such as MCR in their social context and 
early in the lifecourse could be effective strategies for reducing health inequalities in 
older age.

K E Y W O R D S
dementia prediction, dementia risk, motoric cognitive risk, occupation, slow gait, slow walking, 
socioeconomic status, subjective cognitive complaint
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INTRODUC TION

Dementia is a major global public health concern. Much research 
now focuses on identifying the early predementia stages when 
intervention may be most effective [1]. Slow gait speed and sub-
jective cognitive complaints are among the earliest reported find-
ings in the preclinical stage of dementia, occurring approximately 
10 years before dementia diagnosis [2]. Motoric cognitive risk (MCR) 
is a predementia syndrome defined as objective (measured) slow 
walking speed and subjective (self- reported) cognitive complaint in 
the absence of significant functional impairment and dementia [3]. 
First defined by Verghese in 2013 [4], MCR demonstrates prognos-
tic value as a high- risk state for developing dementia [5– 8]. MCR is 
a quick, inexpensive, and easy- to- measure clinical construct that 
can reliably identify individuals at high risk for dementia, but its 
mechanisms are not yet fully understood. Effective dementia treat-
ments remain elusive. Identifying high- risk individuals would allow 
for addressing modifiable risk factors and organising future care. 
It would also assist research trials with cohort recruitment and ul-
timately contribute to a reduction in the prevalence of dementia. 
Even a small decrease in dementia prevalence, or delaying the age 
of onset, would significantly impact the huge associated public 
health costs [9, 10].

Having a low socioeconomic status is a powerful predictor of 
ill health [11]. Early-  and mid- life low socioeconomic status has 
been associated with an increased risk of dementia in later life (ad-
justed hazard ratio [aHR] 1.45, 95% confidence interval [CI] 1.15– 
1.83), and this difference persists to the oldest- old ages [11, 12]. 
The 2020 Lancet Commission on dementia highlighted many risk 
factors that are, at their core, primarily of social origin [13]. Our 
recent study of MCR showed that socioeconomic status, as de-
fined by occupational social class, was lower for individuals with 
MCR [14].

Researchers have operationalised socioeconomic status in var-
ious ways, most commonly as education level, social class, income, 
or occupation [15]. A Swedish study examining the relative impor-
tance of these different socioeconomic indicators found that each 
measure is associated with late- life health, with only minor differ-
ences in the effect sizes [15]. However, a 12- year follow- up study in 
England found that lower wealth in late life, but not education, was 
associated with increased risk for dementia and that no substantive 
differences were identified concerning area- based neighbourhood 
deprivation [16]. Hence, we include both education and occupation 
class in the present study. By examining the role of socioeconomic 
status in MCR we can better understand the mechanisms of MCR. 
If low socioeconomic status contributes to MCR, individuals of low 
socioeconomic status could be supported to reduce their demen-
tia risk. This study explores the longitudinal association between 
socioeconomic status, as determined by highest education and oc-
cupational social class during working age, with MCR later in life 
(aged 76+ years).

METHODS

Setting and sample size

This longitudinal prospective study used baseline socioeconomic 
status data and 6- year follow- up data (wave 3) from the Lothian 
Birth Cohort 1936 (LBC1936). The LBC1936 has been profiled in de-
tail elsewhere [17, 18]. In summary, between 2004 and 2007, 1091 
Scottish adults born in 1936 were recruited for baseline interviews, 
cognitive tests, questionnaires, blood tests, and physical measures 
(mean age of 69.5 years [SD = 0.8]) [17, 18]. There is an almost equal 
sex split; all participants are white. These participants have been re-
assessed approximately every 3 years since. Wave 6 is ongoing at 
the time of writing, and a seventh wave is planned. To minimise loss 
to follow- up between waves, the LBC1936 researchers re- contact 
those unable to attend a wave due to a temporary illness and see 
them at a later, more appropriate time [19]. Figure 1 illustrates sam-
ple selection and reasons for dropout and exclusion.

We used data from wave 3, when participants had a mean age 
of 76.3 years (n = 696), for our MCR and covariates data, as this was 
the first and largest wave to measure all the criteria necessary for 
deriving MCR. We excluded participants with dementia and those 
missing data in any MCR criteria.

Outcome measure— MCR

We used the original MCR definition of subjective cognitive com-
plaints and objective slow gait in older individuals without signifi-
cant functional disability or dementia [4]. We defined slow gait using 
the typical approach for MCR of walking speed one standard de-
viation (SD) below age-  and sex- matched means in this cohort. LBC 
researchers timed participants with a stopwatch walking 6 metres 
along a corridor. A subjective cognitive complaint was recorded if 
the participant replied affirmatively to the question: “Do you cur-
rently have any problems with your memory?”. Loss of independ-
ence was determined by scoring over 1.5 SD above the mean on the 
Townsend Disability Scale (a higher score indicates greater disabil-
ity) [20]. Dementia was assessed by self- report or the Mini- Mental 
State Examination (MMSE), with a score < 24/30 indicating possible 
dementia [21].

Socioeconomic status

Our risk factor of interest was socioeconomic status as determined 
by years of education and the occupational social class of the partici-
pants during their working years. This approach for classifying socio-
economic status in LBC1936 has been used many times previously 
in the literature [22– 25]. Occupational social class is based upon 
principal occupation, coded in line with the 1980 census, and was 
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categorised as professional, managerial, skilled non- manual, skilled 
manual, or semiskilled/unskilled [17, 18]. As such, it categorises in-
dividuals into a social class grouping rather than giving specific in-
formation about the occupation role. Typical for the time, married 
women were assigned a social class based on the highest occupation 
of the household, be that their own or their husband's. Although we 
could not determine which women were coded based on their hus-
band's occupation and which were based on their own occupation, it 
remains typical practice to assign a socioeconomic status to a house-
hold based on the highest occupational social group, as opposed to 
separating a married couple into different social groups.

For our study, we collapsed the occupational classes of profes-
sional, managerial, and skilled non- manual into a ‘non- manual’ cat-
egory and the skilled manual and semiskilled/unskilled classes into 
a ‘manual’ category. This preserved the distinction between higher 
and lower socioeconomic status while improving the data distribu-
tion and providing a relevant comparator for a measure like MCR, 
which contains a motor/manual component such as gait speed. 
Table S1 presents the descriptive characteristics of the non- manual 
and manual occupation groups for comparison. The non- manual and 
manual occupation groups differed significantly in several key char-
acteristics, including age, sex, years of education, smoking status, 
depression symptoms, and grip strength (Table S1). Body mass index 
(BMI) is also significantly different between manual (29.1 ± 4.6 kg/
m2) and non- manual (27.4 ± 4.4 kg/m2) occupational social classes, 

but dietary pattern was not available to explore this further. Our 
final model adjusts for all these potential confounders. Age 11 in-
telligence also differs significantly between non- manual and manual 
groups; but as expected, age 11 intelligence and occupational social 
class were collinear, so it was not included in our model.

Other risk factors

Based primarily on reported risk factors for MCR [8, 9, 26], we 
included the following risk factors in our analysis: age, sex, self- 
reported smoking status (current/ex/never), BMI, depression and 
anxiety symptoms (Hospital Anxiety and Depression Scale), and 
grip strength (combined average of left and right). The presence of 
self- reported stroke, hypertension, cardiovascular disease, diabe-
tes, Parkinson's disease, arthritis, leg pain, or neoplasia was used to 
calculate a summary Multimorbidity index (scored 0 to 8) [2]. Self- 
reported physical activity levels are: 1 = moving only in connection 
with necessary household chores; 2 = walking or other outdoor 
activities 1– 2 times per week; 3 = walking or other outdoor activi-
ties several times per week; 4 = exercising 1– 2 times per week to 
the point of perspiring and heavy breathing; 5 = exercising several 
times per week to the point of perspiring and heavy breathing; and 
6 = keep fit/heavy exercise or competitive sport several times per 
week.

F I G U R E  1  Flow chart of participants. BMI, body mass index; HADS- A, Hospital Anxiety and Depression Status- Anxiety; HADS- D, 
Hospital Anxiety and Depression Status- Depression; MCR, motoric cognitive risk; SD, standard deviation.
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Statistical methods

We summarised the participants' characteristics using means and 
SD or frequencies and percentages, as appropriate. We compared 
non- MCR and MCR groups using χ2 tests with a continuity correc-
tion for categorical variables. We performed an F- test (ANOVA) by 
default for continuous explanatory variables. We used a Kruskal– 
Wallis test when variables were considered non- parametric, except 
when expected counts were less than five, where Fisher's exact test 
was more appropriate.

We estimated the odds ratio (OR) association with 95% CIs of 
socioeconomic status, as determined by occupational social class 
and years of education, with MCR using logistic regression models. 
The basic model (Model 1) adjusted for age and sex. Model 2 ad-
justed for all covariates in Model 1 plus lifestyle variables. Model 
3 adjusted for all covariates in Model 2 plus health variables. Our 
final model, Model 4, adjusted for all covariates in Model 3 plus 
mental and physical measures. Final model selection was per-
formed using a criterion- based approach, whereby we minimised 
the Akaike Information Criterion (goodness- of- fit test), maximised 
the C- statistic (model discrimination) and ensured a non- significant 
Hosmer– Lemeshow test (calibration of model prediction ability). 
We performed a sensitivity analysis with the sexes separated. We 
assessed for possible bias due to missing data by comparing the 
distribution of missingness in the final model variables amongst 
MCR and non- MCR groups. The main analysis was based on par-
ticipants with no missing data. We performed variance inflation 
factor analysis to ensure no multicollinearity between variables 
in the final regression model. We considered p values <0.05 to be 
statistically significant. All statistical analyses were conducted in 
R version 4.0.2, using the ‘finalfit’ package version 1.0.4 [27, 28]. 
Code is openly shared on Github [29]. LBC1936 data are available 
on request from the LBC1936 team (https://www.ed.ac.uk/lothi 
an- birth - cohor ts/data- acces s- colla boration) [30]. The reporting of 
this study conforms to the STROBE statement [31].

RESULTS

Some 1091 participants were initially recruited at baseline (49.8% 
female, mean [SD] age 69.5 [0.8] years). The variables necessary to 
derive MCR were first measured at the 6- year follow- up time point 
(wave 3), which had 697 participants. One participant was excluded 
as they had been diagnosed with dementia before wave 3. A final 
total of 696 participants (48.0% female, mean [SD] age 76.3 [0.7] 
years) were included in our study sample, giving a participation rate 
of eligible persons of 99% (63% of baseline participants). Nine par-
ticipants were missing data in the occupational social class variable, 
and four were missing data necessary for MCR determination. Our 
final model included 671 participants. The main reasons for loss to 
follow- up in the LBC1936 are death, chronic incapacity, and perma-
nent withdrawal [19]. Figure 1 illustrates the participant flow in this 
study.

Table 1 presents the characteristics of the study participants, 
comparing the MCR and non- MCR groups. Despite the narrow age 
range, the MCR group is significantly older. Aside from the differ-
ences between MCR and non- MCR groups for occupational social 
class, there are no other significant differences in any demographic, 
lifestyle, medical history, or physical or mental measures.

MCR prevalence at wave 3 was 5.6% (95% CI 4.0– 7.6; n = 39/696). 
Table 2 presents the results of the final logistic regression analysis 
model. The final and most adjusted model (Model 4) demonstrates 
that working in a manual rather than a non- manual occupation ear-
lier in life is associated with a greater than three- fold increased risk 
of having MCR later in life (adjusted odds ratio [aOR] 3.55, 95% CI 
1.46– 8.74; p = 0.005). This is illustrated in Figure 2 with full details 
given in Table 2.

Table S2 details further information on earlier models and model 
building. The model building shows that knowing a participant's 
occupational social class, education, age, and sex alone (Model 1) 
would provide a 71% chance of predicting correctly whether this 
participant will develop MCR later in life (C- statistic 0.71) but that 
adjusting for demographic, lifestyle, and health factors (Model 4) 
improves this to a 75% chance (C- statistic 0.75).

None of the main explanatory variables are collinear as illus-
trated in Figure S1. Variance factor analysis suggests no evidence 
of multicollinearity among any of the variables in our final model 
(Table S3).

Sensitivity analysis

We performed a sensitivity analysis with the sexes separated to ex-
plore their effect on the true association between socioeconomic 
status and MCR. We used the same analysis approach and factors as 
our main analysis, except we excluded the sex variable. In the male 
cohort (Table S4), the effect of manual occupational social class on 
future MCR risk was higher than in the overall cohort when unad-
justed (OR 3.79, 95% CI 1.48– 10.45; p = 0.007) but the same when 
adjusted (aOR 3.55, 95% CI 1.19– 11.73; p = 0.028). In the female 
cohort, only three female participants had both MCR and a manual 
occupation, which was too small for further analysis.

As so few participants had MCR data missing (n = 4), we have 
not included here our sensitivity analysis on those with missing data 
for MCR derivation. However, for completeness, this information is 
provided in Table S5.

DISCUSSION

Our main finding is that lower socioeconomic status as defined by 
non- manual versus manual occupation (and not years of education) 
is associated with a more than three- fold increased risk of hav-
ing MCR later in life (aOR 3.55, 95% CI 1.46– 8.74; p = 0.005). The 
strong association between manual occupation and increased risk of 
MCR remained despite adjusting for an extensive array of potential 
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confounds. This is the first study to focus on socioeconomic status 
as a risk factor for MCR, which adds to its value and importance 
but makes it difficult to place it in context. However, a recent study 
examining manual and non- manual occupational social class found 
that manual occupation is associated with dementia- related death 
[12]. As MCR is highly prognostic of dementia in later life, our main 
finding has good face validity.

Occupational social class

The LBC1936 dataset contains another measure of socioeconomic 
status, the Scottish Index of Multiple Deprivation (SIMD) [32]. This 
is a relative measure of deprivation across small areas of Scotland, 
ranked 1 (most deprived) to 6976 (least deprived). As this is a 
population- level measurement, individuals living in the same area 
but with very different jobs and socioeconomic circumstances will 
have the same SIMD rank. As such, it is less informative on an indi-
vidual level than occupational social class or years of education, and 
we did not include it in our model.

Income data are unavailable for the participants. However, 
working- age occupation class is a good proxy measure for individual 
wealth later in life, often better than other indices such as neigh-
bourhood deprivation or years of education [15, 16]. As such, it is 

likely that the difference in health outcomes between these two 
groups is partly mediated by economic status.

Other covariates

Despite the narrow age range of LBC1936 participants, we noted a 
significant association between older age with the presence of MCR. 
This is in keeping with a recent meta- analysis of factors associated 
with MCR in 22 studies, which found that a majority reported age 
as an associated factor for the presence of MCR [26]. There was no 
significant relationship between MCR status and any other variables 
tested for, including those traditionally associated with MCR such as 
obesity, multimorbidity, depression, and anxiety. This is surprising as 
we chose these variables a priori based primarily on their previous 
association with MCR. Our study may not have the power to detect 
a significant relationship, an idea supported by the effect sizes of 
these other variables, which are generally in the same direction as 
larger studies [8, 9, 26]. Further investigation is required using case– 
control studies or much larger cohort studies.

The lack of association between MCR and traditional risk fac-
tors for MCR may also be partly due to healthy volunteer bias. 
Lothian is a relatively affluent area of Scotland, and the participants 
in LBC1936 have a higher average number of years of education 

Parameter MCR (n (%))
No MCR (n 
(%))

Total (N 
(%)) P value

Participants 39 (5.6) 653 (94.4) 692

Occupational class Manual 15 (38.5) 122 (18.7) 137 (19.8) 0.005*

Non- manual 23 (59.0) 523 (80.1) 546 (78.9)

(Missing) 1 (2.6) 8 (1.2) 9 (1.3)

Education, years Mean (SD) 10.6 (1.1) 10.8 (1.1) 10.8 (1.1) 0.344

Age, years Mean (SD) 76.6 (0.6) 76.2 (0.7) 76.2 (0.7) <0.001*

Sex Female 20 (51.3) 313 (47.9) 333 (48.1) 0.743

Male 19 (48.7) 340 (52.1) 359 (51.9)

Smoking history Current 4 (10.3) 39 (6.0) 43 (6.2) 0.336

Ex- smoker 13 (33.3) 278 (42.6) 291 (42.1)

Never 22 (56.4) 335 (51.3) 357 (51.6)

(Missing) 0 (0.0) 1 (0.2) 1 (0.1)

Anxiety, HADS- A Mean (SD) 4.6 (3.1) 4.7 (3.1) 4.7 (3.1) 0.859

Depression, 
HADS- D

Mean (SD) 3.2 (2.3) 2.8 (2.3) 2.9 (2.3) 0.420

Multimorbidity 
index

Mean (SD) 2.4 (1.3) 2.3 (1.3) 2.3 (1.3) 0.481

BMI, kg/m2 Mean (SD) 28.4 (4.2) 27.7 (4.5) 27.7 (4.5) 0.272

Grip strength, kg Mean (SD) 25.4 (10.3) 27.3 (9.8) 27.2 (9.8) 0.272

Abbreviations: BMI, body mass index; HADS- A, Hospital Anxiety and Depression Status- Anxiety; 
HADS- D, Hospital Anxiety and Depression Status- Depression; MCR, motoric cognitive risk; 
Multimorbidity index, the presence of self- reported stroke, hypertension, cardiovascular disease, 
diabetes, Parkinson's disease, arthritis, leg pain, or neoplasia was used to calculate a summary 
multimorbidity index (scored 0 to 8); SD, standard deviation.
*p<0.05.

TA B L E  1  Covariate descriptive 
statistics for participants with and without 
motoric cognitive risk.
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and better general physical fitness than the Scottish population. 
Participants are also all white. These factors should be considered 
when generalising these findings to other populations. However, the 
overall affluence of the LBC1936 sample may underplay the role of 
socioeconomic status as a risk factor for MCR. Perhaps a more so-
cioeconomically diverse cohort would reveal an even stronger asso-
ciation effect size between low and high socioeconomic status and 
MCR. This would be an important future study in a more population- 
representative cohort.

Perceived stress and levels of social support may mediate the 
association between occupation and MCR. Unfortunately, specific 
data on these variables were not available. However, the partici-
pants in LBC1936 retired long before wave 3 (mean age 76 years) 
when we first derived MCR. As such, any questionnaires regarding 
occupational stress would rely on recall from many years before. 
Nevertheless, while not stress- specific, we included depression and 
anxiety symptoms (Hospital Anxiety and Depression Scale) in our 

final adjusted model even though there were no significant differ-
ences in symptoms between the MCR and non- MCR groups. This 
was an a priori decision based on previously reported associations 
between these psychological symptoms and MCR in the literature 
[9, 26, 33].

Limitations and strengths

Our data had additional limitations to those already discussed. 
Growing research identifies head trauma as a risk factor for later- 
life subjective and objective cognitive impairment [34]. A potential 
increased rate of head trauma related to occupation could medi-
ate the relationship between socioeconomic status and MCR, but 
these data are unavailable in our cohort. Attrition from ill- health 
or mortality is a common and often unavoidable limitation of lon-
gitudinal studies of ageing. The LBC1936 research team attempt 

TA B L E  2  Final model –  logistic regression of motoric cognitive risk (dependent variable) and socioeconomic status at baseline with and 
without adjustment for potential confounders.

Parameter MCR (n (%)) No MCR (n (%)) OR (univariable)
aOR 
(multivariable)

Occupational class Manual 15 (10.9) 122 (89.1) – – 

Non- manual 23 (4.2) 523 (95.8) 2.80 (1.39– 5.47, 
p = 0.003)

3.55 (1.46– 8.74, 
p = 0.005)

Education, years Mean (SD) 10.6 (1.1) 10.8 (1.1) 1.15 (0.86– 1.57, 
p = 0.362)

0.94 (0.66– 1.35, 
p = 0.716)

Age, years Mean (SD) 76.6 (0.6) 76.2 (0.7) 0.43 (0.25– 0.71, 
p = 0.001)

0.44 (0.24– 0.76, 
p = 0.004)

Sex Female 20 (6.0) 313 (94.0) – – 

Male 19 (5.3) 340 (94.7) 1.14 (0.60– 2.20, 
p = 0.684)

1.38 (0.47– 4.21, 
p = 0.560)

Smoking history Current 4 (9.3) 39 (90.7) – – 

Ex- smoker 13 (4.5) 278 (95.5) 2.19 (0.59– 6.56, 
p = 0.188)

1.53 (0.36– 5.34, 
p = 0.529)

Never 22 (6.2) 335 (93.8) 1.56 (0.44– 4.34, 
p = 0.434)

1.06 (0.26– 3.47, 
p = 0.928)

Physical activity level Mean (SD) 2.4 (1.1) 2.9 (1.1) 1.42 (1.05– 1.95, 
p = 0.025)

1.30 (0.93– 1.88, 
p = 0.140)

Anxiety, HADS- A Mean (SD) 4.6 (3.1) 4.7 (3.1) 1.01 (0.91– 1.13, 
p = 0.856)

1.05 (0.93– 1.21, 
p = 0.428)

Depression, HADS- D Mean (SD) 3.2 (2.3) 2.8 (2.3) 0.95 (0.83– 1.09, 
p = 0.414)

1.00 (0.85– 1.19, 
p = 0.999)

Multimorbidity index Mean (SD) 2.4 (1.3) 2.3 (1.3) 0.92 (0.73– 1.17, 
p = 0.485)

1.00 (0.76– 1.32, 
p = 0.995)

BMI, kg/m2 Mean (SD) 28.4 (4.2) 27.7 (4.5) 0.96 (0.90– 1.03, 
p = 0.292)

0.99 (0.92– 1.07, 
p = 0.810)

Grip strength, kg Mean (SD) 25.4 (10.3) 27.3 (9.8) 1.02 (0.99– 1.06, 
p = 0.242)

1.01 (0.96– 1.07, 
p = 0.645)

Note: Number in dataframe = 694, number in model = 673, missing = 21, AIC = 297.3, C- statistic = 0.716, H&L = χ2 (8) 6.28 (p = 0.616).
Abbreviations: AIC, Akaike Information Criterion; aOR, adjusted odds ratio; BMI, body mass index; HADS- A, Hospital Anxiety and Depression Status- 
Anxiety; HADS- D, Hospital Anxiety and Depression Status- Depression; H&L, Hosmer– Lemeshow test; MCR, motoric cognitive risk; Multimorbidity 
index, the presence of self- reported stroke, hypertension, cardiovascular disease, diabetes, Parkinson's disease, arthritis, leg pain, or neoplasia was 
used to calculate a summary multimorbidity index (scored 0 to 8); OR, odds ratio; SD, standard deviation.
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to minimise attrition by re- contacting those unable to attend 
a wave due to a temporary illness and assessing them at a later, 
more appropriate time where possible. Despite this, attrition in 
the LBC1936 is approximately 20% between waves, leading to a 
37% loss of participants over the 6 years between baseline and 
wave 3. Although this attrition is substantial, it is within the limit 
of what is considered acceptable by international quality assess-
ment bodies [35]. Fortunately, our study has an excellent partici-
pation rate (99%) of the eligible sample, with only 7 of the 697 
available participants excluded, which helps address any selection 
bias. Despite this, our sample size is still small and a replication 
study in a larger cohort, or a cohort with a higher prevalence of 
MCR, would increase confidence in our findings. A replication 
study is certainly feasible. MCR has been derived in many cohorts 
globally [7]. Likewise, socioeconomic status has been operational-
ised in various ways [15], all of which are associated with late- life 
health, with only minor differences in the effect sizes [15].

Implications

An association between lower socioeconomic status and MCR has 
several implications. First, the mechanism of this association must 
be clarified. Because we had insufficient women with MCR in the 
sample we could not separate the effects of occupation per se from 
the effects of factors related to occupation. A significant association 
in women who did not work but shared the SES of their husband 
would suggest the importance of occupation- related factors such as 
household income. Alternatively, individuals in higher occupational 
classes often have jobs that require higher levels of intellectual 

function [36]; perhaps having a more cognitively demanding job of-
fers protection against developing MCR later in life. Second, if this 
association were to reflect a causal link between socioeconomic 
status and MCR, policy measures which target socioeconomic in-
equality in early-  and mid- life might reduce the number of individu-
als transitioning to the high- risk state of MCR and then to dementia. 
This is supported by a 2017 study assessing the contribution of so-
cioeconomic status at three life- course periods to memory function 
in later life. The authors reported that upward mobility in mid-  and 
late- life somewhat offset the effects of low socioeconomic status 
earlier in life [37]. Finally, public health strategies should target indi-
viduals with lower socioeconomic status for earlier dementia detec-
tion and intervention. Given that approximately 50 million people 
worldwide live with dementia, a number projected to triple over the 
next 30 years [13], even a small reduction in incidence or delaying 
the age of onset could make a substantial difference to patients, 
families, and societies globally.

CONCLUSIONS

In conclusion, this prospective study shows an association between 
lower socioeconomic status, as defined by manual occupation at a 
younger age, and MCR at an older age, but no effect of educational 
attainment. This relationship remained after adjustment for demo-
graphics, lifestyle factors, and health measures. Unravelling this as-
sociation will likely reveal important pathophysiological mechanisms 
underlying MCR and may unearth modifiable risk factors which 
could be targeted to reduce the incidence of MCR and, ultimately, 
dementia. Policy and healthcare practice addressing dementia risks 

F I G U R E  2  Odds ratio plot showing the association of motoric cognitive risk (dependent variable) with occupational social class, adjusted 
for potential confounders at wave 3 (6- year follow- up). BMI, body mass index; CI, confidence interval; HADS- A, Hospital Anxiety and 
Depression Status- Anxiety; HADS- D, Hospital Anxiety and Depression Status- Depression; MCR, motoric cognitive risk; Multimorbidity 
index, the presence of self- reported stroke, hypertension, cardiovascular disease, diabetes, Parkinson's disease, arthritis, leg pain, or 
neoplasia was used to calculate a summary multimorbidity index (scored 0 to 8).
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such as MCR in their social context and early in the life course could 
be effective strategies for reducing health inequalities in older age.
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5.3 Further discussion 

Our main finding is that lower socioeconomic status as defined by non-manual 

versus manual occupation (and not years of education) is associated with a more 

than three-fold increased risk of having MCR later in life (aOR 3.55, 95% CI 1.46 to 

8.74; p = 0.005). This strong association remained after adjusting for many potential 

confounding variables.   

This was the first study of the thesis to involve regression modelling – specifically, 

logistic regression modelling. Before undertaking this analysis, I took time to 

understand the principles of linear regression modelling before studying logistic 

regression modelling. After preparing the data and prior to building the models, I 

explored the data thoroughly by plotting and tabulating variables of interest and 

assessing for missing data, interactions, or collinearity. Only when I was confident 

that the variables of interest were robust to the following assumptions did I begin 

model-building153:  

1. Binary dependent variable – MCR or No MCR

2. Independence of observations – the observations were not repeated

measurements or matched data;

3. Linearity of continuous explanatory variables

4. No multicollinearity - explanatory variables were not highly correlated with

each other.

The model-building process for this study was a great learning opportunity for me. All 

models are approximations of reality, none will be perfect, but they should best 

describe the underlying data.153 I built my models in this thesis based on the 

following six pragmatic model-fitting principles153: 

1. As few explanatory variables should be used as possible (parsimony);

2. Explanatory variables associated with the outcome variable in previous

studies should be accounted for;

3. Demographic variables should be included in model exploration;

4. Population stratification should be incorporated if available;

5. Interactions should be checked and included if influential;
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6. Final model selection should be performed using a criterion-based approach 

to minimise the Akaike information criterion (AIC) and maximise the c-statistic. 

It is often difficult to balance these principles, and inevitably, others would make 

different choices from mine, as there is no single correct way to build a model. To be 

transparent about my decision-making, I published my model-building strategy as 

supplementary material and made my code openly available on GitHub for the 

relevant publications in this thesis.154–156 My model-building approach in this study 

prepared the ground for the analysis of time-to-event data using Cox proportional 

hazards and Fine-Gray competing risk regression modelling, as described in the final 

empirical study of the thesis in Chapter 7. 

 

Although deemed too detailed for inclusion in the published paper, I analysed an 

unadjusted model for comparison, containing just the key risk factors of interest, 

occupational social class, and years of education. This showed that working in a 

manual rather than a non-manual occupation earlier in life is associated with an 

increased risk of having MCR later in life (OR 2.80 [1.39-5.47, p=0.003]). This 

association increased when adjusted for the demographics of age and sex (OR 3.62 

[1.56-8.52, p=0.003]). On further analysis, the sex variable suppressed the true 

association between socioeconomic status and MCR in the unadjusted model, so 

when sex was adjusted for, the association increased. This outcome reinforced the 

importance of logically and systematically building a model step-by-step to fully 

understand the process. Appendix 4 presents the publication’s supplementary 

information, including the model-building strategy.    

 

Growing research identifies head trauma as a risk factor for later-life subjective and 

objective cognitive impairment.157 This was highlighted during the peer-review 

process for this article and I was asked to consider it as a mechanism. It is feasible 

that head trauma, which can increase subjective cognitive complaints,158 may also 

increase the prevalence of MCR. In the literature to date, there has been no 

examination of the association of head injury with MCR. To adequately assess if the 

observed relationship between MCR and manual occupation is mediated by head 

injury, workload physicality, or physical harm suffered while doing manual labour, I 

would need a more precise measure of occupational physicality and occupational 

injury history than that available in LBC1936. The chosen socioeconomic status 
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variable is a measure of social class based on occupation group rather than a 

measure of a specific occupation. This allows examination of the association 

between socioeconomic status and MCR, rather than between specific occupations 

and MCR. However, to tentatively explore whether workload physicality or physical 

harm is related to MCR, I analysed the distribution of MCR and non-MCR across all 

six occupation levels before categorising them into non-manual and manual (Table 

3). This shows a general trend towards an increased likelihood of MCR as one 

moves down the occupational social classes from managerial to unskilled. It could 

reasonably be assumed that unskilled manual labour involves the most intense 

physical labour and, therefore, the highest risk for injury compared to skilled or semi-

skilled manual labour.148 However, due to the very small size of some of the 

subgroups, I omitted this subanalysis from the publication and avoided any group 

comparison testing to lower the risk of being misleading. Based on the available 

data, I do not think it is possible to make any conclusions regarding the intensity of 

workload or propensity for injuries.  

 

Table 3 Distribution of MCR across occupation levels 

Occupation level MCR, N (%) No MCR, N (%) 

Managerial 13 (4.9) 254 (95.1) 

Professional 2 (1.4) 138 (98.6) 

Skilled non-manual 8 (5.8) 131 (94.2) 

Semi-skilled  2 (8.7) 21 (91.3) 

Skilled manual 12 (10.9) 98 (89.1) 

Unskilled 1 (20) 4 (80) 

Total 38 646 

 

There are several important implications of an association between lower 

socioeconomic status and MCR. While the mechanisms underlying the association 

require further research, if there is a causal link between low socioeconomic status 

and MCR, policy measures to support individuals of lower socioeconomic status to 

upskill their occupational role during their working years might reduce the number of 

individuals transitioning to the high-risk state of MCR and then to dementia. 

Furthermore, future research needs to consider whether manual workers retire 

earlier and what their lifestyle looks like during retirement. MCR incidence would 
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likely increase if retirement led to decreased physical activity or difficulty maintaining 

a healthy lifestyle due to chronic injuries and illnesses resulting from years of manual 

labour. Policy measures to support a healthy transition to retirement may reduce 

MCR incidence. Combining these approaches with strategies to target individuals 

with lower socioeconomic status for earlier dementia detection and intervention could 

possibly reduce the incidence or delay the age of onset of dementia. Even a small 

reduction or delay could make a substantial difference to patients, families, and 

societies globally, given that the number of people worldwide living with dementia is 

projected to triple over the next 30 years.4  

 

5.4 Chapter conclusions 

Findings from this study show an association between lower socioeconomic status, 

as defined by manual occupation at a younger age, and MCR at an older age, but no 

effect of educational attainment. This relationship was strong and remained after 

adjustment for demographics, lifestyle factors, and health measures. Further work is 

needed to unravel the mechanisms underlying this association. Research using data 

on the specific tasks of each occupation could help identify if the relationship is 

mediated by factors such as occupational physicality or injuries such as head 

trauma. As a somewhat modifiable risk factor, policies to better support those of 

lower socioeconomic status and to enable easier social mobility are likely to 

contribute to a lower prevalence of MCR and its transition to dementia.  

 

Before I could study the association between MCR and incident dementia in 

LBC1936, I first had to identify a clinically robust dementia diagnosis in LBC1936. 

This is the focus of the next chapter.  
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6. Identifying dementia in the Lothian Birth Cohort 1936 

6.1 Chapter introduction 

The LBC1936 dataset has been profiled in Chapter 3. This chapter presents a 

publication describing the ascertainment of a clinically robust dementia outcome in 

the LBC1936. This research was essential for the final empirical study of this thesis 

which investigates MCR as a predictor of dementia, as detailed in Chapter 7.  

 

Dementia is a clinical diagnosis – there is no one brain scan, blood test, or cognitive 

test to diagnose it. However, clinical consensus diagnosis of dementia is time-

consuming and usually costly, so cohort studies often use self-report or a dementia 

proxy such as an arbitrary cut-off score in the Mini-Mental State Examination 

(MMSE).159 Until now, the LBC1936 study did not have a clinically identified 

dementia outcome for researchers to use. Reliance on dementia self-report and/or 

performance on a cognitive test when assigning an outcome of dementia is generally 

accepted to introduce measurement bias in dementia research.160 I was reluctant to 

assess the predictive ability of MCR with incident dementia in LBC1936 until I had 

first identified a robust clinical dementia measure to use. This research presents a 

new approach for identifying dementia in follow-up studies that involves reviewing 

the electronic health records of all participants to identify those who had any record 

of cognitive dysfunction. This is the first aim of this study. 

 

Epidemiological dementia research is crucial for informing present and future 

demand for dementia care services.161 The global estimated age-standardised 

prevalence of dementia since 1990 has remained relatively stable,162 but a number 

of studies in Europe and North America report falling age-specific incidence.163 Still, 

an ageing and larger population have seen a doubling in the number of people with 

dementia since 1990,162 and the latest modelling based on Global Burden of Disease 

data predicts an increase from 57 million cases today to 153 million cases by 2050.3 

Obtaining accurate dementia prevalence rates based on valid and robust dementia 

ascertainment is crucial to guide health system planning and informing research 

decisions. This is the second aim of this study.  

 

76



To accomplish our aims, we reviewed the electronic health records of all participants 

to look for any record of problems with cognition. We performed in-person clinician 

assessments when there was concern about a participant's cognition. We formed a 

diagnostic team of clinical dementia experts to agree on a diagnosis of probable 

dementia, possible dementia, or no dementia, as well as the subtype where possible. 

This research paper was published in BMC Psychiatry.164 This important and 

impactful project was a large team effort from Old Age Psychiatrists, a Neurologist, a 

Geriatrician, and the LBC1936 Research Team. I performed the data analysis, wrote 

the first manuscript draft, coordinated and incorporated co-author responses to 

subsequent drafts, and responded to peer-review comments. I am the first and 

corresponding author.  

6.2 Published manuscript 

Identifying dementia using medical data linkage in a longitudinal cohort study: 

Lothian Birth Cohort 1936 
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Abstract 

Background The Lothian Birth Cohort 1936 (LBC1936) is a longitudinal study of ageing with well‑characterised 
assessments, but until now, it has relied on self‑report or proxies for dementia such as cognitive tests. Our aims were 
twofold:

a) to describe a framework for identifying dementia in a cohort study.

b) to report the age‑specific incidence and prevalence of all‑cause dementia and dementia subtypes in 865 individu‑
als in the LBC1936.

Methods Electronic Health Records (EHR) of all participants were reviewed, and relevant information was extracted 
to form case vignettes for everyone with any record of cognitive dysfunction. The EHR data sources include hospital 
and clinic letters, general practitioner and hospital referrals, prescribed medications, imaging and laboratory results. 
Death certificate data were obtained separately. Clinician assessments were performed when there was concern 
about a participant’s cognition. A diagnosis of probable dementia, possible dementia, or no dementia was agreed 
upon by a consensus diagnostic review board, comprised of a multidisciplinary team of clinical dementia experts 
who reviewed case vignettes and clinician assessment letters. For those with probable dementia, a subtype was also 
determined, where possible. We compared the agreement between our newly ascertained dementia diagnoses with 
the existing self‑reported dementia diagnoses.

Results Self‑reported dementia diagnoses were positive in only 17.8% of ascertained dementia diagnoses. The EHR 
review identified 163/865 (18.8%) individuals as having cognitive dysfunction. At the consensus diagnostic review 
board, 118/163 were diagnosed with probable all‑cause dementia, a prevalence of 13.6%. Age‑specific dementia 
prevalence increased with age from 0.8% (65–74.9 years) to 9.93% (85–89.9 years). Prevalence rates for women were 
higher in nearly all age groups. The most common subtype was dementia due to Alzheimer disease (49.2%), followed 
by mixed Alzheimer and cerebrovascular disease (17.0%), dementia of unknown or unspecified cause (16.1%), and 
dementia due to vascular disease (8.5%).

*Correspondence:
Donncha S. Mullin
D.Mullin@ed.ac.uk
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Conclusions We present a robust systematic framework and guide for other cohort teams wanting to ascertain 
dementia diagnoses. The newly ascertained dementia diagnosis provides vital data for further analyses of LBC1936 to 
allow exploration of lifecourse predictors of dementia.

Keywords Dementia, Ascertainment, Diagnosis, Identify, Outcome, Incidence, Prevalence, Ageing, Older adults, 
Longitudinal, Electronic health record

Introduction
Dementia is a major and growing global public health 
challenge [1]. Dementia research is crucial for inform-
ing present and future demand for dementia care 
services [2]. As the number of people with demen-
tia increases globally, obtaining accurate dementia 
prevalence rates based on valid and robust dementia 
ascertainment is crucial to guide health system plan-
ning and to inform research decisions. Epidemiologi-
cal studies require robust dementia diagnoses, ideally 
in well-characterised longitudinal cohorts, to allow the 
identification of lifecourse predictors of dementia, and 
to produce meaningful results to inform policy and 
clinical practice.

Using multiple and varied data sources when ascer-
taining dementia diagnoses is vital [3, 4]. Our dementia 
ascertainment method using a combination of existing 
data sources builds upon a previously validated approach 
that compared diagnoses extracted from existing data 
with diagnoses made on clinical review in an earlier 
LBC cohort (LBC1921) [3]. That study found that over-
all dementia diagnoses using data from multiple existing 
sources were confirmed by clinical review in 88% of cases 
[3]. A recent UK Biobank study found that using hospital 
admissions data alone unearthed 78% of dementia diag-
noses, and general practitioner data alone captured only 
52% of dementia diagnoses [5]. Ultimately, many demen-
tias in the community remain undiagnosed as individuals 
affected do not attend health or social care services [6]. 
This makes it important that cohort studies have a system, 
like ours, of flagging individuals who merit clinical assess-
ment for cognitive impairment, whether from concerns 
raised at the follow-up research waves, declining perfor-
mance in cognitive tests, or some other warning sign.

The aims of this study are twofold:

a) To outline a framework for robust, clinically-derived 
dementia ascertainment in an important longitu-
dinal cohort study, the Lothian Birth Cohort 1936 
(LBC1936).

b) To describe prevalence and incidence rates of all-
cause dementia and subtypes of 865 individuals 
in LBC1936 as they aged from 70  years to approxi-
mately 86 years old.

Methods
Participants
This study used data from the LBC1936 (https:// www. 
ed. ac. uk/ lothi an- birth- cohor ts), described in detail 
elsewhere [7–9]. In summary, participants living in the 
Lothian region of Scotland (which includes Edinburgh), 
most of whom had completed an intelligence test aged 
11 years, were recruited in 2004, at mean age 69.5 years 
(n = 1091). At initial recruitment, none reported a diag-
nosis of dementia, this was a specific inclusion criterion 
of the LBC1936. They have been followed up every three 
years since, at mean ages 72.5 years (n = 866), 76.3 years 
(n = 697), 79.3 years (n = 550) and 82 years (n = 431). The 
sixth wave of data collection is complete, and a seventh is 
planned. LBC1936 participants were first asked for their 
consent to access medical records from wave 2 onwards, 
so participants who only attended wave 1 were excluded 
from our study. We also excluded one other participant 
who did not consent to data linkage to their medical 
records from wave 2 onwards.

All LBC1936 participants are white, and the sex split is 
approximately equal. At each wave, participants undergo 
a core battery of cognitive testing, including measures 
of reasoning, processing speed, executive function, and 
memory. In addition, a detailed medical history, blood 
tests, physical measures, and structural magnetic reso-
nance imaging (MRI; age 72.5 onwards) are collected at 
each wave. The neuropsychological battery performed as 
part of LBC1936 testing includes the Mini-Mental State 
Exam (MMSE), logical memory 1 & 2, verbal fluency, 
National Adult Reading Test, Weschler Test of Adult 
Reading, Test of Premorbid Functioning, digit symbol 
coding, backward digit span, simple and four-choice 
reaction time, block design, verbal paired associates, spa-
tial span, symbol search, matrix reasoning, verbal paired 
associates delay, and inspection time [8]. Symptoms of 
depression and anxiety are measured using the Hospital 
Anxiety and Depression Screen.

Dementia ascertainment process
Our diagnostic procedure followed a previously validated 
process [3] with the additional step of a clinical assess-
ment at home, where indicated, on a selection of our 
cohort. As illustrated in Fig. 1, there were three phases: 
(i) Electronic Health Record (EHR) review plus death 
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certificate data, (ii) home visit clinician assessments, and 
(iii) consensus review board meeting.

Phase 1: Electronic Health Record (EHR) review
A team of psychiatrists specialising in Old Age Psychia-
try (“EHR team”) reviewed the EHR of every consent-
ing LBC1936 participant, including any information on 
their EHR dating before wave 2 collection. All informa-
tion was accessed and stored within the secure National 
Health Service computer system. An EHR protocol was 
produced by the group to ensure a standardised and sys-
tematic approach for each participant (Additional file 1).

The EHR for each participant was located using the 
patient’s Community Health Index (CHI) number, a 
unique health identifier used in NHS Scotland. Since 
2014, all healthcare records within NHS Lothian (the 
health board covering Edinburgh and surrounding areas) 
including psychiatric records have been stored on the 
EHR as full-text letters, records of referrals from primary 
to secondary/tertiary care services, hospital discharge 
letters including medications, and results of laboratory 
and radiological investigations. Before 2014, general 
and psychiatric records were held on separate systems, 
but all records were subsequently incorporated into the 
TrakCare system. Death certificate data is available for all 
deceased LBC1936 participants via record linkage. This 
was checked for each participant at the diagnostic review 
board (see Phase 3, below).

Case vignettes
The psychiatrist who reviewed the EHR created 
anonymised extracts of relevant information for the 
diagnostic review board meeting for any participant 

with evidence of cognitive dysfunction or a diagnosis of 
dementia. This work was completed on  17th April 2022.

Participants with upcoming NHS services investiga-
tions or assessments, such as brain imaging or memory 
clinic assessments, were flagged in the case vignettes to 
make the diagnostic review board aware. The EHRs of 
these flagged case vignettes were checked for updated 
information at the diagnostic review board.

Phase 2: Home visits
Doctor home visits were requested for several reasons: 
when cognitive impairment or decline was noted by 
LBC research staff during routine LBC1936 wave 6 test-
ing (in comparison to test scores in prior waves); when a 
new diagnosis of dementia was self-reported to the LBC 
research team; or when the LBC researcher had concerns 
that the participant might have dementia. Wave 6 testing 
was ongoing at the time of our study. Before participat-
ing in Wave 6 of the study, LBC1936 participants were 
informed that they would be invited to have a home visit 
if there was a substantial decline in their cognitive scores 
or if they had already been diagnosed with dementia; 
participants provided written consent when attending 
their Wave 6 cognitive testing appointment.

During the home visit, an experienced Old Age psy-
chiatrist performed a detailed clinical assessment. This 
included a thorough interview with the participant and, 
where available, an informant, to gather a complete 
medical history. Cognitive testing was completed using 
the Addenbrooke’s Cognitive Examination-III [10] and 
a physical examination, allowing the completion of the 
Modified Hachinski Ischaemic Scale [11]. The clinician 
also reviewed the participant’s medical records includ-
ing investigations (laboratory results, brain imaging), 

Fig. 1 Overview of the dementia diagnostic process. Note: EHR, Electronic Health Record. *only a small subsample of participants had information 
available at the consensus review meeting following a home visit assessment. Doctor home visits were requested for several reasons, explained in 
the section ‘Home visits’
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clinic letters, and prescribed medications. They then 
wrote to the participant’s general practitioner detailing 
the outcome of the assessment and, if necessary, referred 
them for further assessment within the NHS. These let-
ters were available for review by the consensus diagnos-
tic review board and were considered alongside the case 
vignettes.

Phase 3: consensus diagnostic review board
The consensus group consisted of experienced demen-
tia experts from Old Age Psychiatry (AS, CG, DM, LS, 
TR), Geriatric Medicine (SS), and Neurology (TW). We 
agreed on whether the available evidence for each par-
ticipant supported a diagnosis of one of probable demen-
tia, possible dementia, or no dementia, and determined 
the subtype of dementia, where possible. Depending 
on the strength of the evidence, both the diagnosis and 
subtype were deemed either ‘probable’ or ‘possible’. The 
criteria used for probable and possible diagnoses are 
shown in Table 1 (derived from a validated process [3]). 
Any disagreement was resolved through discussion. Any 
individual identified as having dementia but where there 
was insufficient evidence to make a subtype diagnosis 
was classified as an ‘unclear’ subtype. Differential diagno-
ses were made according to the ICD-11 criteria [12]. The 
final date for this phase was  18th August 2022.

The earliest date of any diagnosis was recorded. When 
only the month was available, we selected the middle of 
the month. Where only the year was available,  2nd July 
was selected as the estimated middle of the year.

The EHR of participants flagged as having impending 
memory assessments or investigations, as described in 
Phase 1, were revisited at the consensus meeting, and any 
new information was considered. The consensus group 
were blinded to each participant’s self-report of dementia 
status to reduce the risk of bias in the assessment.

To minimise the risk of misclassification, any incon-
sistencies between data sources were considered on a 

case-by-case basis. If there was reliable and consistent 
evidence for dementia in one source (e.g., Psychiatry 
clinic letter), but not another (e.g., death certificate), it 
was assumed the participant had dementia. Where there 
was contradictory evidence of similar reliability from two 
sources, further evidence was sought from other sources, 
and a consensus was reached. If it was impossible to 
obtain further evidence, participants with contradictory 
evidence were classified as possible rather than prob-
able dementia. We arranged NHS clinical follow-ups and 
post-diagnostic support for participants newly diagnosed 
with dementia in our study.

Person‑hours calculation
We calculated the approximate number of person-hours 
required for each ascertainment phase, which can be a 
guide to researchers considering replicating our methods 
in other cohorts. Approximately 469 person-hours were 
required to ascertain dementia in this cohort (Additional 
file 2), the majority required for phase 1 (400 h).

Analysis
We compared the self-reported dementia diagnoses at 
each study wave to the cumulative ascertained demen-
tia diagnoses. We recorded which sources contributed 
information for each ascertained probable dementia 
diagnosis. The information sources were categorised as 
EHR, clinical assessments at home, death certificates, 
and brain imaging. We noted if dementia was recorded 
on any part of the death certificate. For those participants 
who underwent more than one brain imaging modal-
ity, we noted the most detailed modality (e.g., MRI if the 
participant had had both CT and MRI brain scans). We 
considered brain imaging results from both NHS clinical 
settings and LBC1936 scans. We ensured clinical follow-
up and post-diagnostic support for those where dementia 
was newly identified. Statistical analysis was performed 

Table 1 Criteria for probable and possible diagnoses utilised by the consensus team

ICD-11 International Classification of Disease—Eleventh Edition, DSM-5 Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition, LBC1936 Lothian Birth 
Cohort 1936

Probable Dementia
ANY of the following (without opposing evidence from same/other 
source):

Possible Dementia
ANY of the following (without opposing evidence from same/other 
source):

‑ dementia diagnosis on death certificate (any part) ‑ recorded cognitive impairment on death certificate

‑ dementia diagnosed on clinical review (ICD‑11/DSM‑5) ‑ cognitive impairment/decline recorded in notes, but incomplete evi‑
dence to meet ICD‑11 diagnostic criteria

‑ dementia diagnosis in electronic health records ‑ possibility of dementia recorded in notes but no formal diagnosis/ 
incomplete evidence to meet ICD‑11 diagnostic criteria

‑ ICD‑11 criteria for dementia diagnosis met by data within any existing 
records
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using R version 4.0.2 [13]. Code is openly available on 
GitHub [14].

We calculated the prevalence of all-cause probable 
dementia, i.e., the proportion of the study sample that, at 
some point in their life or between the ages of approxi-
mately 70 and 86 years (if they are still alive), developed 
dementia. We formally quantified the trend for preva-
lence to i) increase linearly and ii) accelerate with age 
by performing a linear regression in which cumulative 
dementia cases were predicted by time in days as a linear 
and quadratic term (cumulative dementia ~ days +  days2). 
We compared the basic characteristics of the participants 
with and without probable dementia. We calculated the 
age-stratified dementia prevalence by removing those 
with dementia from the numerator when they died and 
removing all those who died from the denominator. We 
calculated the age-stratified dementia incidence rate. We 
report five-year age groupings, but we pooled the two 
groups 65 to 69.9 years and 70 to 74.9 years to preserve 
anonymity due to sample distribution. We performed sig-
nificance testing using a chi-squared test comparing the 
rate in men and women. Finally, we calculated the pro-
portions of the probable dementia subtypes. For clarity, 
and as the number of people with possible dementia was 
small (N = 7), we focused on probable dementia when 
calculating prevalence and incidence rates – those with 
possible dementia were included in the ‘no dementia’ 
group for analysis.

Results
Participants
Wave 2 of the LBC1936 had 866 participants. One par-
ticipant did not consent to their data being linked to their 
medical records. Accordingly, we included 865 partici-
pants in our analysis. Of these, 163 participants (18.8%) 
were flagged as having cognitive dysfunction following 
the EHR review and/or home visit. The anonymised case 
vignettes derived from the EHR, along with home visit 
clinical assessment letters for 10 participants, formed the 
basis of the discussion at the consensus group meeting. 
We illustrate the flow of participants, the data sources 
contributing to dementia diagnoses, and the consensus 
diagnostic review board outcomes in Fig. 2.

Dementia prevalence
In this cohort of older adults who were free from demen-
tia at study inception, we found that 13.6% (118/865) of 
participants met the criteria for a diagnosis of probable 
all-cause dementia between the ages of approximately 
70 and 86 years old. Participants’ demographics and IQ 
scores at age 11 are presented in Table 2.

In addition to the 118 people with probable demen-
tia, seven participants were diagnosed with possible 

dementia. Of these seven, six were deceased making fur-
ther testing impossible. To help preserve anonymity, their 
demographics are not included in Table 2.

Age‑stratified dementia prevalence
The prevalence of dementia for the age group 65 to 
74.9  years was 0.8% rising to 9.47% for the age group 
80–84.9 years. There was only a slight increase to 9.93% 
in the 85–89.9  years age group as the mean age of 
dementia diagnosis in this group was only 85.49  years. 
We pooled the two groups 65 to 69.9  years and 70 to 
74.9  years to preserve anonymity due to sample distri-
bution. The prevalence rates for women were higher in 
nearly all age groups. At the time of the consensus meet-
ing, 321 of 865 participants had died; 64 of these had 
dementia. Thus, 54 participants with dementia were alive 
at the time of our study. They had a mean (SD) age of 86 
(0.8) years, and the sex divide was approximately even. As 
individuals with dementia died, they were removed from 
our prevalence calculation for later age groups. Table  3 
presents the age-stratified dementia prevalence in our 
study, both pooled and grouped by sex. When modelling 
prevalence as a continuous trend, regression indicated 
there was a significant increase in dementia prevalence 
over time (p < 0.001); a significant quadratic term indi-
cated that there was also significant acceleration in the 
prevalence rate (p < 0.001).

Age‑stratified dementia incidence
Table  4 presents the incident dementia diagnoses over 
five years, distributed across age and sex categories.

Dementia subtypes
The distribution of the 118 probable dementia diagnoses 
by subtype was as follows: dementia due to Alzheimer 
disease (49.2%), mixed Alzheimer and cerebrovascular 
disease (17.0%), vascular disease (8.5%), Lewy body dis-
ease (3.4%), dementia due to psychoactive substances 
(1.7%), diseases classified elsewhere (e.g., Creutzfeldt-
Jakob Disease, Parkinson’s; 4.2%), and dementia of 
unknown or unspecified cause (16.1%). Table 5 presents 
the subtype diagnoses in detail. Figure  3 illustrates the 
main subtype groupings.

Comparing self‑reported and ascertained dementia 
diagnoses
Figure 4 illustrates the large difference between the num-
ber of self-reported and ascertained dementia diagnoses. 
Of the 118 ascertained dementia diagnoses, only 21 had 
ever self-reported dementia. One participant who self-
reported dementia did not have dementia ascertained. 
The self-reported dementia diagnosis in LBC1936, there-
fore, has a sensitivity of 17.8% and a specificity of 98.9%, 
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Fig. 2 Participant flowchart, data sources contributing to dementia diagnoses, and consensus diagnostic review board diagnoses. Note: SD, 
Standard Deviation; EHR, Electronic Health Record

Table 2 Demographics of the participants with and without probable dementia

IQ Intelligence Quotient

No Dementia (n = 747) Dementia (n = 118)

Sex Female (%) 362 (48.5) 55 (46.6)

Male (%) 385 (51.5) 63 (53.4)

Education, years Mean (SD) 10.8 (1.1) 10.6 (1.1)

Age 11 IQ Mean (SD) 101.0 (15.0) 98.5 (17.2)

Previous occupation Manual 148 (20.2) 27 (23.5)

Non‑manual 586 (79.8) 88 (76.5)

Marital Status Married 523 (70.0) 92 (78.0)

Not married 224 (30.0) 26 (22.0)
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when assigning the ascertained dementia diagnoses as 
the gold standard.

Data sources contributing to probable dementia diagnoses
Of the 118 probable dementia diagnoses, 43 had an MRI 
brain scan (37%), 53 had a CT brain scan (45%), and three 
(2.5%) had another scan such as single-photon emission 

computerised tomography (SPECT) scan, Dopamine 
Transporter (DaT) Scan, or Positron emission tomog-
raphy (PET). Nineteen (16%) of those with a dementia 
diagnosis did not have any brain imaging. As stated in 
the methods, we recorded only the most detailed scan a 
participant received, as this was given precedence during 
the consensus group meeting. Of the 64 participants with 

Table 3 Age‑stratified dementia prevalence

a At the time of our study, the mean age of participants with dementia in the 85–89.9 years group is only 85.5 years old. This explains the relatively low number of new 
diagnoses in this group

P-value is from a chi-squared test comparing the rate in men and women

Age group, years Alive with dementia

Alive N (%) Prevalence 
(per 1000)

Total (N) Men (N) Women (N) Total (%) Men (%) Women (%) P-value

65–74.9 839 (96.9%) 8.3 7 4 3 0.8% 0.9% 0.7% 0.80

75–79.9 736 (85.1%) 44.8 33 15 18 4.5% 4.1% 4.9% 0.39

80–84.9 570 (65.9%) 94.7 54 25 29 9.5% 9.3% 9.7% 0.77

85–89.9a 544 (62.9%) 99.3 54 22 32 9.9% 8.7% 11.0% 0.10

Table 4 Age‑stratified dementia incidence

a Of the live participants in the age group
b At the time of our study, the mean age of participants with dementia in the 85–89.9 years group is only 85.5 years old. This explains the relatively low number of new 
diagnoses in this group

P-value is from a chi-squared test comparing the rate in men and women

Age group, years New dementia diagnoses

Incidence Rate 
(per 1000)

Total (N) Men (N) Women (N) Total (%)a Men (%) Women (%) P-value

65–74.9 8.3 7 4 3 0.8% 0.9% 0.7% 0.62

75–79.9 48.9 36 20 16 4.9% 5.4% 4.4% 0.31

80–84.9 107.0 61 32 29 10.7% 11.9% 9.7% 0.13

85–89.9b 23.9 13 6 7 2.4% 2.4% 2.4% 1.00

Total - 118 63 55 - - -

Table 5 Distribution of dementia diagnoses by subtype, in detail

a ICD-11 Classification
b Both participants in LBC1936 with ‘Dementia Due to Psychoactive Substances including Medications’ were alcohol-related dementias

Dementia Subtypea N %

Dementia Due to Alzheimer Disease 58 49.2

Alzheimer Disease Dementia, Mixed Type, with Cerebrovascular Disease (Mixed Dementia) 20 17.0

Dementia, Unknown or Unspecified Cause 19 16.1

Dementia Due to Cerebrovascular Disease (Vascular Dementia) 10 8.5

Dementia Due to Diseases Classified Elsewhere 5 4.2

Dementia Due to Lewy Body Disease 4 3.4

Dementia Due to Psychoactive Substances including  Medicationsb 2 1.7

Frontotemporal Dementia 0 0.0

Dementia, Other Specified Cause 0 0.0

Total 118 100.0%
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dementia who died, a diagnosis of dementia was recorded 
on the death certificate of 47 (73.4%). Information from 
home visits contributed to 10/118 dementia diagnoses. 
This information is illustrated in Fig. 2.

Discussion
We have ascertained dementia diagnoses in the LBC1936 
using a robust systematic approach that closely aligns 
with diagnosing dementia in practice. Our methods go 
far beyond those used by many research studies, which 
lack the detailed medical data required to ascertain 

dementia in such a robust clinical manner. Previously, 
the best method available for determining dementia in 
the LBC1936 dataset was self-reported dementia status. 
Over the course of the LBC1936 study, this self-reported 
measure has been used as an exclusion criterion, the 
basis of sensitivity analyses or a covariate to control for 
the potential that those results are not heavily driven by 
an apparently small number of clinical cases. Our results 
indicate that the prevalence within the LBC1936 was 
a substantial underestimate leading to the inclusion of 
those with dementia who had previously been treated 

Fig. 3 Distribution of main dementia subtype groups. Note: “Other dementias” contains those due to Lewy Body Disease, psychoactive substances, 
and diseases classified elsewhere (precise proportions are presented in Table 5)

Fig. 4 Comparison of the cumulative number of self‑reported dementias with the ascertained dementia diagnoses over the timespan of the 
LBC1936. Note: due to attrition, the number tested (i.e., asked about their dementia status) reduces at each wave, whereas access to electronic 
health records is not affected by attrition
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as non-demented. Whereas prior work suggested that 
the results of some types of analyses may not have been 
unduly biased by unrecognised dementia [4], optimal 
characterisation of the sample under study is critical in 
refining our understanding of the nature and mecha-
nisms of cognitive ageing across a spectrum of severities 
and may vary as a function of the exposures being stud-
ied.. Given the pre-clinical phase of dementia, though 
variable between persons, is likely to precede a clinical 
diagnosis by many years, it is likely that some partici-
pants at recruitment (none of whom had a diagnosis of 
dementia) were in the preclinical phase. This is substan-
tiated by the relatively short time for a small number of 
participants between recruitment and dementia – our 
ascertainment protocol thus further highlights the value 
of having identified individuals who might otherwise 
have been considered ‘healthy agers’.

We have illustrated in our comparison of self-reported 
and ascertained dementia diagnoses that most partici-
pants with dementia dropped out or did not communi-
cate their dementia diagnosis to LBC1936 researchers 
during follow-up wave testing. Previous LBC1936 analy-
sis has found that those more likely to drop out were at 
higher risk of dementia and ill-health [7]. This includes 
those who dropped out after wave 1, who were all 
excluded from our study as they had not been asked to 
consent to medical data linkage. Therefore, our preva-
lence and incidence rates are likely to be conservative. 
Nevertheless, the addition of this new dementia diag-
nosis using medical data linkage adds great value to the 
LBC1936 dataset.

In total, 118/865 (13.6%) participants met the criteria 
for a diagnosis of probable dementia between the ages of 
69 and 85.5 years. The prevalence of dementia increased 
with age, and women had higher rates in nearly all age 
groups. The most common subtype was dementia due 
to Alzheimer disease (49.2%), followed by mixed Alzhei-
mer and cerebrovascular disease (17.0%), dementia of 
unknown or unspecified cause (16.1%), and dementia due 
to vascular disease (8.5%).

Comparison to literature
Our study’s all-cause dementia prevalence rates are com-
parable with other similar studies (community-based, 
similar demographics). For example, the prevalence rate 
for 75–79.9-year-olds in LBC1936 is 4.5% compared to 
the Framingham (3.6%) [15] and the Cognitive Func-
tion and Ageing Studies (CFAS) II (5.2% [males] and 
6.2% [females]) [2], the male-only Caerphilly Prospec-
tive Study (3.9%) [16] from Wales, a cohort from Sweden 
(5.7%) [17], and a meta-analysis (5.6%) [18]. It is worth 
highlighting, though, that participants in LBC1936 were 
all white and a recent study comparing the incidence 

of dementia among ethnic groups in the UK found that 
black people had a higher incidence of dementia (25—
28% higher) and Asian people had a lower incidence 
(12—18% lower), when compared with white people [19]. 
As such, our framework and estimates of the discrepancy 
between self-report and ascertained prevalence may not 
apply to samples with more diverse ancestries. Addi-
tional file 3 presents the age-specific all-cause dementia 
prevalence rates across similar community cohorts from 
neighbouring countries.

Our finding of increasing prevalence with age and 
higher prevalence in women is common in most dementia 
prevalence studies [2, 20–22]. While the dementia rates 
in LBC1936 in the younger age groups (65–74.9  years) 
are low, the absolute numbers of dementia diagnoses are 
small, so these prevalence rates should be interpreted 
cautiously. Similarly, we advise caution when interpret-
ing the prevalence rate of our 85–89.9 years age group. At 
the time of our study, the mean age of participants with 
dementia in the 85–89.9 years group is only 85.49 years 
old. Previous meta-analyses found that dementia rates 
double every five years [18, 20, 23], so it is reasonable 
to expect a large increase in dementia prevalence as 
the participants in the 85–89.9  years age group move 
towards the older end of the group over the next four to 
five years. Repeating this dementia ascertainment work 
in four of five years (with August 2022 as the start date, 
thus substantially reducing the workload) for the partici-
pants who have, until now, survived dementia-free, will 
likely yield many new dementia diagnoses. It is not only 
invaluable for research purposes but also aids under-
standing of the changing needs of participants for forth-
coming LBC1936 study appointments, some of whom are 
keen to still attend with dementia. The higher prevalence 
in women makes it critical that large prospective clini-
cal trials with dementia as the primary outcome include 
women and men in numbers adequate for the assessment 
of sex effects.

Exploring variation
There are many difficulties with comparing preva-
lence rates in different studies using different meth-
odological approaches. The diagnostic criteria for 
dementia and dementia subtypes have evolved since 
dementia population cohorts proliferated in the 1980s, 
making it especially difficult to compare estimates before 
this with newer ones [24]. Other methodological differ-
ences between studies also influence prevalence esti-
mates. For example, in the Framingham study, only those 
scoring below set cut-off scores on the MMSE were called 
back for further evaluation, thus increasing the likelihood 
that they will have dementia [15].
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The slightly lower prevalence rates in our study may 
be partly explained by a trend towards reduced rates in 
later-born cohorts. In two landmark studies in cognitive 
ageing from England, CFAS I and II, there was a marked 
reduction in dementia prevalence rates over the 20 years 
between data collection instances [2]. Later-born popu-
lations had a lower risk of prevalent dementia than 
those born earlier in the twentieth century. This finding 
was replicated in a representative panel study, the Eng-
lish Longitudinal Study of Ageing (ELSA), which found 
a decrease in age-specific prevalence [21]. Despite this, 
the ELSA study reported that the number of people with 
dementia in England and Wales is projected to increase 
by 57% from 2016 to 2040, mainly due to improved life 
expectancy [21].

Geography and socioeconomic status may also partly 
explain our slightly lower prevalence rates. The LBC1936 
is a relatively healthy self-selecting cohort from a more 
affluent area than most in Scotland; their early life cogni-
tive ability was higher, on average, than the general pop-
ulation [8], and it may be that dementia rates are lower 
in Lothian than in other areas of the country [7, 8]. The 
CFAS I and II studies detailed important analyses of the 
effect of geography on dementia incidence and preva-
lence and found that prevalence varies according to dep-
rivation indices in English localities [2].

Using multiple and varied data sources
The proportion of Alzheimer disease among demen-
tia diagnoses in our study (49.2%) is comparable to the 
Framingham (55.6%) [15] and Kungsholmen (53.7%) [17] 
studies.

Brain imaging results were available for 84% of the par-
ticipants diagnosed with dementia. This was particularly 
important to subtyping vascular dementia, when brain 
imaging is especially helpful [12]. Dementia was noted 
on the death certificates of 73.4% of those with dementia 
who had died. This is similar to a previous Scottish study 
that found dementia was noted on the death certificates 
of 71.5% of patients who died with dementia [25].

Strengths and limitations
A major strength of this study is the limited attrition bias 
as we reviewed the EHR of all participants from wave 2 
till the present (or their death). This is important, espe-
cially with an outcome like dementia, as participants 
with poorer cognitive ability are at a greater risk of loss 
to follow-up [26]. Several specialists were involved in 
reviewing the EHR and performing the home visits, and 
inter-rater variability was limited by having a clear proto-
col and a multidisciplinary consensus meeting including 
at least two people who had completed the EHR reviews. 
Our thorough EHR reviews combined with our system 

for flagging for home visit any participant presenting at 
wave 6 testing with evidence of cognitive dysfunction 
makes it very likely we captured anyone with concerns 
raised to the health service, or at LBC testing.

A limitation of the study was the inability to accu-
rately provide subtypes for all those (n = 118) who were 
diagnosed with dementia. This was mostly due to inad-
equate information recorded in the EHR for people who 
subsequently died (i.e., could not be assessed further by 
the study team). This reflects clinical practice in Scot-
land in the early 2000s, where subtypes were not always 
routinely recorded. Of note, no participants were diag-
nosed with frontotemporal dementia (FTD), whereas in 
recent dementia cohorts, FTD diagnoses have accounted 
for 1.6% to 6% of dementia diagnoses [27, 28]. However, 
these cohorts tended to include relatively younger adults 
(mean age 64 years [28]). A further limitation is that the 
home visits were only for a small selection of our cohort 
based on a specific set of criteria (outlined in methods 
section) applied to those who attended the latest follow-
up wave.

Implications
Our multidisciplinary approach to ascertaining dementia 
using multiple varied sources can serve as a framework 
and guide for other cohort teams wanting to ascertain 
dementia diagnoses. The estimated person-hours cal-
culation (Additional file 2) will inform those involved in 
resourcing such future undertakings. This newly ascer-
tained clinically robust dementia diagnosis will be inval-
uable for future research identifying risk factors and 
associations with dementia in this well-characterised 
cohort, and should be used instead of the self-report 
dementia diagnoses. The LBC1936 has five waves (sixth 
is underway, seventh is planned) of consistently meas-
ured cognitive, brain imaging, biomedical, psychosocial, 
and lifestyle data covering the ages of 70 – 86  years. It 
has, uniquely, a measure of intelligence at age 11. The 
latest data types in LBC1936 include: whole-genome 
sequencing, longitudinal DNA methylation, longitudinal 
gene expression, lipidomics, post-mortem brain tissue, 
induced pluripotent stem cells, inflammatory mark-
ers, oxidative stress markers, life course geographical 
information, objectively measured physical activity and 
sedentary behaviour [7]. This ensures a vast range of pos-
sibilities for future dementia research.

Conclusion
These dementia diagnoses for the well-characterised 
LBC1936 can be a foundation for future studies to con-
firm existing, and assess novel risk factors for dementia, 
and contribute to the rational basis for the development 
of new interventions to reduce incident dementia.
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6.3 Further discussion 

Using our diagnostic framework, we found that 118 of the 865 (13.6%) participants 

who were followed up between the ages of 70 years and 86 years had developed 

dementia. We found that dementia was more common in older people, especially 

women, and the most common type of dementia was due to Alzheimer disease 

(49.2%). We also found that, in the LBC1936, self-reported dementia diagnoses 

were positive in only 17.8% of clinically identified dementia diagnoses. This 

highlights the importance of using a robust clinical dementia outcome measure 

instead of relying on self-reported diagnoses. It justifies my decision to delay 

analysing the predictive ability of MCR for incident dementia until this robust 

dementia measure was ascertained. 

 

A major strength of the study is that the electronic health record (EHR) of every 

consenting participant in the comprehensively-phenotyped LBC1936 (n = 865) was 

reviewed by specialist Old Age Psychiatrists (experienced trainees specialising in the 

specialty) for any evidence of cognitive dysfunction. These EHR reviews were 

thorough – taking approximately 460 person-hours to complete in total – and 

involved accessing a wide range of health data sources for each participant. 

Ultimately, many dementias in the community remain undiagnosed.165 This makes it 

important that cohort studies have a system, like ours, of flagging individuals who 

merit clinical assessment for cognitive impairment, whether from concerns raised at 

the follow-up research waves, declining performance in cognitive tests, or some 

other warning sign.  

 

Strong evidence has emerged supporting the importance of addressing potentially 

modifiable risk factors for dementia.4 The 2020 update to the Lancet Commission on 

dementia highlighted the evidence for 12 potentially modifiable risk factors for 

dementia: low education, hypertension, hearing impairment, smoking, midlife 

obesity, depression, sedentariness, diabetes, social isolation, excessive alcohol 

consumption, head injury, and air pollution.4 Studying dementia outcomes in well-

characterised longitudinal cohorts like the LBC1936, where many of these modifiable 
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risk factors have been measured, is vital for confirming or challenging the literature 

base and for discovering novel risk factors for dementia.  

 

6.4 Chapter conclusions 

The study can serve as a guide for other researchers to identify dementia in cohort 

data. The new dementia outcome can help researchers understand more about what 

causes dementia as people age. When combined with the very rich information 

available in LBC1936, the study's findings can provide vital data for further 

exploration of predictors of dementia over a person's lifetime. Already, researchers 

from across the globe are analysing our new dementia measure in the LBC1936 to 

understand more about the identification of dementia risk and make more robust 

inferences about mechanisms.166 This includes my analysis of MCR as a predictor of 

dementia, which is reported in Chapter 7. The initial step of ascertaining this robust 

dementia outcome in LBC1936 was pivotal to the final empirical study of this thesis.  
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7. Motoric Cognitive Risk as a predictor of dementia

7.1 Chapter introduction

This chapter presents a study investigating the relationship between MCR and the 

development of dementia over a 10-year period in the LBC1936. The study also 

explored the nature of MCR progression and the underlying reasons for the various 

trajectories. MCR has been associated with an increased risk of dementia in many 

cohorts from across the globe but never in a Scottish cohort.24,30,56,167 This study 

harnesses the power of the recently identified robust dementia diagnoses in 

LBC1936. In addition, it explored the trajectories of individuals with MCR, an 

important aspect of MCR only explored in detail in one publication to date.106  

This key study of my PhD was a culmination of my prior research. This study aligns 

with my motivators for doing this research, as detailed in section 1.2. It explores the 

early identification of the greatest health and social care challenge of the 21st century 

(dementia)2 using a clinically useful entity that combines physical and cognitive 

markers (MCR), thus investigating research questions that directly relate to patients 

and clinicians.47 This research paper was an invited submission to the special issue 

“Cognitive and motor interactions and connections in aging and vascular disease” of 

the journal Cerebral Circulation – Cognition and Behaviour.89   

7.2 Published manuscript 

Motoric Cognitive Risk syndrome trajectories and incident dementia over 10 years 
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A B S T R A C T

Background: Motoric Cognitive Risk (MCR) syndrome is a high-risk state for adverse health outcomes in older 
adults characterised by measured slow gait speed and self-reported cognitive complaints. The recent addition to 
the Lothian Birth Cohort 1936 of robust dementia outcomes enabled us to assess the prognostic value of MCR for 
dementia and explore the various trajectories of participants diagnosed with MCR. 
Methods: We classified 680 community-dwelling participants free from dementia into non-MCR or MCR groups at 
mean [SD] age 76.3 [0.8] years. We used Cox and competing risk regression methods, adjusted for potential 
confounders, to evaluate the risk of developing all-cause incident dementia over 10 years of follow-up. 
Secondarily, we followed the trajectories for individuals with and without MCR at baseline and categorised 
them into subgroups based on whether MCR was still present at the next research wave, three years later. 
Results: The presence of MCR increased the risk of incident dementia (adjusted HR 2.34, 95%CI 1.14–4.78, p =
0.020), as did fewer years of education and higher depression symptoms. However, MCR has a heterogenous 
progression trajectory. The MCR progression subgroups each have different prognostic values for incident 
dementia. 
Conclusion: MCR showed similar prognostic ability for dementia in a Scottish cohort as for other populations. 
MCR could identify a target group for early interventions of modifiable risk factors to prevent incident dementia. 
This study illustrates the heterogeneous nature of MCR progression. Exploring the underlying reasons will be 
important work in future work.   

Introduction 

Dementia is a major global public health concern with no effective 
treatment. It is vital to focus on identifying the early predementia stage 
as this is when addressing modifiable risk factors and organizing future 
care may be most effective at reducing the impact of dementia [1]. 
Subjective cognitive complaints and slow walking speed are among the 
earliest reported findings in the pre-clinical stage of dementia, often 
detectable approximately 10 years before dementia diagnosis [2]. 

Motoric cognitive risk (MCR) is a predementia syndrome defined as 
objective slow gait speed and subjective cognitive complaint in func-
tionally independent individuals free of dementia [3]. Diagnosing MCR 
is quick, inexpensive, and simple to do, which gives it great potential 
clinical utility. Diagnosing MCR could also assist research trials with 
cohort recruitment and ultimately contribute to a reduction in the 
prevalence of dementia. Given that approximately 50 million people 
worldwide live with dementia, a number projected to triple over the 
next 30 years [4], even a small reduction in incidence or delaying the 
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age of onset could make a significant difference to patients, families and 
societies globally [5,6]. 

First defined by Verghese et al. [7], MCR demonstrates good prog-
nostic value as a high-risk state for developing dementia in many cohorts 
worldwide, but this has not yet been studied in a Scottish cohort [8–11]. 
As such, this study is important to test the replicability of previous as-
sociations between MCR and incident dementia and better understand 
their generalizability in different populations [12,13]. A robust clinical 
dementia identification process using electronic medical record linkage 
was recently completed in the Scottish ageing cohort, the Lothian Birth 
Cohort 1936 (LBC1936) [14]. This process identified 118 out of 865 
participants (13.6%) who were diagnosed with probable all-cause de-
mentia using the International Classification of Diseases-11 criteria 
[15]. This recent addition to the LBC1936 makes it possible for the first 
time to assess the prognostic value of MCR for dementia in this Scottish 
cohort. However, MCR is not an inevitable prelude to future dementia. 
The first study examining the transient nature of MCR found that 
different clinical characteristics were associated with different MCR 
subtypes (e.g. stable, new, transient) but that MCR is associated with 
incident dementia regardless of subtype [16]. Understanding the tra-
jectories of those diagnosed with MCR is crucial to fully appreciate its 
clinical utility as a predictor of dementia. 

Our study has the following aims:  

(i) to assess the prognostic value of MCR for incident dementia in a
Scottish cohort of older adults;

(ii) to explore the various trajectories of participants diagnosed with
MCR.

Methods 

Study design, setting and sample size 

This longitudinal prospective study used data from the Lothian Birth 
Cohort 1936 (LBC1936) study, which has been described in detail pre-
viously [17–19]. In summary, the LBC1936 recruited 1091 participants 
aged 70 years living in the Lothian region of Scotland, most of whom had 
completed an intelligence test at age 11 years. Waves of testing have 
been conducted every three years since then. Data are available for five 
waves (mean ages 70, 73, 76, 79 and 82 years). A sixth wave has recently 
finished – but data are not yet available – and a seventh wave is planned. 
Each wave consists of interviews, cognitive tests, questionnaires, blood 
tests, and physical measures, including gait speed measurement. At 
wave 2, participants were first asked for written consent for medical 
data linkage, which enabled the identification of dementia regardless of 
whether participants returned to later waves of the LBC1936 or not. 
LBC1936 has an almost equal sex split, and all participants are white. To 
minimise loss to follow-up between waves, the LBC1936 researchers 
re-contact those unable to attend a wave due to a temporary illness and 
see them at a later, more appropriate time [18]. The information 
necessary for deriving MCR was first collected at wave 3 in LBC1936 
(mean age 76 years, n = 697), which determined our starting sample 
size. 

Eligibility criteria 

We excluded participants receiving a dementia diagnosis within one 
year of their MCR categorization. This reduces the risk of detecting pre- 
existing rather than incident dementia when performing time-to-event 
analysis. We excluded one participant who did not give consent for 
medical data linkage. We excluded participants who were missing data 
in any MCR criteria. 

Outcome variable: incident dementia 

Clinicians recently diagnosed dementia and, where possible, 

dementia subtypes in the LBC1936 cohort based on the International 
Classification of Diseases-11 criteria [14]. This multi-step process 
involved (i) a thorough clinician review of the electronic health records 
of every LBC1936 participant that consented to medical data linkage, (ii) 
clinician assessment when there were concerns about a participant’s 
cognitive function, and (iii) a diagnostic review board meeting of de-
mentia experts. As the process for identifying dementia relies on linked 
medical data rather than LBC1936 testing, participants who dropped out 
of the study after wave 3 still have a dementia outcome. This markedly 
reduces the risk of attrition bias. The methods used to identify dementia 
in the LBC1936 are extremely comprehensive and involved accessing 
the full medical records of all consenting participants, including inpa-
tient and outpatient hospital letters, family physician letters, laboratory 
investigations, brain imaging, and death certificates [14]. Furthermore, 
participants flagged at LBC1936 wave testing as having possible cogni-
tive impairment were clinically assessed at home, regardless of whether 
or not cognitive impairment had been previously recorded in their 
medical records [14]. However, there is a possibility that some partici-
pants with dementia were missed if they did not present to health ser-
vices and dropped out of LBC testing [14]. This is difficult to overcome, 
and undiagnosed dementia is a major concern for communities, health 
services, researchers, and governments worldwide [20]. Due to our 
sample size, we analyzed all-cause dementia rather than dementia 
subtypes. 

MCR 

Our primary risk factor of interest was MCR, defined as originally 
proposed by Verghese et al. [7]. Using data previously collected in the 
LBC1936, we identified participants who fulfilled the following MCR 
criteria:  

1 Slow gait measured over 6 metres: ≥ 1 SD slower than sex and age- 
matched mean speed.  

2 Self-reported cognitive complaint: answered “Yes” to the question 
“Do you currently have any problems with your memory?”

3 Functional independence: <= 1.5 SD above the mean on the 
Townsend Disability Scale overall score (higher score equals greater 
disability) [21]. 

4 No dementia: does not self-report or have a formal diagnosis of de-
mentia and scores at least 24 on the Mini-Mental State Examination 
(MMSE) [22]. 

For our secondary analysis, we followed the participants from wave 3 
(our baseline) to wave 4 (three years later) to define subtypes of MCR: 
New MCR (no MCR at baseline but MCR after three years), Transient 
Improved MCR (MCR at baseline but no MCR after three years due to an 
improvement – no longer a slow walker or no longer reported cognitive 
complaint), Transient Impaired MCR (MCR at baseline but no MCR after 
three years due to deterioration – no longer functionally independent), 
and Stable MCR (MCR at baseline and after three years). This approach 
builds on a recent analysis of MCR subtypes [16]. We split the Transient 
MCR group into ‘improved’ and ‘impaired’ as these are markedly 
different outcomes, and it was important not to pool them. Finally, we 
defined a separate group of people who never developed MCR, Never 
MCR (no MCR at baseline and no MCR after three years). Defining our 
MCR subtypes after wave 4 (performed in 2016), rather than wave 5 
(performed in 2019), allowed for maximum follow-up duration for each 
MCR subgroup. It also ensured as large a sample as possible, as LBC1936 
has approximately 20% attrition between waves. 

Covariates 

Based primarily on available previously reported risk factors for 
MCR and dementia [5,11,23–27], we selected the following risk factors 
in our analysis: age, sex, years of education, body mass index (BMI 
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[kg/m2]), smoking status (current/ex/never), occupational social status 
(non-manual/manual), depression symptoms (Hospital Anxiety and 
Depression Scale), and sedentary lifestyle (self-reported physical activity 
level). The presence of self-reported stroke, hypertension, cardiovascu-
lar disease, diabetes, Parkinson’s disease, arthritis, leg pain, or neoplasia 
was used to calculate a summary multimorbidity index (scored 0 to 8) 
[2]. Self-reported physical activity levels were categorised into “Low”, 
“Medium”, and “High”, as detailed in Appendix 2. 

Statistical methods 

In our primary analysis, we summarized the baseline characteristics 
of participants with and without MCR using descriptive statistics. We 
used ANOVA (continuous variables) and Pearson χ2 tests or Fisher’s as 
appropriate (categorical variables) to assess characteristics associated 
with and without MCR. We used Kaplan-Meier estimates of survival 
functions to illustrate differences in dementia-free survival between 
participants with and without MCR. A log-rank test compared the cu-
mulative survival rates between those with and without MCR. To 
determine the effect of baseline MCR on incident dementia over a mean 
of 10 years follow-up, we used Cox proportional hazards models to 
compute adjusted hazard ratios (HR) with 95% confidence intervals 
(CI). To reduce bias in estimates of the influence of predictors, we also 
used the Fine-gray competing risk method to estimate the risk of de-
mentia when death was a competing risk [28,29]. For both time-to-event 
analysis methods, person-time variables were obtained by calculating 
the time between the wave 3 assessment date (i.e., when MCR was first 
derived, our study’s baseline) and the earliest of the following: (i) de-
mentia diagnosis date, (ii) death, or (iii) 18th August 2022 (i.e., the end 
of the LBC1936 dementia ascertainment period) [30] if the participant 
remained alive and dementia-free throughout the study follow-up. The 
follow-up range, in years, for each outcome was:  

(i) dementia – min 1.0, median 6.0, mean 5.9, max 10.3;  
(ii) death – min 0.2, median 5.8, mean 5.6, max 10.2 and;  

(iii) alive dementia-free – min 9.0, median 10.0, mean 10.0, max 11.1. 

The proportionality assumption of the models was examined 
graphically and statistically and found to be adequately met. All ana-
lyses are adjusted for age, sex, and education. Subsequent models 
adjusted for additional covariates. To account for the possibility that the 
findings may have been biased from missing data, we compared missing 
data distribution among participants with and without dementia. There 
is equal distribution. We also include a missing values map to illustrate 
the lack of any non-random missingness in the covariates (Appendix 1). 

For our secondary analysis, we used the same statistical approaches 
as for our primary analysis when describing and comparing the char-
acteristics of the MCR subgroups, and when doing time-to-event anal-
ysis. We also used Kaplan-Meier estimates of survival functions to 
illustrate differences in dementia-free survival between the MCR 
subgroups. 

All analyses were performed in R version 4.0.2, using the ‘finalfit’, 
‘survival’, and ‘cmprsk’ packages [29]. The reporting of this study 
conforms to the STROBE statement [31]. 

Results 

Participants 

At the LBC1936 study baseline, 1091 participants were initially 
recruited (49.8% female, mean [SD] age 69.5 [0.8] years). However, as 
the variables necessary to derive MCR were first measured at the six- 
year follow-up time point (wave 3), this became the baseline for our 
study (n = 697). We excluded one participant who did not consent to 
medical data linkage, six participants who developed dementia before 
wave 3, three participants who developed dementia less than one year 

after their wave 3 assessment, and seven participants missing data in one 
or more MCR criteria. A final total of 680 participants (48.3% female, 
mean [SD] age 76.2 [0.2] years) were included in our sample, giving a 
participation rate of eligible persons of 98% (680/697). The most 
common reasons for dropout in the LBC1936 are death, chronic in-
capacity, and permanent withdrawal [18]. Fig. 1 illustrates the partic-
ipant flow and reasons for non-participation in this study. 

After a mean of 10 years follow-up, 11.6% (n = 79/680) of the total 
cohort had developed dementia. MCR prevalence at wave 3 was 5.6% 
(95% CI 4.0–7.6; n = 38/680). Table 1 presents the characteristics of the 
study participants, comparing individuals who developed dementia with 
those who did not. MCR at baseline is a significant risk factor for 
developing dementia, as are fewer years of education and higher 
depression symptoms. There are no other significant differences in any 
demographic, socioeconomic, lifestyle, medical history, or physical or 
mental measures. 

Main results 

In older adults (average age of 76 years [SD 0.2]), the presence of 
MCR more than doubled the risk of incident dementia over the following 
10 years. This finding was consistent across the basic model (aHR 2.83, 
95% CI 1.41 to 5.67, p = 0.003), the fully adjusted Cox regression model 
(aHR 2.45, 1.15 to 5.22, p = 0.020), and the Fine-grey competing risk 
model (aHR 2.34, 1.14 to 4.78, p = 0.020). As expected, dementia was 
significantly associated with fewer formal years of education (p = 0.023) 
and higher mean depressive symptoms (p = 0.035). There was no sig-
nificant difference in average ages between those with and without 
dementia. 

The relationship over time between MCR and incident dementia is 
illustrated in Fig. 2, with an accompanying risk table. 

Table 2 presents the results of unadjusted and adjusted Cox- 
proportional regression models and an adjusted Fine-grey competing 
risk model. Dementia is the dependant variable, and MCR is the 
explanatory variable of interest. Potential confounders included in the 
adjusted models are presented in the table for completeness. 

Secondary analysis 

As a secondary analysis, we followed the trajectories of the in-
dividuals with and without MCR over the three years from wave 3 (our 
baseline) to wave 4. This identified the MCR subgroups: Stable MCR 
(still have MCR; n = 5), Transient Improved MCR (MCR at baseline but 
no MCR three years later due to an improvement – no longer a slow 
walker or no longer reported cognitive complaint), Transient Impaired 
MCR (MCR at baseline but no MCR three years later due to deterioration 
– no longer functionally independent), and New MCR (developed MCR; 
n = 22). We defined a fourth subgroup of those who never developed 
MCR at any time, Never MCR (n = 483). For clarity, the classification 
period for transitioning between MCR states was the three years be-
tween wave 3 (baseline) and wave 4. In comparison, the classification 
period for transitioning from MCR state to Dementia was a mean of 10 
years (maximum 11 years) – from baseline until the end of the LBC1936 
dementia ascertainment period (August 2022) [14]. Of note, 15 (39.5%) 
participants with MCR at wave 3 but not wave 4 had improved (Tran-
sient Improved MCR). 13 (87%) of these participants were no longer 
classed as slow walkers and 3 (20%) no longer had a subjective cognitive 
complaint (one participant improved on both measures; Appendix 3.1). 
3 (7.9%) participants with MCR at wave 3 but not wave 4 had deterio-
rated (Transient Impaired MCR) as they were no longer classified as 
functionally independent (one of the four MCR criteria; Appendix 3.2). 
The sample sizes of these MCR subgroups are small, so these findings 
should be interpreted with caution. 

Appendix 3 compares the characteristics of individuals with and 
without each MCR subgroup classification. These tables are in the 
appendices as most subgroups are too small for meaningful 
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interpretation. However, individuals in the largest subgroup, the Never 
MCR group (n = 483), were significantly more likely to be younger (p <
0.001), from a non-manual occupational background (p = 0.002), have 
fewer depressive symptoms (p = 0.016) and less likely to be sedentary 
(0.008), when compared with individuals who had MCR at any stage. 
Interestingly, over half of the Never MCR group still reported cognitive 
complaints at some stage, but less than one in 10 were classed as slow 
walkers at some stage. 

The MCR transition pathways are illustrated in Fig. 3. The thickness 
of the arrows in the illustration represents the proportion of participants 
transitioning from each starting state. 

Fig. 4 illustrates Kaplan-Meier estimates of dementia-free survival 
differences between the MCR subgroups and includes a number-at-risk 
table. The size of some groups, especially Transient Impaired MCR and 
Stable MCR, are small, so should be interpreted with caution. 

Table 4 presents our analysis of the MCR subgroups and the risk of 
dementia. We have included a caveat that they should be interpreted 
with caution due to the sample size. However, it is interesting to note the 
increasing hazard ratio for incident dementia when moving through the 
MCR subgroups of New MCR (aHR 1.08, 95% CI 0.29–4.05, p = 0.910), 
Transient Improved MCR (aHR 1.83 95% CI 0.53–6.32, p = 0.340), 
Stable MCR (aHR 4.38, 95% CI 1.43–13.44, p = 0.010), and finally 
Transient Impaired MCR (aHR 8.15 95% CI 1.37–48.60, p = 0.021). 

Discussion 

Key results 

In this community-based longitudinal study, we have demonstrated 
that MCR, the co-occurrence of slow gait and cognitive complaints, is 

Fig. 1. Flow chart of participants. Note: MCR, 
Motoric Cognitive Risk; LBC1936, the Lothian 
Birth Cohort 1936. Dementia was ascertained 
in LBC1936 from wave 2 until August 2022, 
using medical data linkage. Therefore, all 
participants included in our baseline (wave 3) 
have been assessed for dementia. Green 
shading illustrates our study period. Waves 5 
and 6 have now been completed but we did 
not require data from them (as we used 
medical data linkage), so have been excluded 
from the figure for clarity.   
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associated with a greater than two-fold increase in risk for incident 
dementia. This is similar to previous findings in different populations 
and reinforces the potential clinical utility of MCR within a Scottish 
context [6–8,32,33] Our finding remained robust after accounting for 

death in a competing risk regression. We believe ours is the first MCR 
study to use a competing risk approach to time-to-event analysis with 
dementia as the outcome. This is a strength of our work as it is crucial to 
account for the competing risk of death precluding dementia as our 
primary outcome of interest as our participants were, on average, 76 
years at baseline and were followed up for up to 10 years. That the effect 
size (aHR) is only slightly reduced after accounting for competing risk, 
in comparison to the Cox proportional hazards model, is possibly partly 
due to the healthy nature of the LBC1936 participants. Our study’s 
baseline was wave 3 of the LBC1936 study. Many participants who 
dropped out of LBC1936 by wave 3 (our baseline) were those who died 
or had poorer health [18]. Regardless, it is likely that our estimates are 
more accurate than MCR studies using traditional survival analysis 
methods alone, particularly in studies with an older population [28,34]. 

Of the potential confounders included, dementia was significantly 
associated with fewer formal years of education and higher mean 
depressive symptoms. Both have been consistently associated with an 
increased risk of incident MCR in the literature, with a recent meta- 
analysis reporting the following associations between MCR and educa-
tion (8 studies; OR 2.04, 95% CI 1.28 to 3.25) and depression (17 
studies; OR 2.19, 95% CI 1.65 to 2.9). We maintained the depression 
measure (HADS-D) as a continuous measure in our analysis, given that it 
is a symptom rather than a diagnostic scale. Our study found no dif-
ference in the average ages between those with and without dementia. 
This is likely due to the very narrow age spread amongst the LBC1936 
participants (SD 0.7 years), all of whom were born in 1936 [19]. 

Our secondary analysis illustrates the heterogeneous nature of MCR 
progression and highlights that not all older adults with MCR will follow 
a similar path. It is true that some of our secondary analysis results are 
based on small numbers and are of an explorative nature. Nonetheless, 
we found that being classed in either the New MCR or Transient 
Improved MCR subgroups did not significantly increase the risk of 
subsequent incident dementia. However, being classed as Stable MCR 
increased the risk of dementia four-fold and Transient Impaired MCR 
eight-fold, even after accounting for competing risks and adjusting for 
potential confounders. Crucially, though, only five participants were 
classed as having Stable MCR and three as having Transient Impaired 
MCR, so this finding is non-conclusive. Our finding that only some 
subgroups of MCR are associated with an increased incident dementia 
risk is in contrast to a recent paper which found that all MCR subgroups 
predicted incident dementia [16]. That study, however, grouped tran-
sient impaired and improved individuals together, potentially diluting 
the effect of both [16]. Further work exploring the important aspect of 
MCR trajectories, preferably using a large MCR consortium of cohorts, is 
merited, as both studies examining it to date have limited sample sizes. 
Ideally, cohorts with imaging data should be included to allow for the 
exploration of the biological mechanisms underpinning any differences 
between MCR subgroups, given their different risk profiles for dementia. 

The Transient Improved MCR group consisted of 15 participants with 
MCR at wave 3 who were classed as No MCR at wave 4. Interestingly, at 
wave 4, only three of these participants no longer had a subjective 
cognitive complaint, while 13 participants were no longer classed as 
slow walkers. One critique levelled at using the subjective cognitive 
complaint measure is that people may report a cognitive complaint one 
day but not the next, thus rendering it unreliable [35]. Our analysis, 
albeit on a small sample and therefore not conclusive, indicates this is 
unlikely the case in our cohort. That some individuals with MCR at 
baseline progressed beyond having MCR by way of losing functional 
independence is in keeping with a previously reported association be-
tween MCR and incident disability [8,36]. 

Participants who never developed MCR at any stage (Never MCR) 
were the largest subgroup (n = 483). Individuals in this group were 
significantly more likely to be younger, from a non-manual occupational 
background, have fewer depressive symptoms, and be more physically 
active when compared with individuals who had MCR at any stage 
(Appendix 3.5). Of note, over half of the Never MCR group reported 

Table 1 
Characteristics of study participants.    

Dementia No Dementia p   
n (%) n (%)  

MCR MCR 9 (11.4) 29 (4.8) 0.032  
No MCR 70 (88.6) 572 (95.2)  

Age, years Mean (SD) 76.2 (0.7) 76.2 (0.7) 0.259 
Sex Female 37 (46.2) 293 (48.5) 0.722  

Male 43 (53.8) 311 (51.5)  
Education, years Mean (SD) 10.6 (1.0) 10.8 (1.2) 0.023 
Occupational class Manual 17 (21.8) 118 (19.8) 0.654  

Non-manual 61 (78.2) 479 (80.2)  
Physical activity level Low 30 (37.5) 179 (29.6) 0.312  

Moderate 34 (42.5) 304 (50.3)   
High 14 (17.5) 110 (18.2)  

Smoking history Current 6 (7.5) 38 (6.3) 0.751  
Ex-smoker 31 (38.8) 255 (42.2)   
Never 43 (53.8) 311 (51.5)  

Depression, HADS-D Mean (SD) 3.4 (2.6) 2.8 (2.2) 0.035 
Multimorbidity index Mean (SD) 2.1 (1.3) 2.3 (1.3) 0.205 
BMI, kg/m2 Mean (SD) 27.4 (3.8) 27.8 (4.6) 0.481 

Note: MCR, Motoric Cognitive Risk; p, p-value; SD, Standard Deviation; HADS- 
D, Hospital Anxiety and Depression Scale - Depression; BMI, Body Mass Index; 
kg/m2, kilograms per metre squared. 
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Fig. 2. Kaplan-Meier survival curve for MCR and incident dementia over time, 
with accompanying risk table. Note: MCR; Motoric Cognitive Risk. The p-value 
is from a log-rank test that compared the cumulative survival rates between 
those with and without MCR. 
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cognitive complaints at some stage. This seemingly high rate of sub-
jective cognitive complaints is, in fact, lower than the rates commonly 
reported in older adults, where up to 88% of older adults in community 
settings have complained of memory problems [37]. Less than one in 10 
of the Never MCR subgroup were classed as slow walkers at any stage, 

indicating that slow gait has a good differential utility, complementing 
the more common subjective cognitive complaint measure. 

Context within the literature 

It is difficult to place the MCR trajectory analysis component of our 
study in context in the literature beyond the already referenced only 
other study to analyse MCR trajectories [16]. However, Mild Cognitive 
Impairment (MCI) is a predementia syndrome that has been studied 
more and over a longer period, including analyses of MCI trajectories 
[38]. As MCI and MCR are both predementia syndromes sharing similar 
operational constructs, it is no surprise that individuals with MCR follow 
similar trajectories to those reported in the MCI literature [38,39]. A 
recent study of the bidirectional transitions of MCI (reversion and pro-
gression) in 6651 participants used a multistate modelling approach to 
estimate instantaneous transition intensity between the states and 
transition probabilities from one state to another at any given time 
during follow-up [39]. The authors found that post-reversion partici-
pants remained at an increased risk of progression to MCI or dementia 
over the longer term and experience recurrent reversions [39]. If the 
LBC1936 were a larger dataset, we would have liked to use multistate 
modelling approaches in our study to analyse if the same were true of 
our data. Fig. 3 is a typical image used in multistate modelling 

Table 2 
Risk of incident dementia with motoric cognitive risk syndrome.    

n (%) HR (DSS CPH unadjusted) HR (DSS CPH adjusted) HR (competing risks adjusted) 
Dementia  79 (11.6)    

MCR MCR 38 (5.6) 2.83 (1.41–5.67, p = 0.003) 2.45 (1.15–5.22, p = 0.020) 2.34 (1.14–4.78, p = 0.020)  
No MCR 642 (94.4) – – – 

Age, years Mean (SD) 76.2 (0.7) 1.14 (0.81–1.62, p = 0.454) 0.97 (0.66–1.42, p = 0.872) 0.91 (0.62–1.33, p = 0.610) 
Sex Female 330 (48.2) – – –  

Male 354 (51.8) 1.23 (0.79–1.91, p = 0.358) 1.31 (0.79–2.17, p = 0.299) 1.22 (0.73–2.03, p = 0.450) 
Education, years Mean (SD) 10.8 (1.1) 0.78 (0.63–0.96, p = 0.017) 0.73 (0.58–0.93, p = 0.011) 0.73 (0.57–0.93, p = 0.011) 
Occupational class Non-manual 540 (80.0) – – –  

Manual 135 (20.0) 1.30 (0.76–2.22, p = 0.342) 0.76 (0.39–1.47, p = 0.418) 0.74 (0.39–1.40, p = 0.350) 
Multimorbidity index Mean (SD) 2.3 (1.3) 0.95 (0.79–1.13, p = 0.568) 0.91 (0.75–1.10, p = 0.335) 0.86 (0.71–1.03, p = 0.110) 
Depression, HADS-D Mean (SD) 2.8 (2.3) 1.15 (1.05–1.25, p = 0.002) 1.11 (1.01–1.21, p = 0.036) 1.10 (1.00–1.21, p = 0.039) 
BMI, kg/m2 Mean (SD) 27.7 (4.5) 0.98 (0.93–1.04, p = 0.532) 0.96 (0.91–1.02, p = 0.152) 0.96 (0.92–1.01, p = 0.150) 
Physical activity level High 124 (18.5) – – –  

Low 209 (31.1) 1.40 (0.74–2.65, p = 0.295) 1.19 (0.60–2.37, p = 0.621) 1.22 (0.62–2.43, p = 0.570)  
Moderate 338 (50.4) 0.89 (0.48–1.65, p = 0.705) 0.82 (0.43–1.55, p = 0.543) 0.82 (0.43–1.55, p = 0.530) 

Smoking history Never 354 (51.8) – – –  
Current 44 (6.4) 1.80 (0.77–4.24, p = 0.178) 1.27 (0.50–3.23, p = 0.614) 0.82 (0.32–2.10, p = 0.680)  
Ex-smoker 286 (41.8) 0.96 (0.60–1.52, p = 0.862) 1.02 (0.62–1.67, p = 0.945) 0.95 (0.60–1.53, p = 0.850) 

Note: N, total number; HR, Hazard Ratio; DSS, Disease-Specific Status; CPH, Cox Proportional Hazards; p, p-value; SD, Standard Deviation; HADS-D, Hospital Anxiety 
and Depression Scale - Depression; BMI, Body Mass Index; kg/m2, kilograms per metre squared. 
Dotted horizontal line highlights MCR as the key variable of interest. Covariates are included for completeness. 

Table 3 
Details of each motoric cognitive risk transition state.  

Transition label Pathway N % 

Never MCR No MCR to No MCR 483/642 75.2 
New MCR No MCR to MCR 22/642 3.4 
Stable MCR MCR to MCR 5/38 13.2 
Transient Improved MCR* MCR to No MCR 15/38 39.5 
Transient Impaired MCR^ MCR to No MCR 3/38 7.9 
MCR Dementia MCR to Dementia 9/38 23.7 
No MCR Dementia No MCR to Dementia 70/642 10.9 

Note: N, Total number;%, percentage of total number; MCR, Motoric Cognitive 
Risk. 

* Transient Improved MCR subgroup participants were either no longer 
classed as slow walkers or no longer reported subjective cognitive complaints (or 
both). 

^ Transient Impaired MCR subgroup participants were no longer functionally 
independent (one of the MCR criteria). 

DementiaNo MCR

MCR

Fig. 3. Transitions between MCR states over three years and dementia over ten years. Ovals specify possible states. Arrows specify possible transitions between 
states. Arrow thickness represents the proportion of each starting state transitioning to a different state. Transition arrows between No MCR and MCR (and vice-versa) 
states represent occurrences between baseline (wave 3) and three-year follow-up (wave 4). Follow-up for the dementia outcome was over a mean of 10 years. 
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approaches to illustrate the state structure and possible transitions, 
adapted for our study to account for the smaller sample size. 

Limitations 

A further limitation of our data includes the risk of attrition bias. 
Despite the best efforts of the LBC1936 research team to minimise the 
dropout rate, it is approximately 20% between waves. This resulted in a 
37% reduction in participants over the six years between wave 1 and 
wave 3, when MCR was first derived. This dropout rate, although 

substantial, remains within the acceptable limit suggested by interna-
tional quality assessment bodies [40]. Only 17 of the 697 (2.4%) 
available participants were excluded, for reasons detailed in Fig. 1. This 
high participation rate helps alleviate any selection bias concerns. The 
robust dementia outcome now available in LBC1936 uses medical data 
linkage for follow-up, which all but negates any risk of attrition bias for 
that outcome. Nevertheless, our sample size remains small. Our findings 
would engender more confidence if replicated in a larger cohort or in a 
cohort with a higher prevalence of MCR. 

Fig. 4. Kaplan-Meier survival curve for MCR subgroups and incident dementia over time, with accompanying risk table. Note: MCR, Motoric Cognitive Risk. Tr, 
Transient. The p-value is from a log-rank test of the trend of the cumulative survival rates. Subgroups were defined by following the trajectories of participants 
between baseline (wave 3) and three-year follow-up (wave 4). 

Table 4 
Motoric cognitive risk subgroups and risk of incident dementia.     

CPH CPH CRR 
MCR subgroup* Eligible sample, N (%) Incident dementia, N (%) Unadjusted HR (95% CI), p-value Adjusted HR (95% CI), p-value Adjusted HR (95% CI), p-value 

Never MCR 483 (89.0) 50 (10.3) 0.40 (0.22–0.76, p = 0.005) 0.48 (0.23–0.99, p = 0.046) 0.52 (0.25–1.09, p = 0.084) 
New MCR 22 (4.0) 3 (13.6) 1.24 (0.39–3.94, p = 0.720) 1.02 (0.31–3.41, p = 0.971) 1.08 (0.29–4.05, p = 0.910) 
Transient 

Improved 
15 (2.2) 3 (20) 1.97 (0.62–6.26, p = 0.249) 1.76 (0.54–5.78, p = 0.348) 1.83 (0.53–6.32, p = 0.340) 

Stable MCR 5 (0.7) 3 (60) 6.70 (2.11–21.28, p = 0.001) 3.53 (0.92–13.56, p = 0.066) 4.38 (1.43–13.44, p = 0.010) 
Transient Impaired 3 (0.4) 1 (33) 2.78 (0.39–20.04, p = 0.310) 6.57 (0.78–55.19, p = 0.083) 8.15 (1.37–48.60, p = 0.021) 

Note: CPH, Cox Proportional Hazards; HR, Hazard Ratio; CI, Confidence Interval; CRR, Competing Risk Regression; MCR, Motoric Cognitive Risk; p, P-value. The 
percentage in the incident dementia column is in relation to the number in the subgroup. These results should be interpreted with caution as the size of some subgroups, 
especially Stable MCR, is very small. 

* The reference for comparison is No MCR at wave 3. The final two groups in Table 3 (‘MCR Dementia’ & ‘No MCR Dementia’) are not subgroups for inclusion in the
analysis, they are included in Table 3 to show the wave 3 MCR status for those who transitioned to Dementia. 
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Implications and generalizability 

Our findings have several implications. First, if the association be-
tween MCR and incident dementia reflects a causal link, health and 
social policy measures which target the modifiable risk factors of MCR in 
early to mid-life might reduce the numbers of individuals transitioning 
to MCR and then to dementia. Meta-analyzes of risk factors for MCR 
have identified several targets which are also associated with increased 
dementia risk [5,11,24]. These would be a good starting point and 
include: diabetes (21 studies; OR 1.50, 95%CI 1.37 to 1.64), hyperten-
sion (21 studies; OR 1.20, 95% CI 1.08 to 1.33), stroke (16 studies; OR 
2.03, 95% CI 1.70 to 2.42), heart disease (7 studies; OR 1.45, 95% CI 
1.13 to 1.86), coronary artery disease (5 studies; OR 1.49, 95% CI1.16 to 
1.91), smoking (13 studies; OR 1.28, 95% CI 1.04 to 1.58), and obesity 
(12 studies; OR 1.34, 95% CI 1.13 to 1.59) [24]. Second, now that MCR 
has been described and associated with incident dementia in a Scottish 
cohort, consideration should be given to incorporating its use into brain 
health clinics in Scotland. Given the ease of identifying MCR, this would 
likely only entail adding a brief walking speed assessment during brain 
health clinics, as subjective cognitive complaints and functional ability 
are already routinely assessed. However, to determine whether an in-
dividual is a slow walker, it is imperative to first determine robust na-
tional age- and sex-matched slow gait speed cut-offs. This is an 
important next step. Third, our findings that higher depressive symp-
toms are a risk factor for dementia reinforce previous research which 
linked depression to both MCR and dementia [23,24,33,41,42]. As a 
modifiable risk factor, depression could be a target for any future trials 
assessing if preventing MCR leads to a reduction in incident dementia. 

When applying our findings to other populations, it is important to 
note that the LBC1936 is not a nationally representative sample. The 
participants in LBC1936 have a higher average number of years of ed-
ucation and better general physical fitness than the Scottish population 
[18]. Participants are also all white [18]. 

Conclusion 

In conclusion, our prospective study provides further support that 
the clinical syndrome, MCR, identifies older individuals at high risk for 
transitioning to dementia. Identifying MCR is recommended for early 
detection and instituting preventative measures for reducing the risk of 
dementia. Our secondary analysis illustrates the heterogeneous nature 
of MCR progression. MCR subtype status influenced its association with 
incident dementia, with the Stable MCR and Transient Impaired MCR 
subgroups identifying high-risk individuals, while the Transient 
Improved MCR and New MCR subgroups did not. This subtyping data is 
preliminary, and it will be important that future work confirms it in 
larger datasets or, preferably, in multiple cohorts. 
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Appendix 1. Illustration of the missing values map for each covariate

Note: each blue line indicates a missing variable for one participant. There is no obvious pattern to any missingness, indicating data is more likely 
to be missing at random. 

Appendix 2. Categorisation of the physical activity level variable 

The original self-reported physical activity levels codes in LBC1936 are:  

1 = moving only in connection with necessary household chores;  
2 = walking or other outdoor activities 1–2 times per week;  
3 = walking or other outdoor activities several times per week;  
4 = exercising 1–2 times per week to the point of perspiring and heavy breathing;  
5 = exercising several times per week to the point of perspiring and heavy breathing;  
6 = keep fit/heavy exercise or competitive sport several times weekly. 

To improve the distribution and reduce the spread of data for our model, we categorized self-reported physical activity levels 1 and 2 into “Low”, 3 
and 4 into “Medium”, and 5 and 6 into “High”. 

Appendix 3. MCR subgroups – demographics tables and time-to-event models for each subgroup 

Appendix 3.1. Transient improved MCR subgroup demographics  

Label Levels No Transient improved Transient improved Total p 

Total N (%)  652 (97.8) 15 (2.2) 667  
ageyears_w4 Mean (SD) 79.3 (0.6) 79.7 (0.5) 79.3 (0.6) 0.004 
Sex.factor Female 314 (48.2) 5 (33.3) 319 (47.8) 0.303  

Male 338 (51.8) 10 (66.7) 348 (52.2)   
(Missing) 0 (0.0) 0 (0.0) 0 (0.0)  

(continued on next page) 
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(continued )

Label Levels No Transient improved Transient improved Total p 

yrsedu_w1 Mean (SD) 10.8 (1.1) 10.5 (1.0) 10.8 (1.1) 0.301 
Social.factor.collapsed Non-manual 518 (79.4) 10 (66.7) 528 (79.2) 0.191  

Manual 125 (19.2) 5 (33.3) 130 (19.5)   
(Missing) 9 (1.4) 0 (0.0) 9 (1.3)  

comorbidity _w4 Mean (SD) 1.9 (1.5) 2.0 (1.0) 1.9 (1.5) 0.930 
HADS_D_w4 Mean (SD) 3.0 (2.3) 3.3 (2.6) 3.0 (2.3) 0.582 
bmi_w4 Mean (SD) 27.3 (4.5) 27.9 (4.6) 27.3 (4.5) 0.619 
phyactiv.factor_w3 High 119 (18.3) 2 (13.3) 121 (18.1) 0.778  

Low 195 (29.9) 6 (40.0) 201 (30.1)   
Moderate 326 (50.0) 7 (46.7) 333 (49.9)   
(Missing) 12 (1.8) 0 (0.0) 12 (1.8)  

Smoking.factor.w4 Current 20 (3.9)  20 (3.8) 0.689  
Ex-smoker 219 (42.4) 5 (33.3) 224 (42.1)   
Never 278 (53.8) 10 (66.7) 288 (54.1)  

Memprob.factor.w4 Memory prob 292 (58.3) 11 (78.6) 303 (58.8) 0.171  
No memory prob 209 (41.7) 3 (21.4) 212 (41.2)  

Slow.factor.w4 Not slow 434 (85.8) 13 (86.7) 447 (85.8) 1.000  
Slow 72 (14.2) 2 (13.3) 74 (14.2)   

Appendix 3.2. Transient impaired MCR subgroup demographics  

label levels No Transient impaired Transient impaired Total p 

Total N (%)  664 (99.6) 3 (0.4) 667  
ageyears_w4 Mean (SD) 79.3 (0.6) 79.8 (0.3) 79.3 (0.6) 0.144 
Sex.factor Female 318 (47.9) 2 (66.7) 320 (48.0) 0.610  

Male 346 (52.1) 1 (33.3) 347 (52.0)  
yrsedu_w1 Mean (SD) 10.8 (1.1) 11.0 (0.0) 10.8 (1.1) <0.001 
Social.factor.collapsed Manual 127 (19.4) 2 (100.0) 129 (19.6) 0.038  

Non-manual 529 (80.6)  529 (80.4)  
comorbidity_w4 Mean (SD) 1.9 (1.5) 2.0 (1.0) 1.9 (1.5) 0.930 
HADS_D_w4 Mean (SD) 2.9 (2.3) 8.3 (6.1) 3.0 (2.3) 0.266 
bmi_w4 Mean (SD) 27.4 (4.5) 24.3 (1.5) 27.3 (4.5) 0.065 
phyactiv.factor_w3 Low 199 (30.0) 2 (66.7) 201 (30.1) 0.588  

Moderate 332 (50.0) 1 (33.3) 333 (49.9)   
High 120 (18.1) 0 (0.0) 120 (18.0)   
(Missing) 13 (2.0) 0 (0.0) 13 (1.9)  

Smoking.factor.w4 Current 20 (3.8) 1 (33.3) 21 (3.9) 0.060  
Ex-smoker 223 (42.2)  223 (41.9)   
Never 286 (54.1) 2 (66.7) 288 (54.1)  

Memprob.factor.w4 Memory prob 298 (58.2) 3 (100.0) 301 (58.4) 0.270  
No memory prob 214 (41.8)  214 (41.6)  

Slow.factor.w4 Not slow 448 (86.3)  448 (86.0) 0.019  
Slow 71 (13.7) 2 (100.0) 73 (14.0)   

Appendix 3.3. New MCR subgroup demographics  

label levels No New MCR New MCR Total p 

Total N (%)  524 (96.0) 22 (4.0) 546  
ageyears_w4 Mean (SD) 79.3 (0.6) 79.6 (0.6) 79.3 (0.6) 0.022 
Sex Female 258 (49.2) 11 (50.0) 269 (49.3) 1.000  

Male 266 (50.8) 11 (50.0) 277 (50.7)   
(Missing) 0 (0.0) 0 (0.0) 0 (0.0)  

Education, years Mean (SD) 10.9 (1.2) 10.7 (1.2) 10.9 (1.2) 0.477 
Occupational class Non-manual 422 (80.5) 17 (77.3) 439 (80.4) 0.574  

Manual 93 (17.7) 5 (22.7) 98 (17.9)   
(Missing) 9 (1.7) 0 (0.0) 9 (1.6)  

comorbidity_w4 Mean (SD) 2.4 (1.3) 2.7 (1.1) 2.4 (1.3) 0.181 
HADS_D_w4 Mean (SD) 2.9 (2.3) 3.8 (2.2) 3.0 (2.3) 0.096 
bmi_w4 Mean (SD) 27.3 (4.5) 28.9 (5.8) 27.4 (4.5) 0.204 
Physical activity level High 100 (19.1) 7 (31.8) 107 (19.6) 0.140  

Low 150 (28.6) 8 (36.4) 158 (28.9)   
Moderate 263 (50.2) 7 (31.8) 270 (49.5)   
(Missing) 11 (2.1) 0 (0.0) 11 (2.0)  

Smoking.factor.w4 Current 19 (3.7) 2 (9.1) 21 (3.9) 0.226  
Ex-smoker 218 (42.7) 7 (31.8) 225 (42.2)   
Never 274 (53.6) 13 (59.1) 287 (53.8)  

Memprob.factor.w4 Memory prob 280 (56.7) 22 (100.0) 302 (58.5) <0.001  
No memory prob 214 (43.3)  214 (41.5)  

Slow.factor.w4 Not slow 448 (89.6)  448 (85.8) <0.001  
Slow 52 (10.4) 22 (100.0) 74 (14.2)  
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Appendix 3.4. Stable MCR Demographics Table  

label levels No Stable MCR Stable MCR p 

ageyears_w4 Mean (SD) 79.3 (0.6) 79.5 (0.5) 0.533 
Sex Female 317 (47.8) 4 (80.0) 0.200  

Male 346 (52.2) 1 (20.0)   
(Missing) 0 (0.0) 0 (0.0)  

Education, years Mean (SD) 10.8 (1.1) 10.4 (1.5) 0.581 
Occupational class Non-manual 527 (79.5) 3 (60.0) 0.254  

Manual 127 (19.2) 2 (40.0)   
(Missing) 9 (1.4) 0 (0.0)  

comorbidity_w4 Mean (SD) 1.9 (1.5) 2.2 (1.3) 0.679 
HADS_D_w4 Mean (SD) 3.0 (2.3) 4.2 (3.0) 0.415 
bmi_w4 Mean (SD) 27.4 (4.5) 25.5 (4.2) 0.386 
Physical activity level High 120 (18.1) 0 (0.0) 0.405  

Low 198 (29.9) 3 (60.0)   
Moderate 332 (50.1) 2 (40.0)   
(Missing) 13 (2.0) 0 (0.0)  

Smoking.factor.w4 Current 20 (3.8) 1 (20.0) 0.241  
Ex-smoker 222 (42.0) 2 (40.0)   
Never 286 (54.2) 2 (40.0)  

Memprob.factor.w4 Memory prob 296 (58.0) 5 (100.0) 0.079  
No memory prob 214 (42.0)   

Slow.factor.w4 Not slow 448 (86.8)  <0.001  
Slow 68 (13.2) 5 (100.0)   

Appendix 3.5. Never MCR Demographics Table  

label levels MCR at any stage Never MCR p 

ageyears_w4 Mean (SD) 79.6 (0.5) 79.3 (0.6) <0.001 
Sex Female 30 (50.0) 236 (48.9) 0.892  

Male 30 (50.0) 247 (51.1)   
(Missing) 0 (0.0) 0 (0.0)  

Education, years Mean (SD) 10.6 (1.1) 10.9 (1.2) 0.093 
Occupational class Non-manual 39 (65.0) 397 (82.2) 0.002  

Manual 20 (33.3) 78 (16.1)   
(Missing) 1 (1.7) 8 (1.7)  

comorbidity_w4 Mean (SD) 1.9 (1.4) 2.4 (1.3) 0.017 
HADS_D_w4 Mean (SD) 3.9 (2.9) 2.9 (2.3) 0.016 
bmi_w4 Mean (SD) 27.9 (5.1) 27.3 (4.5) 0.399 
Physical activity level High 13 (21.7) 94 (19.5) 0.008  

Low 27 (45.0) 130 (26.9)   
Moderate 20 (33.3) 249 (51.6)   
(Missing) 0 (0.0) 10 (2.1)  

Smoking.factor.w4 Current 4 (8.5) 16 (3.3) 0.120  
Ex-smoker 16 (34.0) 207 (42.9)   
Never 27 (57.4) 260 (53.8)  

Memprob.factor.w4 Memory prob 43 (93.5) 259 (55.3) <0.001  
No memory prob 3 (6.5) 209 (44.7)  

Slow.factor.w4 Not slow 13 (28.3) 434 (91.6) <0.001  
Slow 33 (71.7) 40 (8.4)   

Appendix 3.6. Transient Improved MCR time-to-event model  

Dependant: survival  all hr (dss cph univariable) hr (dss cph multivariable) hr (competing risks multivariable) 

Transient MCR improved No Transient improved 652 (97.8) – – –  
Transient improved 15 (2.2) 1.97 (0.62–6.26, p = 0.249) 1.76 (0.54–5.78, p = 0.348) 1.83 (0.53–6.32, p = 0.340) 

ageyears_w3 Mean (SD) 76.2 (0.7) 1.14 (0.81–1.62, p = 0.454) 1.08 (0.74–1.57, p = 0.683) 1.02 (0.70–1.47, p = 0.920) 
Sex.factor Female 330 (48.2) – – –  

Male 354 (51.8) 1.23 (0.79–1.91, p = 0.358) 1.30 (0.79–2.16, p = 0.304) 1.22 (0.74–2.02, p = 0.440) 
yrsedu_w1 Mean (SD) 10.8 (1.1) 0.78 (0.63–0.96, p = 0.017) 0.73 (0.57–0.92, p = 0.008) 0.72 (0.57–0.92, p = 0.009) 
Social.factor.collapsed Non-manual 540 (80.0) – – –  

Manual 135 (20.0) 1.30 (0.76–2.22, p = 0.342) 0.86 (0.45–1.65, p = 0.657) 0.81 (0.43–1.53, p = 0.510) 
comorbidity_w3 Mean (SD) 2.3 (1.3) 0.95 (0.79–1.13, p = 0.568) 0.94 (0.77–1.14, p = 0.510) 0.89 (0.74–1.07, p = 0.220) 
hadsd_w3 Mean (SD) 2.8 (2.3) 1.15 (1.05–1.25, p = 0.002) 1.14 (1.03–1.25, p = 0.008) 1.12 (1.02–1.24, p = 0.014) 
bmi_w3 Mean (SD) 27.7 (4.5) 0.98 (0.93–1.04, p = 0.532) 0.96 (0.91–1.02, p = 0.195) 0.96 (0.92–1.01, p = 0.160) 
phyactiv.factor_w3 High 124 (18.5) – – –  

Low 209 (31.1) 1.40 (0.74–2.65, p = 0.295) 1.23 (0.62–2.45, p = 0.559) 1.29 (0.65–2.55, p = 0.460) 

(continued on next page) 
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(continued )

Dependant: survival  all hr (dss cph univariable) hr (dss cph multivariable) hr (competing risks multivariable)  

Moderate 338 (50.4) 0.89 (0.48–1.65, p = 0.705) 0.81 (0.43–1.54, p = 0.529) 0.81 (0.43–1.53, p = 0.520) 
Smoking.factor.w3 Never 354 (51.8) – – –  

Current 44 (6.4) 1.80 (0.77–4.24, p = 0.178) 1.13 (0.43–3.01, p = 0.806) 0.70 (0.26–1.88, p = 0.480)  
Ex-smoker 286 (41.8) 0.96 (0.60–1.52, p = 0.862) 0.97 (0.59–1.60, p = 0.918) 0.94 (0.59–1.51, p = 0.810)  

Appendix 3.7. Transient impaired time-to-event model  

Dependant: survival  all hr (dss cph univariable) hr (dss cph multivariable) hr (competing risks multivariable) 

Transient MCR impaired No Transient impaired 664 (99.6) – – –  
Transient impaired 3 (0.4) 2.78 (0.39–20.04, p = 0.310) 6.57 (0.78–55.19, p = 0.083) 8.15 (1.37–48.60, p = 0.021) 

ageyears_w3 Mean (SD) 76.2 (0.7) 1.14 (0.81–1.62, p = 0.454) 1.10 (0.76–1.60, p = 0.609) 1.04 (0.72–1.50, p = 0.850) 
Sex.factor Female 330 (48.2) – – –  

Male 354 (51.8) 1.23 (0.79–1.91, p = 0.358) 1.33 (0.80–2.21, p = 0.269) 1.23 (0.75–2.02, p = 0.400) 
yrsedu_w1 Mean (SD) 10.8 (1.1) 0.78 (0.63–0.96, p = 0.017) 0.71 (0.56–0.91, p = 0.006) 0.71 (0.56–0.91, p = 0.006) 
Social.factor.collapsed Non-manual 540 (80.0) – – –  

Manual 135 (20.0) 1.30 (0.76–2.22, p = 0.342) 0.76 (0.39–1.49, p = 0.423) 0.71 (0.36–1.37, p = 0.300) 
comorbidity_w3 Mean (SD) 2.3 (1.3) 0.95 (0.79–1.13, p = 0.568) 0.93 (0.77–1.13, p = 0.494) 0.88 (0.73–1.07, p = 0.210) 
hadsd_w3 Mean (SD) 2.8 (2.3) 1.15 (1.05–1.25, p = 0.002) 1.13 (1.03–1.25, p = 0.010) 1.12 (1.02–1.24, p = 0.018) 
bmi_w3 Mean (SD) 27.7 (4.5) 0.98 (0.93–1.04, p = 0.532) 0.96 (0.91–1.02, p = 0.206) 0.96 (0.92–1.02, p = 0.170) 
phyactiv.factor_w3 High 124 (18.5) – – –  

Low 209 (31.1) 1.40 (0.74–2.65, p = 0.295) 1.21 (0.60–2.42, p = 0.595) 1.27 (0.64–2.52, p = 0.500)  
Moderate 338 (50.4) 0.89 (0.48–1.65, p = 0.705) 0.82 (0.43–1.55, p = 0.536) 0.81 (0.43–1.52, p = 0.510) 

Smoking.factor.w3 Never 354 (51.8) – – –  
Current 44 (6.4) 1.80 (0.77–4.24, p = 0.178) 1.04 (0.38–2.82, p = 0.938) 0.67 (0.26–1.71, p = 0.400)  
Ex-smoker 286 (41.8) 0.96 (0.60–1.52, p = 0.862) 0.93 (0.56–1.52, p = 0.766) 0.90 (0.56–1.46, p = 0.680)  

Appendix 3.8. New MCR time-to-event model  

Dependant: survival  all hr (dss cph univariable) hr (dss cph multivariable) hr (competing risks multivariable) 

New MCR No New MCR 524 (96.0) – – –  
New MCR 22 (4.0) 1.24 (0.39–3.94, p = 0.720) 1.02 (0.31–3.41, p = 0.971) 1.08 (0.29–4.05, p = 0.910) 

Age, years Mean (SD) 76.2 (0.7) 1.14 (0.81–1.62, p = 0.454) 1.12 (0.73–1.71, p = 0.613) 1.03 (0.66–1.60, p = 0.910) 
Sex Female 330 (48.2) – – –  

Male 354 (51.8) 1.23 (0.79–1.91, p = 0.358) 1.03 (0.58–1.83, p = 0.910) 0.98 (0.55–1.76, p = 0.950) 
Education, years Mean (SD) 10.8 (1.1) 0.78 (0.63–0.96, p = 0.017) 0.76 (0.58–0.98, p = 0.037) 0.76 (0.59–0.98, p = 0.033) 
Occupational class Non-manual 540 (80.0) – – –  

Manual 135 (20.0) 1.30 (0.76–2.22, p = 0.342) 1.17 (0.56–2.42, p = 0.678) 1.14 (0.54–2.38, p = 0.730) 
comorbidity_w3 Mean (SD) 2.3 (1.3) 0.95 (0.79–1.13, p = 0.568) 0.91 (0.73–1.13, p = 0.397) 0.88 (0.73–1.07, p = 0.210) 
Depression, HADS-D Mean (SD) 2.8 (2.3) 1.15 (1.05–1.25, p = 0.002) 1.10 (0.99–1.23, p = 0.074) 1.11 (0.99–1.24, p = 0.070) 
BMI, kg/m2 Mean (SD) 27.7 (4.5) 0.98 (0.93–1.04, p = 0.532) 0.96 (0.90–1.03, p = 0.238) 0.96 (0.91–1.02, p = 0.200) 
Physical activity level High 124 (18.5) – – –  

Low 209 (31.1) 1.40 (0.74–2.65, p = 0.295) 1.26 (0.58–2.72, p = 0.562) 1.23 (0.57–2.66, p = 0.590)  
Moderate 338 (50.4) 0.89 (0.48–1.65, p = 0.705) 0.82 (0.41–1.65, p = 0.582) 0.84 (0.43–1.64, p = 0.600) 

Smoking history Never 354 (51.8) – – –  
Current 44 (6.4) 1.80 (0.77–4.24, p = 0.178) 1.75 (0.57–5.39, p = 0.328) 1.55 (0.47–5.17, p = 0.470)  
Ex-smoker 286 (41.8) 0.96 (0.60–1.52, p = 0.862) 1.13 (0.65–1.95, p = 0.673) 1.12 (0.66–1.91, p = 0.670)  

Appendix 3.9. Stable MCR time-to-event model  

Dependant: survival  all hr (dss cph univariable) hr (dss cph multivariable) hr (competing risks multivariable) 

Stable MCR No Stable MCR 663 (99.3) – – –  
Stable MCR 5 (0.7) 6.70 (2.11–21.28, p = 0.001) 3.53 (0.92–13.56, p = 0.066) 4.38 (1.43–13.44, p = 0.010) 

Age, years Mean (SD) 76.2 (0.7) 1.14 (0.81–1.62, p = 0.454) 1.09 (0.75–1.59, p = 0.641) 1.02 (0.70–1.48, p = 0.910) 
Sex Female 330 (48.2) – – –  

Male 354 (51.8) 1.23 (0.79–1.91, p = 0.358) 1.37 (0.82–2.28, p = 0.232) 1.27 (0.75–2.14, p = 0.370) 
Education, years Mean (SD) 10.8 (1.1) 0.78 (0.63–0.96, p = 0.017) 0.73 (0.58–0.92, p = 0.008) 0.73 (0.57–0.92, p = 0.007) 
Occupational class Non-manual 540 (80.0) – – –  

Manual 135 (20.0) 1.30 (0.76–2.22, p = 0.342) 0.74 (0.38–1.45, p = 0.384) 0.72 (0.37–1.38, p = 0.320) 
comorbidity_w3 Mean (SD) 2.3 (1.3) 0.95 (0.79–1.13, p = 0.568) 0.94 (0.77–1.14, p = 0.529) 0.89 (0.74–1.07, p = 0.220) 
Depression, HADS-D Mean (SD) 2.8 (2.3) 1.15 (1.05–1.25, p = 0.002) 1.11 (1.01–1.23, p = 0.033) 1.10 (1.00–1.22, p = 0.055) 
BMI, kg/m2 Mean (SD) 27.7 (4.5) 0.98 (0.93–1.04, p = 0.532) 0.98 (0.92–1.03, p = 0.404) 0.98 (0.93–1.03, p = 0.360) 
Physical activity level High 124 (18.5) – – –  

Low 209 (31.1) 1.40 (0.74–2.65, p = 0.295) 1.18 (0.59–2.35, p = 0.649) 1.22 (0.62–2.42, p = 0.560)  
Moderate 338 (50.4) 0.89 (0.48–1.65, p = 0.705) 0.83 (0.44–1.56, p = 0.564) 0.82 (0.44–1.53, p = 0.530) 

Smoking history Never 354 (51.8) – – –  
Current 44 (6.4) 1.80 (0.77–4.24, p = 0.178) 0.98 (0.35–2.78, p = 0.973) 0.65 (0.22–1.90, p = 0.430)  
Ex-smoker 286 (41.8) 0.96 (0.60–1.52, p = 0.862) 0.93 (0.57–1.52, p = 0.768) 0.91 (0.57–1.44, p = 0.680) 
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Appendix 3.10. Never MCR time-to-event model  

Dependant: survival  all hr (dss cph univariable) hr (dss cph multivariable) hr (competing risks multivariable) 

Never MCR MCR at any stage 60 (11.0) – – –  
Never MCR 483 (89.0) 0.40 (0.22–0.76, p = 0.005) 0.48 (0.23–0.99, p = 0.046) 0.52 (0.25–1.09, p = 0.084) 

Age, years Mean (SD) 76.2 (0.7) 1.14 (0.81–1.62, p = 0.454) 1.03 (0.67–1.60, p = 0.885) 0.95 (0.60–1.51, p = 0.830) 
Sex Female 330 (48.2) – – –  

Male 354 (51.8) 1.23 (0.79–1.91, p = 0.358) 1.08 (0.61–1.93, p = 0.786) 1.04 (0.58–1.88, p = 0.890) 
Education, years Mean (SD) 10.8 (1.1) 0.78 (0.63–0.96, p = 0.017) 0.78 (0.60–1.01, p = 0.059) 0.77 (0.59–0.99, p = 0.045) 
Occupational class Non-manual 540 (80.0) – – –  

Manual 135 (20.0) 1.30 (0.76–2.22, p = 0.342) 1.06 (0.50–2.26, p = 0.874) 1.05 (0.50–2.23, p = 0.900) 
comorbidity_w3 Mean (SD) 2.3 (1.3) 0.95 (0.79–1.13, p = 0.568) 0.94 (0.75–1.17, p = 0.558) 0.90 (0.74–1.09, p = 0.290) 
Depression, HADS-D Mean (SD) 2.8 (2.3) 1.15 (1.05–1.25, p = 0.002) 1.09 (0.97–1.21, p = 0.141) 1.10 (0.98–1.23, p = 0.120) 
BMI, kg/m2 Mean (SD) 27.7 (4.5) 0.98 (0.93–1.04, p = 0.532) 0.95 (0.88–1.01, p = 0.107) 0.95 (0.90–1.01, p = 0.088) 
Physical activity level High 124 (18.5) – – –  

Low 209 (31.1) 1.40 (0.74–2.65, p = 0.295) 1.27 (0.59–2.75, p = 0.539) 1.24 (0.57–2.71, p = 0.580)  
Moderate 338 (50.4) 0.89 (0.48–1.65, p = 0.705) 0.82 (0.41–1.65, p = 0.582) 0.84 (0.42–1.67, p = 0.610) 

Smoking history Never 354 (51.8) – – –  
Current 44 (6.4) 1.80 (0.77–4.24, p = 0.178) 1.45 (0.46–4.64, p = 0.527) 1.39 (0.42–4.61, p = 0.590)  
Ex-smoker 286 (41.8) 0.96 (0.60–1.52, p = 0.862) 1.17 (0.66–2.04, p = 0.594) 1.14 (0.66–1.96, p = 0.650)  
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7.3 Further discussion 

In this community-based longitudinal study, we demonstrated that MCR was 

associated with a greater than two-fold increase in risk for incident dementia, even 

after accounting for death as a competing risk (aHR 2.34, 1.14 to 4.78, p=0.020).  

I performed a sensitivity analysis exploring the impact of MCR on the risk of 

developing the dementia subtypes of Alzheimer dementia, vascular dementia, and 

mixed dementia. The Kaplan-Meier survival curves for MCR and each dementia 

subtype are illustrated in Figure 4, and the results of the time-to-event analyses are 

presented in Table 4. MCR is associated with an increased risk of Alzheimer 

dementia (aHR 3.01 [1.08-8.39, p=0.035]) in Cox proportional hazards modelling but 

these results are no longer significant when death is accounted for as a competing 

risk (aHR 2.58 [0.96-6.92, p=0.060]). There are not enough diagnoses of vascular 

dementia to robustly explore its relationship with MCR, but the effects are in the 

expected direction, aHR 4.82 (0.47-49.26, p=0.184) for Cox proportional hazards 

analysis and aHR 4.01 (0.52-30.91, p=0.180) for competing risk analysis. Finally, no 

participants had MCR prior to a mixed dementia diagnosis. I did not include these 

sensitivity analyses in the published manuscript as it was difficult to meaningfully 

explore these outcomes with the current cohort due to the small number in each 

subtype. This would be an area of future interest to researchers with access to larger 

cohorts. 
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Figure 4 Kaplan-Meier survival curves for MCR and incident a) Alzheimer dementia, 

b) vascular dementia, and c) mixed dementia over time, with accompanying risk

tables 

Note: MCR; Motoric Cognitive Risk. The p-value is from a log-rank test comparing 

the cumulative survival rates between those with and without MCR. 

c) 

a) b) 
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Table 4 Risk of each subtype incident dementia with MCR 

Dementia 

subtype*, 
n = cases 

n (%) HR (DSS CPH 
unadjusted) 

HR (DSS CPH 
adjusted) 

HR (competing risks 
adjusted) 

Alzheimer 
dementia 

MCR 38 (5.5) 3.20 (1.25-8.20, 
p=0.015) 

3.01 (1.08-8.39, 
p=0.035) 

2.58 (0.96-6.92, 
p=0.060) 

n = 40 No MCR 653 (94.5) - - - 

Vascular 
dementia 

MCR 38 (5.5) 3.01 (0.37-24.52, 
p=0.303) 

4.82 (0.47-
49.26, p=0.184) 

4.01 (0.52-30.91, 
p=0.180) 

n = 8 No MCR 653 (94.5) - - - 

To determine whether the presence of MCR was associated with incident dementia 

risk after accounting for the presence of MCI, I ran an additional model that included 

MCI as a covariate. This was not included in the manuscript as many participants 

were missing data in the MCI variable (121/680, 17.8%). However, the findings merit 

a mention here as MCR remained a significant predictor of incident dementia in the 

overall-survival analysis (aHR 1.76, 95% CI 1.09 to 2.83, p=0.020) but not in the 

disease-specific survival analysis (aHR 1.85 95% CI 0.83 to 3.96, p=0.114). The 

effect measures (aHR) for both analytic approaches are in the same direction and of 

similar sizes, but the disease-specific survival analysis does not reach statistical 

significance. This may result from different sample sizes and event rates between 

the two analytic approaches. To elaborate, the overall survival analysis combines 

information from all events, providing more statistical power to detect significant 

associations.168 Conversely, the disease-specific survival analysis focuses solely on 

the event of interest (dementia), reducing the power to detect significant 

associations.168 The results of this additional model, as described above, support 

conceptualising MCR as complementary to MCI rather than as a potential 

replacement for identifying high-risk groups – a viewpoint expressed by Verghese et 

al.1 The results also make sense in the context of my published findings, detailed in 

section 4.2, reporting a limited degree of overlap between MCR and MCI in the 

LBC1936.87  
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7.4 Chapter conclusions 

This key PhD paper provided further evidence that MCR identifies older individuals 

at high risk for developing dementia and supports using MCR for early detection and 

dementia prevention measures. The secondary analysis exploring MCR trajectories 

illustrated the heterogeneous nature of MCR progression. This preliminary work to 

identify trajectory based MCR subtypes suggested that the Stable MCR and 

Transient Impaired MCR subtypes identify high-risk individuals. In contrast, the 

Transient Improved MCR and New MCR subtypes do not. Hopefully, these subtypes 

will be further investigated in larger datasets from diverse cohorts. As well as 

confirming or refuting our preliminary MCR subtype findings, multivariable analysis 

with the various subtypes as the outcome variables could identify predictors for 

transitioning to MCR and protective factors that make transitioning to MCR less 

likely.  
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8. Discussion 

8.1 Chapter introduction 

In this thesis, I aimed to explore the association between MCR and dementia. I 

started by systematically reviewing the literature and analysing the age-related 

health outcomes associated with MCR. I then derived the MCR phenotype in the 

LBC1936 with the following goals:  

1. Report the prevalence of MCR in the LBC1936 and identify associated 

risk factors for MCR. 

2. Explore in-depth the association between socioeconomic status and 

incident MCR. 

3. Analyse the prognostic value of MCR for incident dementia in 

LBC1936.  

To achieve the third goal, I first identified a robust dementia diagnosis in the 

LBC1936. 

 

The motivation for undertaking this research was to contribute to an important field of 

research valued by individuals with dementia and their carers, ultimately advancing 

our identification of high-risk individuals and improving care. 

 

This final chapter summarises the thesis findings and discusses the strengths and 

limitations of the thesis. It outlines planned future research and concludes with final 

remarks. 

 

8.2 Summary of findings 

I began by conducting a systematic review and meta-analysis of age-related adverse 

health outcomes associated with MCR. This review also contained an overview of 

the research exploring the mechanisms underlying MCR. One of the main factors 

that interested me in MCR was that it is very quick, inexpensive, and easy to 

measure. This review aimed to determine the prognostic value of MCR for negative 

health outcomes, especially dementia, to ensure that MCR was a topic that merited 

further study. The review found that MCR is not only prognostic of cognitive 
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impairment and dementia but also falls and increased mortality. I concluded that 

MCR has great potential as a clinical tool for stratifying individuals at high risk of the 

major causes of morbidity and mortality in older age. The research into potential 

mechanisms underpinning MCR comes from diverse fields, including epidemiology, 

neuropathology, neuroimaging, neurophysiology, and genetics, but undoubtedly 

more work is needed. I concluded that the interactions between MCR, poor brain 

health, falls, and increased mortality are likely due to a range of biological, 

psychological, and social mechanisms. Causality is likely to be bidirectional, and the 

mechanisms may be multifactorial. There is unlikely to be one unifying mechanism 

linking MCR with these negative health outcomes. The systematic review provided a 

strong justification for investigating MCR further. The empirical studies that followed 

in the thesis address some of the issues identified in this systematic review.  

 

Chapter 4 detailed the first empirical study, which aimed to address part of Chapter 

2’s conclusions by exploring predictors of MCR in LBC1936. Uniquely, this study 

examined whether early life intelligence was associated with incident MCR; it was 

not. This discovery was important, as early life intelligence has been strongly 

associated with gait speed, dementia, and many other negative age-related health 

outcomes. Another fascinating finding was the strong association between 

socioeconomic status as defined by occupational status, and MCR later in life. I 

concluded that this finding merited a more thorough exploration than possible in this 

study, so it formed the basis of the study in Chapter 5. Another aim of Chapter 4’s 

study was to describe the prevalence of MCR in LBC1936. I found it within the 

expected range, with approximately 1 in 20 participants (5.5%; 95%CI 4.5–6.7) 

meeting the criteria. A further aim was to assess the degree of overlap between 

MCR and the syndromes of MCI, Prefrailty, and Frailty, all of which have been 

examined as precursors of dementia in the literature. I found only partial overlap 

between MCR and MCI but that almost all participants with MCR had either Prefrailty 

or Frailty. I concluded that the decision as to whether MCR, MCI, Prefrailty, or Frailty 

is more clinically useful will ultimately be determined by balancing the cost, effort and 

time taken to measure each prodrome with the prognostic value for the outcome in 

question. This first empirical study of the thesis was vital to understanding the 

significance of MCR in the LBC1936 and identifying the key correlates of MCR for 

further study during my PhD. 
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Chapter 5 detailed the second empirical study of the thesis, which aimed to examine 

the longitudinal association between socioeconomic status, as determined by the 

highest education and occupational social class during working age, and MCR in 

later life (aged 76+ years). I found that lower socioeconomic status, defined by non-

manual versus manual occupation (and not years of education), is associated with a 

more than three-fold increased risk of having MCR later in life. I concluded that if 

there is a causal link between low socioeconomic status and MCR, policy measures 

to enhance social mobility might reduce the number of individuals transitioning to the 

high-risk state of MCR and then to dementia. However, I acknowledged that there 

are many potential confounders remaining that could partially explain the 

association, despite the robust model-building and adjustment techniques I 

described in the chapter. 

 

Chapter 6 marked a shift in focus to a large multidisciplinary study I led identifying a 

clinically robust dementia outcome in the LBC1936. This research was essential for 

the final empirical study of this thesis which investigates MCR as a predictor of 

dementia, as detailed in Chapter 7. The study presented a new approach for 

identifying dementia in cohort studies that involves medical-data linkage and in-

person clinical assessments. The study aimed to obtain accurate dementia 

prevalence rates in LBC1936 based on valid and robust dementia ascertainment. 

Using our diagnostic framework, we found that 118 of the 865 (13.6%) participants 

who were followed up between the ages of 70 and 86 years had developed 

dementia. We also found that, in the LBC1936, self-reported dementia diagnoses 

were positive in only 17.8% of clinically identified dementia diagnoses. This 

highlighted the importance of using a robust clinical dementia outcome measure 

instead of relying on self-reported diagnoses. It justified my decision to delay 

analysing the predictive ability of MCR for incident dementia until this robust 

dementia outcome was ascertained. 

 

The work described in Chapters 2, 4, 5 and 6 culminated in the study detailed in 

Chapter 7. This study aimed to investigate the relationship between MCR and the 

development of dementia over a 10-year period in the LBC1936. The findings 

aligned with previous research. MCR was a strong predictor of dementia, even after 
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adjusting for potential confounders. Our statistical approach accounted for the 

competing risk of death, an important analytical consideration when dementia is the 

outcome. I believe this is a first for MCR time-to-event research. This study also 

explored the nature of MCR progression and the underlying reasons for the various 

trajectories. The secondary analysis found that MCR, like MCI, has a rather 

heterogenous progression trajectory. Preliminary work to identify trajectory-based 

MCR subtypes suggested that the Stable MCR and Transient Impaired MCR 

subtypes identify high-risk individuals but that the Transient Improved MCR and New 

MCR subtypes do not. The trajectory findings are based on some groups with very 

small samples, so I highlighted the preliminary nature of the results and suggested 

avenues for future work to verify or refute them.  

 

The studies in this thesis yielded many fascinating results, which are summarised 

above. The publications contain much more detail on these and include many other 

relevant results not in the summary. Examples include negative results like the lack 

of association between MCR and several covariates, such as depression, low 

physical activity levels, obesity, and cardiovascular risk factors, previously found to 

be associated with MCR in the literature (Chapter 2).55,56,145,169 Many of the findings 

throughout the thesis aligned with previous research, but others did not. Reasons for 

agreement or non-agreement with other publications are proposed in each study. 

Similarly, the implications of each study are discussed in context.  

 

8.3 Strengths and limitations 

Specific strengths and limitations of each study are discussed in the relevant 

chapters. This section aims to summarise the strengths and limitations of the thesis 

overall. As evidenced by the critical appraisal of MCR in section 1.5, I approached 

the field with a critical eye. Some major strengths of MCR, namely the speed, low 

cost, and ease of measuring self-reported cognitive complaints and slow walking 

speed, by their very nature, bring limitations. By considering these limitations 

throughout my research, I attempted to keep perspective on the overall usefulness of 

the concept. I did not treat MCR as a diagnostic test by speculating on sensitivity and 

specificity. Rather, I focused on MCR as a syndrome for identifying those at high risk 

of multiple adverse health outcomes.  
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I acknowledged that there are other motor-cognitive methods of identifying 

individuals at high risk of dementia, as presented in Table 1. Some of these 

overcome certain limitations of MCR but, consequently, lose certain strengths of 

MCR. For example, physio-cognitive decline syndrome uses an objective cognitive 

measure instead of a subjective measure. Its proponents view this as an 

improvement because it is more measurable.72 However, there are several issues 

with this. First, there is evidence that subjective cognitive complaints precede 

objective cognitive impairment.170 By requiring an objective cognitive test, physio-

cognitive decline syndrome will likely identify individuals later in the clinical course of 

dementia. This somewhat misses the point of these entities: identifying high-risk 

individuals as early as possible when interventions may be most effective. Second, 

objective cognitive tests raise various issues: resources required to train testers, 

language issues when translating the test, time and resources required to complete 

the test.171 We must also consider the phenomenon of repeated testing whereby 

participants might remember the correct answers from previous testing and the 

important point that standard test procedures often deviate from real-world 

circumstances.171 All of these issues may have a small impact in isolation but added 

together, they can significantly reduce the clinical utility of a test. This is especially 

important to consider if studying a concept in low-resource settings, where many 

people with dementia reside.44 In the introduction to the thesis, Section 1.2, I detailed 

my rationale for focussing my research on MCR. To add to that, MCR is the method 

that resonated most with my clinical experience and research background, having 

worked first as a physiotherapist before training as a doctor and working in low-

resource settings in Zambia, Malawi, and Colombia.  

 

A strength of the empirical studies in this thesis is the use of the LBC1936. It was 

ideal for deriving the MCR phenotype. The LBC1936 measured gait and subjective 

cognitive complaint in a similar way to other MCR cohorts, thereby allowing our 

findings to be compared to others in the literature. Furthermore, the LBC1936 

benefits from the availability of childhood intelligence test scores for almost all 

participants. This enabled, for the first time, the study of early-life intelligence and 

later-life MCR. Additionally, the participants were all born in 1936. This narrow age 

range ensured that variables measured reflect differential ageing and not 
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chronological age, which can confound the influence of other variables. Another 

major advantage of using the LBC1936 in this thesis was the newly ascertained 

clinical dementia outcome, identified through medical data linkage. As the first paper 

analysing this dementia outcome, the insights in Chapter 7 will interest many. This 

key study validated using MCR, as derived in LBC1936, to identify individuals at high 

risk of dementia.  

 

I have discussed several limitations of MCR already. Other limitations of this thesis 

exist. Possibly the most noteworthy is that the empirical research relied solely on 

analysing data from one cohort. As discussed in section 3.2.2, all participants in 

LBC1936 are white, and there is a skew towards individuals with higher 

socioeconomic status and better physical health.82 Some of my findings confirmed 

those from very different cohorts from the LBC1936. In these instances, it is 

reassuring that similar effects were found in the LBC1936. However, future work in 

diverse ethnic groups from different backgrounds is required to replicate the multiple 

novel results in the thesis, where possible. It is also important to use larger samples, 

particularly for those findings in my studies that possibly lacked power. For example, 

as reported in Chapter 4, the lack of association in LBC1936 between MCR and 

commonly associated risk factors such as low physical activity levels, obesity, and 

cardiovascular risk factors, might be detectable in a bigger sample. This is supported 

by the finding that the effects for these risk factors in LBC were in the same direction 

as previous reports. Also, the MCR subtype preliminary analyses reported in Chapter 

7 are vital to understanding the transitions between normal cognitive ability, MCR, 

and dementia. However, I could not draw firm conclusions due to the small sample in 

some subtype groups.    

 

A further limitation of using the LBC1936 was the inability to derive MCR at Waves 1 

and 2 due to the lack of an adequate subjective cognitive complaint measure. This 

made it impossible to examine MCR prevalence rates and predictors at younger 

ages (approximately 70 and 73 years old). Section 1.2.2 expands upon the 

importance of identifying high-risk individuals as early as possible in the disease 

trajectory, so it was disappointing not to be able to derive MCR from Wave 1. 

Targeted dementia prevention interventions are likely more successful if 

implemented early in the disease.2,8 However, as explained in section 3.3.1, it was 
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vital to have as robust a measure of MCR as possible for the empirical studies of the 

thesis, so deriving MCR from Wave 3 instead of Wave 1 was a compromise worth 

making. However, the lack of information about MCR from earlier waves may miss 

the crucial preclinical period for some individuals. Take, for instance, the study 

detailed in Chapter 7. Eighty participants developed dementia after Wave 3 

(baseline). But the dementia ascertainment study in Chapter 6 identified 118 

participants who developed dementia after Wave 2 (when medical data linkage 

started). Having to make Wave 3 my baseline meant losing the information on those 

participants who developed dementia prior to that. More research using younger 

participants is paramount to determining predictors of MCR and MCR trajectories 

earlier in life. It might also help us understand the occupation effect described in 

Chapter 4, including its mediators and moderators.  

 

In the next section, I briefly overview my proposed future work. I plan to build upon 

the insights gained in this thesis and address the limitations discussed where 

possible.  

 

8.4 Planned future work 

Each chapter recommends important future work to confirm or refute findings, 

investigate new hypotheses, and follow up on preliminary results. This section will 

outline my research plans for MCR and other motor-cognitive syndromes. Until now, 

my work used epidemiological approaches to identify risk factors for MCR.88 

Genomic approaches to motor-cognitive syndromes have rarely been used. Only two 

genomic studies have investigated MCR.58,67 The first study examined the polygenic 

inheritance of MCR in a sample of 4,915 older individuals.58 The authors found that 

obesity-related genetic traits increase the risk of MCR syndrome.58 The second study 

revealed that polymorphisms leading to over-expression of the anti-inflammatory 

cytokine Interleukin-10 are associated with an increased incidence of MCR.67 In the 

short term, I plan to use a genomic approach to investigate the biological 

underpinnings of Ayers et al.’s recently validated subjective MCR phenotype, as 

described in section 1.4.4.74 Subjective MCR can be assessed remotely and likely 

captures people earlier in the disease than syndromes relying on objective 

measures.74 Importantly, it can be derived in the massive UK Biobank dataset, which 
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measures subjective but not objective slow gait speed.172 The genomics of PCDS 

could also be explored using UK Biobank, as it contains grip strength and objective 

cognitive measures. UK Biobank is a prospective cohort study of over 500,000 

people aged 40-69 years at recruitment that provides a resource for investigating the 

genetic, environmental and lifestyle determinants of a wide range of diseases of 

middle age and later life.172 The physical activity monitoring, genetic information and 

linkage to health records (including an algorithmically-derived dementia outcome)173 

will be especially useful for my purposes. The objectives of the proposed genomic 

work are to:  

1. Use UK Biobank to perform a genome-wide association study (GWAS) of 

subjective MCR ± physio-cognitive decline syndrome.  

2. Use this GWAS to develop a polygenic risk score (PRS) for subjective 

MCR ± physio-cognitive decline syndrome. 

3. Validate this PRS in external independent datasets (Lothian Birth Cohort 

1936 [LBC1936] and the Health and Retirement Study [HRS]) 

Ultimately, this research could lead to personalised interventions for the early 

diagnosis and treatment of dementia worldwide. MCR prevalence rates in LBC1936 

(5.5% in those over 76 years) indicate that a cohort as large as UK Biobank (44,000 

of whom are slow walkers) should have enough power to perform these analyses.25 

Another cohort, HRS is a longitudinal study of 15,497 individuals and their spouses 

aged 51 years and older.174 MCR has already been derived in HRS.1 Using this 

dataset will validate the PRS in a younger cohort than the LBC1936.   

 

Neuroimaging is another powerful and complementary approach to better 

understanding the biological underpinnings of motor-cognitive syndromes. Various 

researchers have used neuroimaging to investigate the brain substrates and 

pathologies associated with MCR.26,175,176 This includes a neuroimaging consortium 

of MCR cohorts.57 These studies reported assorted pathologies associated with 

MCR, including a widespread pattern of cortical thinning,57 cerebrovascular lesion 

load,54 and lacunar infarcts in the frontal lobe.177 Neuroimaging of other motoric-

cognitive syndromes is scarce but crucial, and exploring this area is my medium-

term research plan. It could identify the shared biological pathways between 

dementia and syndromes like MCR, subjective MCR and PCDS. It has the potential 
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to identify therapeutic targets for dementia. UK Biobank is an ideal cohort to utilise 

for this important future work.  

 

One of my medium-to-long-term research goals is incorporating gait speed 

assessment into dementia risk assessments. My thesis adds to a growing body of 

evidence that this approach could help improve the predictive power of risk 

assessments for cognitive decline and dementia. However, before this is possible, it 

is necessary to determine age- and sex-matched reference usual gait speeds. This 

would involve measuring the usual gait speed of a diverse and large sample of the 

Scottish population. This is an important step towards making MCR a tool that can 

be used in clinics nationwide, as without them, we cannot define slow gait using 

standard deviation from the mean.  

 

A longer-term research goal is to determine if multidomain clinical trials targeting 

multiple MCR risk factors simultaneously reduce the number of individuals with MCR 

and/or the transition rate from MCR to dementia. One such trial has reduced the 

rates and risk of cognitive decline in individuals with self-reported cognitive 

complaints and the predementia syndrome MCI.178 Based on current literature, MCR 

risk factor targets could include treating depression, increasing physical activity 

levels, reducing obesity, and targeting cardiovascular risk factors.55,56,145,169  

 

8.5 Conclusions 

Health and social care improvements over the past century have led to remarkable 

gains in life expectancy. This is one of the great achievements of our time but brings 

challenges in caring for the older generation with more cognitive and physical health 

issues, especially dementia. Identifying individuals at high risk of dementia and other 

age-related negative health outcomes is essential for targeted risk factor modification 

at crucial early stages of the disease to reduce incidence. This thesis aimed to 

provide a detailed analysis of one such method of identifying these high-risk 

individuals, MCR. My systematic approach to this goal ensured a body of work that 

extends our collective knowledge of how MCR develops over time, what makes MCR 

more likely, and what health outcomes individuals with MCR are more likely to have, 

with a focus on dementia. I acknowledge the other syndromes which combine motor 
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and cognitive measures to identify high-risk individuals. Quantifying each of these 

age-related high-risk states comes with strengths and limitations that often depend 

on the operational criteria used. Accordingly, further research is crucial to advance 

these concepts - to improve understanding of their underlying mechanisms, 

usefulness, trajectories, and outcomes. I have outlined how I intend to build on the 

published work. I hope my collective work encourages and informs researchers, 

clinicians, and policymakers to design and implement evidence-based interventions 

that improve the diagnosis and prognosis of dementia and ultimately reduce the 

number of people worldwide with dementia. 
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Appendices 

Appendix 1 

Supplementary material for Chapter 2.2 

Supplementary File 1.1 Alternate Abstract 

 

Objective 

We aimed to refine the hypothesis that Motoric Cognitive Risk (MCR), a syndrome 

combining measured slow gait speed and self-reported cognitive complaints, is 

prognostic of incident dementia and other major causes of morbidity in older age. We 

propose mechanisms on the relationship between motor and cognitive function and 

describe a roadmap to validate these hypotheses. 

 

Background 

MCR is being used to identify older adults at high risk of developing dementia. Yet, 

uncertainty exists regarding the prognostic value of MCR for dementia and other 

adverse health outcomes in ageing, such as cognitive impairment, falls, and 

mortality. 

 

Updated Hypothesis 

We hypothesize that participants with MCR are at an increased risk of developing 

cognitive impairment, dementia, falls, and mortality. We systematically searched 

major electronic databases from inception to August 2021 for original longitudinal 

cohort studies of adults aged ≥60 years that compared an MCR group to a non-MCR 

group with any health outcome. Fifteen cohorts were combined by meta-analysis 

using a restricted maximum-likelihood estimator reporting on four health outcomes: 

cognitive impairment (n=6,458), dementia (n=9,955), falls (n=12,640), and mortality 

(n=19,818). Risk of bias was deemed low-to-moderate in 13/15 cohorts. Our meta-

analysis found that participants with MCR were at an increased risk of cognitive 

impairment (adjusted hazard ratio [aHR] 1.76, 95%CI 1.49-2.08; I2=24.9%), 

dementia (aHR 2.12, 1.85-2.42; 33.1%), falls (adjusted Relative Risk 1.38, 1.15-1.66; 

62.1%), and mortality (aHR 1.49, 1.16-1.91; 79.2%). 
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Major Challenges for the Hypothesis 

We hypothesize that cognitive impairment, dementia, and falls could share 

underlying pathologies with MCR, ultimately resulting in increased mortality. MCR is 

quick, cheap, and practical to measure in clinic and could prove to be a valuable 

screening tool to inform referral to specialist services. The range of methods for 

diagnosing subjective cognitive complaint highlights the need for a consistent 

definition of MCR in future studies. Longitudinal studies with biomarkers and 

pathological validation will help determine the discriminatory ability of MCR to predict 

different subtypes of dementia.  

 

Linkage to Other Major Theories 

These meta-analyses findings support the theory of interacting motor-cognitive 

networks and raise the exciting possibility that MCR may be an early noninvasive 

biomarker for the major causes of morbidity and mortality of old age, including 

dementia.  
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Supplementary Table 1.1 – Search strategy 

Database: Ovid MEDLINE(R) <1946 to August Week 3 2021> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1   gait/ or gait analysis/ or walking speed/ (29635) 

2   Gait Disorders, Neurologic/ (6748) 

3   Walking/ (33564) 

4   (speed or pace or velocity or time*).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, floating sub-heading word, keyword heading 

word, organism supplementary concept word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier, synonyms] (4293037) 

5   1 or 2 or 3 (59712) 

6   4 and 5 (28287) 

7   Cognition Disorders/ or Cognition/ (156587) 

8   Memory, Long-Term/ or Memory/ or Memory Disorders/ or Memory, Short-Term/ 

or Memory, Episodic/ (110781) 

9   7 or 8 (245574) 

10   (subjective or self-report* or self-declar* or self-identif* or patient-report* or self-

perceive*).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] (254232) 

11   6 and 9 (1132) 

12   10 and 11 (101) 

13   "motoric cognitive risk".mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary concept word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (40) 

14   12 or 13 (133) 

 

Note: This search strategy was adjusted as appropriate for each database searched 
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Supplementary Table 1.2 – Data extraction tool 

Extracted information Included details 

General information Author, title, journal, year, related or duplicate publications 

Source of data Cohort, country  

Sample size Number of participants and number of outcomes/events 

Participant information Age, sex, proportion with MCR 

MCR  Definition and method of measurement of MCR: slow gait 
measurement protocol, average gait speed, subjective cognitive 
complaint measurement method 

Outcomes to be predicted Definition and method of measurement of outcome; time of outcome 
ascertainment, or summary of duration of follow‐up 

Adjustment for other 
prognostic factors 
(covariates) 

List of all the covariates that were adjusted for in any regression 
model 

Reported results We recorded the adjusted and, where available, unadjusted model 
results of any health outcome result incidence, whether reported as 
hazard ratio (HR), odds ratio (OR) or relative risk (RR), and their 
corresponding 95% confidence intervals (CI) and p-values, if 
available. 

Funding Source We recorded the funding source of each study 
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Supplementary Table 1.3: Summary of meta-analysed studies of the association between motoric cognitive risk and negative health 

outcomes 

MCR as a predictor of Dementia 

Study Countr
y - 
Cohort 

Size – 
MCR 
cases 
(MCR 
prevalenc
e) 

Female 
% 

Age 
mean 
years 

Measurement of MCR Measurement of 
outcome 

Duratio
n years 

Covariates included in 
most-adjusted model 

Result 
(95% CI) 

Risk 
of 
Bias 

     Gait SCC      

Doi et al. 
(2017) 

Japan 
- 
OSHP
E 

4235 – 
265 
(6.3%) 

50 72 2.4m usual 
pace 
stopwatch. 
2m initial 
acceleration 
and terminal 
deceleration 
space 

"Do you feel 
you have more 
problems with 
memory than 
most?" 

Incident cases of 
dementia were 
identified from 
monthly insurance 
data based on ICD-10 
diagnosis from doctor. 

2.5 Less education, 
diabetes, obesity, 
sedentariness, 
depression, drinking 
alcohol, CVD, fall, 
higher medication 
numbers 

2.49 
(1.52, 
4.1)  

Low 

Verghese 
et al. 
(2013) 

USA - 
EAS 

767 – 52 
(6.8%) 

60 79.9 Usual pace - 
GAITRite, 
two practice 
trials over 
4.60m then 
assessed 
over 6.10m. 

15-item CERAD 
questionnaire. 
Also, study 
clinicians' 
observations 
during clinical 
interview 

Case conference by 
clinicians who 
diagnosed dementia 
based on DSM - IV 
criteria 

3.1 Age, sex, and 
education, Blessed test 
score, medical illness 
index (depression, 
diabetes, heart failure, 
hypertension, angina, 
MI, strokes, Parkinson’s 
disease, chronic lung 
disease, arthritis) 

2.72 
(1.24, 
5.97)  

Low 

Verghese 
et al. 
(2014a1i) 

USA - 
MAP 

1280 – 
166 
(13%) 

57 79.9 8 ft timed Self-report 
questionnaire 

DSM IIIR 5.1 Age, sex, education, 
cohort source, baseline 
MMSE scores, and 
vascular disease 

2.1 
(1.43, 
2.09) 

Low 

Verghese 
et al. 
(2014a2i) 

USA - 
ROS 

1013 – 
132 
(13%) 

57 75.1 8 ft timed Self-report 
questionnaire 

DSM IIIR 9.3 Age, sex, education, 
cohort source, baseline 
MMSE scores, and 
vascular disease 

1.98 
(1.44, 
2.74) 

Low 

Verghese USA -      1562 – 57 72.3 9 ft timed IADL Clinical diagnosis 6 Age, sex, education, 1.79 Low 
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et al. 
(2014a3i) 

H-
EPES
E 

141 (9%) questionnaire cohort source, baseline 
MMSE scores, and 
vascular disease 

(1.31, 
2.44) 

Beauchet 
et al. 
(2020c) 

Canad
a - 
NuAG
E 

1098 – 
46 (4.2%) 

50.7 73.8 4-metre 
distance at 
their usual 
pace. Best of 
two. 1m 
initial 
acceleration 
space 

GDS - more 
problems with 
memory than 
most? 

Dementia - Modified 
Mini-Mental State 
(≤79/100) test and 
Instrumental Activity 
Daily Living scale 
(≤6/8) score values. 

3 Age, sex, baseline 3MS 
score, abnormal IADL 
score, depression 

5.18 
(2.43, 
11.03)  

Mod. 

MCR as a predictor of Cognitive Impairment 

Study Countr
y - 
Cohort 

Size – 
MCR 
cases 
(MCR 
prevalenc
e) 

Female 
% 

Age 
mean 
years 

Measurement of MCR Measurement of outcome Duratio
n years 

Covariates 
included in 
most-
adjusted 
model 

Result 
(95% CI) 

Risk 
of 
Bias 

     Gait SCC      

Aguilar-
Navarro 
et al. 
(2019) 

Mexico 
- 
MHAS 

726 – 
104 
(14.3%) 

54 69.8 Walk usual 
pace 4 m 
twice then 
averaged 

Responding 
“inadequate” or 
“poor” to the 
question: 
Compared to 
the last two 
years, would 
you say your 
memory is? 

Total score in the cognitive test 
(CCCE) equal or less than -1.5 
standard deviations and an 
IQCODE greater than 3.4 points 

2.9 Age, 

education, 
history of 
diabetes, 
hypertension, 
falls and 
depression 

2.46 
(1.25, 
4.84) 
p=0.009 

Low 

Verghese 
et al. 
(2014a1) 

USA - 
MAP 

1280 – 
166 
(13%) 

57 79.9 8 ft timed Self-report 
questionnaire 

DSM IIIR 5.1 Age, sex, 
education, 
cohort 
source, 
baseline 
MMSE 
scores, and 
vascular 
disease 

1.49 
(1.08, 
2.07) 
p=0.015 

Low 

Verghese 
et al. 
(2014a2) 

USA - 
ROS 

1013 – 
132 
(13%) 

57 75.1 8 ft timed Self-report 
questionnaire 

DSM IIIR 9.3 Age, sex, 
education, 
cohort 

1.9 
(1.44, 
2.51) 

Low 
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source, 
baseline 
MMSE 
scores, and 
vascular 
disease 

p=0.001 

Verghese 
et al. 
(2014a3) 

USA -      
H-
EPES
E 

1562 – 
141 (9%)  

57 72.3 9 ft timed IADL 
questionnaire 

Clinical diagnosis 6 Age, sex, 
education, 
cohort 
source, 
baseline 
MMSE 
scores, and 
vascular 
disease 

1.48 
(1.16, 
1.88) 
p=0.002 

Low 

Verghese 
et al. 
(2014a4) 

Italy - 
InCHIA
NTI 

700 – 56 
(8%) 

57 74.1 4 m timed WHO disability 
scale 

DSM IV 7.2 Age, sex, 
education, 
cohort 
source, 
baseline 
MMSE 
scores, and 
vascular 
disease 

2.74 
(1.54, 
4.86) 
p=0.001 

Low 

Liu et al. 
(2021) 

China - 
CHAR
LS 

1177 – 
79 (6.7%) 

45.3 65 2.5 m timed Answered 
“poor” to the 
following survey 
item: “How 
would you rate 
your memory at 
the present 
time? Would 
you say it is 
excellent, very 
good, good, 
fair, or poor? 

The lowest 10% of the 
distribution of global cognition 
during follow-ups. Global 
cognition was scored using the 
summation of the episodic 
memory and mental intactness 
scores, which ranges from 0 to 
31. 

4 Age, sex, 
education, 
baseline 
cognition 

1.95 
(1.21, 
2.82) 

Mod. 

MCR as a predictor of Falls 

Study Countr
y - 
Cohort 

Size – 
MCR 
cases 
(MCR 

Female 
% 

Age 
mean 
years 

Measurement of MCR Measurement of outcome Duratio
n years 

Covariates 
included in 
most-
adjusted 

Result 
(95% CI) 

Risk 
of 
Bias 
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prevalenc
e) 

model 

     Gait SCC      

Callisaya 
et al. 
(2016a1) 

USA - 
LonGe
nity 

509 – 56 
(11%) 

52.3 75 GAITRite GDS/self-report "Any falls in last 12 months" 1.5 Age and sex 1.06 
(0.74, 
1.52) 

Low 

Callisaya 
et al. 
(2016a2) 

USA - 
EAS 

817 – 99 
(12.1%) 

61.6 79.7 GAITRite GDS/self-report "Any falls in the past 2 months / 
past year" 

1 Age and sex 1.18 
(0.93, 
1.49) 

Low 

Callisaya 
et al. 
(2016a3) 

USA - 
HRS 

3640 – 
244 
(6.7%) 

56.9 74.4 2.5m walk 
normal pace 

Self-report "Fallen down in the last two 
years" 

2 Age and sex 1.37 
(1.18, 
1.58) 

Low 

Callisaya 
et al. 
(2016a4) 

Italy - 
InCHIA
NTI 

832 – 57 
(6.9%) 

55.2 73.5 4m walk Disability scale "Did you ever fall down in the 
past months" 

3 Age and sex 1.78 
(1.23, 
2.55) 

Low 

Callisaya 
et al. 
(2016a5) 

Austral
ia - 
TASC
OG 

406 – 7 
(1.7%) 

43.1 72 GAITRite GDS/self-report "Have you had any falls in 
months of _" (2 monthly 
questionnaire over 1 year) 

1 Age and sex 2.15 
(1.57, 
2.94) 

Low 

Beauchet 
et al. 
(2019b) 

France 
- 
EPIDO
S 

5958 - 
590 
(9.9%) 

100 80.2 6 m at usual 
pace. No 
acceleration 
phase but a 
2m terminal 
deceleration 
phase. First 
trial of three 

SCC was 
considered 
when there 
were one or two 
incorrect 
SPMSQ 
answers- 

Self-report retrospectively at 
annual assessment 

1 Not adjusted 1.18 
(1.02, 
1.36) 

Mod. 

Lord et 
al. 
(2020a1) 

New 
Zealan
d - 
LiLAC
S NZ 
Non-
Māori 

302 - 6 
(1.9%) 

54.1 84.6 Fastest 
speed of two 
trials over a 
3 m distance 

GDS/self-report Self-report retrospectively at 
annual assessment 

1 Age and sex 1.67 
(0.86, 
3.23) 

High 

Lord et 
al. 
(2020a2) 

New 
Zealan
d - 
LiLAC
S NZ 
Māori 

176 - 8 
(4.3%) 

58.2 82.6 Fastest 
speed of two 
trials over a 
3 m distance 

GDS/self-report Self-report retrospectively at 
annual assessment 

1 Age and sex 0.46 
(0.07, 
2.83) 

High 
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MCR as a predictor of Mortality 

Study Countr
y - 
Cohort 

Size – 
MCR 
cases 
(MCR 
prevalenc
e) 

Female 
% 

Age 
mean 
years 

Measurement of MCR Measurement of 
outcome 

Duratio
n years 

Covariates included in 
most-adjusted model 

Result 
(95% CI) 

Risk 
of 
Bias 

     Gait SCC      

Ayers 
and 
Verghese 
(2016a1) 

USA - 
HRS 

4686 - 
375 (8%) 

56.4 74.7 2.5m walk 
normal pace 

Self-report 
questionnaire 

Family/friend report. 
Reported death dates 
were confirmed 
through the social 
security death index 
and insight databases, 
and linked to the 
national death index 

 

6 Age, sex, and 
education 

1.87 
(1.54, 
2.28) 

Low 

Ayers 
and 
Verghese 
(2016a2) 

USA - 
NHAT
S 

6795 - 
435 
(6.4%) 

57.2 77.3 3m walk 
normal pace 

Self-report 
questionnaire 

Proxy-respondent 
report. 

2.1 Age, sex, and 
education 

1.62 
(1.21, 
2.16) 

Low 

Ayers 
and 
Verghese 
(2016a3) 

11 
Europe
an 
countri
es - 
SHAR
E 

4559 - 
319 (7%) 

55.7 81.7 2.5m walk 
normal pace 

Self-report IADL 
questionnaire 

Proxy-respondent 
report. 

4 Age, sex, and 
education 

1.5 (1.04, 
2.16) 

Low 

Beauchet 
et al. 
(2019a) 

France 
- 
EPIDO
S 

3778 - 
382 
(10.1%) 

100 80.5 6 m at usual 
pace. No 
acceleration 
phase but a 
2m terminal 
deceleration 
phase. First 
trial of three 

SCC was 
considered 
when there 
were one or two 
incorrect 
SPMSQ 
answers- 

Deaths were 
prospectively 
recorded using mail, 
phone calls, 
questionnaires and/or 
the French national 
death registry 

5 Age, education, place 
of living, BMI, number 
of drugs taken daily, 
use of psychoactive 
drugs, history of 
depression, physical 
activity level, history of 
falls in the past year, 
cardiovascular risk 
factors (obesity, 
smoking, hypertension, 
angina, diabetes, and 

1.09 
(0.89, 
1.34) 
p=0.401 

Mod. 
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history of CVA)) and 
the recruitment centre 

Note: Results are adjusted hazard ratios except for those cohorts with falls as the outcome, which are adjusted relative risk. ROB 

gradings – 1 (low), 2 (some concern), 3 (high). MCR (Motoric Cognitive Risk); CI (Confidence Interval); Risk of Bias (ROB); OSHPE 

(Obu Study of Health Promotion for the Elderly); EAS (Einstein Aging Study); MAP (Memory and Aging project); ROS (Religious 

Order Study); H-EPESE (Hispanic Established Population for Epidemiological studies of the Elderly); NuAGE (Quebec Longitudinal 

Study on Nutrition and Successful Aging); MHAS (Mexican Health and Aging Study); InCHIANTI (Invecchiare in Chianti)I; CHARLS 

(China Health and Retirement Survey); LonGenity; TASCOG (The Tasmanian Study of Cognition and Gait); EPIDOS 

(Epidemiologie de l’Osteoporose); LiLACS NZ (Life and Living in Advanced Age, a Cohort Study in New Zealand); NHATS 

(National Health and Aging Trends Study); SHARE (Survey of Health, Ageing and Retirement in Europe) 

Slow gait was defined as ≥1 standard deviation above age- and sex-matched mean in all studies except Aguilar-Navarro100 (slower 

than 0.8 metres per second in both men and women; except for women with a height <1.45 m in which the cut-off value was >0.66 

metres per second) and Liu101 (lowest 20th percentile of population distribution adjusted for sex and height) 

 

  

142



 

 

Supplementary Table 1.4 – Quality assessment tool.  

Adapted from National Institute for Health (NIH) Quality Assessment Tool for 

Observational Cohort and Cross-Sectional Studies117 and Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) guidelines.118 Note: 

Each criterion was answered as “yes,” “no,” “cannot determine,” “not applicable” or 

“not reported”. Two authors independently rated each study overall as “high” if most 

criteria were met, “satisfactory” if most criteria were met with some flaws in the study, 

or “low” when most criteria were not met, and/or there were significant flaws relating 

to key aspects of study design. 

 

Abstract 

1. Is the abstract an informative and balanced summary of what was done and 

what was found? 

 

Introduction 

2. Objectives - do authors state specific objectives, including any prespecified 

hypotheses? 

 

Methods 

3. Setting - Do authors describe the setting, locations, and relevant dates, 

including periods of recruitment, exposure, follow-up, and data collection - or 

refer to where these are clearly described? Was the timeframe sufficient so 

that one could reasonably expect to see an association between exposure 

and outcome, if it existed? 

4. Participants - Do authors give the eligibility criteria, and the sources and 

methods of selection of participants. Do they describe methods of follow-up (if 

longitudinal)? 

5. Participants - Do authors include a flowchart of sample selection? 

6. Were the exposure/independent variables clearly defined, valid, reliable, and 

implemented consistently across all study participants, especially if there is 

more than one group? Do they give diagnostic criteria, if applicable? 
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7. Were the outcome/dependent variables clearly defined, valid, reliable, and 

implemented consistently across all study participants, especially if there is 

more than one group? Do they give diagnostic criteria, if applicable? 

8. Were potential confounding variables clearly identified, or included in 

limitations section if not? Were effect modifiers and mediators described? 

9. Bias - do authors describe any efforts to address potential sources of bias? 

10. Study size - do authors explain how the study size was arrived at? 

11. Quantitative variables - do authors explain how quantitative variables were 

handled in the analyses? If applicable, do they describe which groupings were 

chosen and why? 

 

Statistical methods - do the authors: 

12. Describe all statistical methods, including those used to control for 

confounding? 

13. Explain how missing data were addressed? 

14. Cohort study—If applicable, explain how loss to follow-up was addressed? 

15. Describe any sensitivity analyses? 

 

Results 

16. Participants - (a) Do authors report numbers of individuals at each stage of 

study—e.g., numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed.  

17. Participants - (b) Do authors give reasons for non-participation at each stage? 

Was the participation rate of eligible persons at least 50%? 

18. Was loss to follow-up after baseline 20% or less?  

19. Outcome data - do authors report numbers of outcome events or summary 

measures (over time, if longitudinal)? 

20. Do the authors give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (e.g., 95% confidence interval)? Make 

clear which confounders were adjusted for and why they were included? 

21. Do the authors report category boundaries when continuous variables were 

categorized? 
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22. Do the authors, if applicable, consider translating estimates of relative risk into 

absolute risk for a meaningful time period? 

23. Other analyses - do authors report other analyses done—e.g., analyses of 

subgroups and interactions, and sensitivity analyses? 

24. Do you believe the results? 

 

Discussion 

25. Key results - Do authors summarise key results with reference to study 

objectives? 

26. Limitations - Do authors discuss limitations of the study, considering sources 

of potential bias or imprecision. Consider also if they discuss both direction 

and magnitude of any potential bias? 

27. Interpretation - Do authors give a cautious overall interpretation of results 

considering objectives, limitations, multiplicity of analyses, results from similar 

studies, and other relevant evidence? 

28. Generalisability - Do authors discuss the generalisability (external validity) of 

the study results? 

 

Funding  

29. Is there a statement of funding or conflicts of interest?  

 

Overall rating (see explanations below) 

High: Majority of criteria met. Little or no risk of bias 

Satisfactory: Most criteria met. Some flaws in the study with an associated risk of 

bias 

Low: Either most criteria not met, or significant flaws relating to key aspects of study 

design 

 

Number of yes answers - max is 29 (this is purely for checking overall rating scores 

match up, not for calculating overall rating)  
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Supplementary Box 1.1: PICOT criteria for review question 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Population: Community-based adults aged ≥60 years.  

 

Intervention: MCR or the MCR criteria of objective slow gait speed and 

subjective cognitive complaint, in the absence of significant functional 

impairment and dementia. Importantly, the term MCR did not have to be used. 

This allowed for consideration of all studies examining the phenotype of 

objective slow gait and subjective cognitive complaint, rather than just those 

using the term MCR, which was only coined in 2013.  

 

Comparator: Included studies contained a comparator group who did not have 

MCR, or each of its component parts. We compared the most adjusted model 

of MCR to other (that is, comparator) prognostic factors such as age, sex, 

education, comorbidities. 

 

Outcome: We included studies reporting any health outcome, including, but not 

limited to those used in the meta-analysis (i.e., cognitive impairment, 

dementia, falls and mortality). Studies were omitted from the meta-analysis if 

their method of reporting results did not allow for synthesis with other studies. 

All attempts were made to both obtain data directly from authors and to 

transform effect measures when data was not obtained from authors, but still 

some studies were omitted and are listed in the meta-analysis section.  

 

Type of study: We included longitudinal, observational cohort studies.  

Timing and setting: Recruitment from primary, secondary, or community 

settings. Minimum of one year follow-up to allow time for outcomes to develop.  

 

Note: Authors of posters or abstracts were contacted directly to enquire if a 

full-text version had been published when one was not obvious in the literature 

search. 

146



 

 

Supplementary Box 1.2: GRADE assessment of certainty in our results 

 

 

 

  

1. Phase of investigation: We considered as high-quality evidence any 

phase 3 explanatory studies derived from custom-made cohort study 

designs that aimed to understand the pathway between MCR and the 

health outcome. We considered as moderate-quality evidence any phase 

2 explanatory studies that aimed to confirm independent associations 

between MCR and the health outcome. We considered as low-quality 

evidence any phase 1 hypothesis generating explanatory studies that aim 

to identify associations between MCR and the health outcome. All the 

cohorts came from either phase 1 or phase 2 explanatory studies, leading 

to a downgrading of the level of evidence for all health outcomes. 

2. ROB: This judgement was based on our expanded QUIPS tool, as 

described previously. 

3. Inconsistency: We downgraded the evidence if associations between 

MCR and the health outcome were markedly heterogeneous (i.e., the 

reported aHR/aRR fell either side of 1 on a forest plot or if the I2 statistic 

was substantial (i.e., 75% or more)). We downgraded the evidence for 

MCR as a predictor of mortality as the I2 statistic was substantial at 79%.  

4. Imprecision: We downgraded the evidence if there were insufficient 

numbers in the meta-analysis or if the confidence intervals were wide. 

There were enough cohorts with sufficiently narrow confidence intervals 

to generate adequately precise results on meta-analysis. 

5. Indirectness: We downgraded the evidence if the participant population, 

the MCR criteria used and/or the outcomes investigated did not fully 

match with our review question. We downgraded the evidence if the 

participant population, the MCR criteria used and/or the outcomes 

investigated did not fully match with our review question. 

6. Publication bias: We took the prudent default position of assuming that 

this prognosis research is affected by publication bias.104 Unless there 

was significant evidence to the contrary, such as a symmetrically 

distributed funnel plot of a large number of cohorts, we downgraded the 

evidence.  

7. Effect size: We upgraded our confidence in the effect estimate if the effect 

size was moderate to large (e.g., aHR >2.5). We did not upgrade our 

confidence in the effect estimate for any health outcome.  
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Appendix 2  

Supplementary material for Chapter 3.3.2 

Supplementary File 2.1: Participant information sheet and consent form for 

measuring gait speed at conferences, Autumn 2022 
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Information sheet for participants 

Study title:   Measuring usual walking speed in a Scottish cohort to determine normative 
values for Motoric Cognitive Risk Syndrome. 

 

Principal Investigator: Dr Donncha Mullin 
Researcher collecting data: Dr Donncha Mullin & Dr Tom Russ 

What is this document?  This document explains what kind of study we’re doing, what your rights are, and what will 
be done with your data. You should keep this page for your records. After you read this, continue to the next page.  

Nature of the study.  You are about to participate in a study which involves walking at your usual pace over 8 
metres. This will be timed. You will do this twice. This walking speed test will take place here in the area marked out. 
Your session should take approximately 1 minute. You will be given full instructions shortly and will be able to ask 
any questions you may have.   

Compensation. There is no financial compensation for participating in this study.  

Risks and benefits.  There are no known risks to participation in this study. There are no tangible benefits to you, 
however you will be contributing to our knowledge about usual walking speeds in Scotland.   

Risks of participation (COVID-19) (insert after other section on risks of participation) 

We have taken specific steps to minimise the risk of exposure to COVID-19 during the study by adhering to the most 
up to date Scottish Government guidance.  These routine measures include making every effort to ensure i) good 
ventilation; ii) by default, continued use of face coverings; iii) good hand and respiratory hygiene; and iv) suspension 
of research if the researcher(s) or participant(s) have COVID symptoms.  Further, university facilities used for 
research are subject to an enhanced cleaning regime. 

However, even with these control measures, there remains some risk of exposure from participating in this study. 

What if I am unwell prior to the research interaction? 

If you feel unwell, experience COVID-19 related symptoms, then please tell the researcher (Dr Donncha Mullin) on 
the day, and we will postpone or cancel the research interaction. 

Confidentiality and use of data. All the information we collect during the course of the research will be processed in 
accordance with Data Protection Law. In order to safeguard your privacy, we will never share personal information 
(like names or dates of birth) with anyone outside the research team. Your data will be referred to by a unique participant 
number rather than by name. We will store any personal data (e.g., audio/video recordings, signed forms) using 
DataShare, the University of Edinburgh’s secure encrypted cloud-based storage service or in a locked filing cabinet at 
the University of Edinburgh. The anonymised data collected during this study will be used for research purposes.  

What are my data protection rights? The University of Edinburgh is a Data Controller for the information you provide.  You have 
the right to access information held about you. Your right of access can be exercised in accordance Data Protection Law. You also 
have other rights including rights of correction, erasure and objection.  For more details, including the right to lodge a complaint 
with the Information Commissioner’s Office, please visit www.ico.org.uk.  Questions, comments and requests about your personal 
data can also be sent to the University Data Protection Officer at dpo@ed.ac.uk. 

Voluntary participation and right to withdraw. Your participation is voluntary, and you may withdraw from the 
study at any time and for any reason. If you withdraw from the study during or up to two weeks after data gathering, 
we will delete your data and there is no penalty or loss of benefits to which you are otherwise entitled.  
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If you have any questions about what you’ve just read, please feel free to ask, or contact us later. You can contact 
us by email at d.mullin@ed.ac.uk. This project has been approved by PPLS Ethics committee. If you have 
questions or comments regarding your own or your child’s rights as a participant, they can be contacted at 0131 
650 4020 or ppls.ethics@ed.ac.uk. 

If you have any questions about what you’ve just read, please feel free to ask them now. 

Thank you for your help! Now please complete the consent form on the next page. 
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Participant consent and agreement to data usage 

Study title: Measuring usual walking speed in a Scottish cohort to determine normative 
values for Motoric Cognitive Risk Syndrome. 

Principal Investigator: Dr Donncha Mullin 
Researcher collecting data:  

PLEASE MARK EITHER ‘YES’ OR ‘NO’ FOR EVERY STATEMENT BELOW: 

Consent for participation: Yes No 

I consent to take part in the above study.    

   
Agreement to non-identifiable data usage requests: Yes No 

I agree that my non-identifiable data can be shared with other researchers and used for teaching 
or research purposes (e.g., presentations and publications). 

  

   
 
 
Consent statement (COVID-19) 

I am aware that participating in this study at the current time may carry risks in relation to potential exposure to 
COVID-19, and I understand the steps that have been taken in relation to minimising the risks of exposure and 
transmission. 

 
     

Participant name  Participant signature  Today’s date 
 
 
 
 

 
 
 
 

 

 

Unique participant code (researcher will complete) 
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Supplementary File 2.2: Protocol for measuring usual walking speed at conferences, 

Autumn 2022 

 

Equipment Required before the Day 

• Printed consent forms for signing 

• Printed data collection forms, each with unique ID numbers that can be torn 

off and handed to the participants 

 

Equipment Required on the Day 

• Two or three (depending on the number of assistants/walkways) small tables 

and double this number of chairs for assistant to sit at with the participant* 

when completing consent and data collection forms 

• Stopwatch (phone will do nicely) 

• A clear pathway with a set distance of 8 metres* 

• Measuring tape 

• Sticky tape to mark measurement lines (black or red insulating tape would do 

grand) 

• Locked non-transparent box for storing signed consent forms 

*Measuring out two (or three if we have the helpers and space) of these walkways 

would allow us to measure more people quicker. 

 

Set-Up 

• Measure and mark a clear path of at least 8 metres in length 

• Add a mark at 1 metre (timer start line) 

• Add a mark at 7 metres (timer finish line) 

 

Scoring 

• The total time taken to ambulate 6 meters is recorded (seconds) 

o Timing starts when the toes pass the 1-meter mark 

o Timing stops when the toes pass the 7-meter mark 

• The 6m is then divided by the total time taken (in seconds) to complete 

• The total time is recorded in m/s 
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Process / Instructions 

• Participant directed towards the gait measuring area of the lobby if they are 

interested in having speed measured 

• Participant signs consent form  

• Participant completes age bracket (e.g., 30-34, 35-39) and sex (e.g., 

male/female/non-binary/prefer not to say) questions on data collection form 

and gives form to assistant 

• Participant takes a unique ID number with contact details should they want to 

withdraw following data collection – they have up to two weeks following the 

study to do this.  

• The individual walks alone for 8 metres, with the time measured for the 

intermediate 6 metres to allow for initial acceleration and terminal deceleration 

• Assistive devices may be used, but must be kept consistent and documented 

for each test 

• Start timing when the toes pass the 1-metre mark 

• Stop timing when the toes pass the 7-metre mark 

• Should be tested at preferred walking speed  

• Perform two trials and calculate the average of the two  

• Assistant records participant walking data on their unique data collection 

sheet 

• Consent form and data collection sheet stored in locked non-transparent box 

• Excel document populated with average times, these are then pooled by age 

bracket and sex.  

 

Participant Instructions 

• Normal comfortable speed: “I will say ready, set, go. When I say go, walk at 

your normal comfortable speed until I say stop. Don’t talk during this time, just 

focus on walking” 
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Appendix 3 

Supplementary material for Chapter 4.2 

 

Supplementary Table 3.1: Measurement and derivation of covariates of note 

Body Mass Index (BMI) 
Weight in kg/Height in m2 

 

Age 11 intelligence quotient (IQ)  
Based on LBC1936 participants’ scores in the Moray House Test at age 11.82 
Raw scores were corrected for age in days at the time of testing and 
converted to an IQ scale where mean (SD) = 100 (15). 
 

Socioeconomic status  
Based on occupational social class (professional, managerial, nonmanual 
skilled, manual skilled, manual semiskilled, unskilled), as coded at the 1980 
census.139 Married females were assigned a social class based on their 
husband’s occupation if that was higher than their own. We collapsed these 
six categories into either nonmanual or manual, with professional, managerial, 
and nonmanual skilled being classed as nonmanual and manual skilled, 
manual semiskilled, and unskilled being classed as manual. This improved 
the distribution of participants between categories and the manual/nonmanual 
association is important to explore when examining the MCR phenotype 
which includes a significant manual or ‘motoric’ component.  
 

Mild Cognitive Impairment  
As defined by the National Institute on Aging-Alzheimer’s Association (NIA-
AA) workgroups on diagnostic guidelines for Alzheimer disease. MCI was 
recently derived in LBC1936 using very similar criteria to MCR,136 except that 
MCI uses an objective impairment in one or more cognitive domains criterion 
instead of an objective slow gait criterion.  
 

Physical Frailty  
As determined by the Fried phenotype. This was recently derived in LBC1936 
using five pre-specified criteria:144  

1. weight loss (BMI <18.5 kg/m2 or loss of weight ≥ 10% since previous 

wave),  

2. exhaustion (present if the participant responded ‘very often’ or ‘nearly 

all the time’ to the Hospital Anxiety and Depression Scale item ‘I feel as 

if I'm slowed down’) 

3. physical health (lowest sex-specific 20% of the distribution for usual 

level of physical activity) 
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4. walking speed (slowest sex- and height-adjusted 20% of the 

distribution)   

5. grip strength (weakest sex- and BMI-adjusted 20% of the distribution) 

The presence of one or two of these criteria indicated that an individual is 
Prefrail, whereas three or more indicated Frailty. 

Grip Strength  
This was assessed using a Jamar Hydraulic Hand Dynamometer. It was 
administered on a one-to-one basis. At each assessment, it was tested three 
times in both hands, and the best recording (in kilograms) from each hand 
was recorded. We combined both left- and right-hand measures to create a 
single combined average of both hands.  
 

 
 

  

155



 

 

Supplementary Table 3.2: Withdrawers with MCR at wave 3 & explanatory variables 

at wave 1 

Dependent: 
MCR_w3  No MCR MCR Total p 

Total N (%)  246 (91.45) 23 (8.55) 269  

Age, years Mean (SD) 69.5 (0.8) 69.8 (0.7) 69.6 (0.8) 0.1841 

Sex Male 141 (57.32) 11 (47.83) 152 (56.51) 0.3891 

 Female 105 (42.68) 12 (52.17) 117 (43.49)  

Education, years Mean (SD) 10.7 (1.1) 10.6 (1.1) 10.6 (1.1) 0.8652 

Age 11 IQ Mean (SD) 99.8 (16.1) 102.6 (11.4) 100.0 (15.8) 0.3229 

SES Non-manual 179 (72.76) 13 (56.52) 192 (71.38) 0.0939 

 Manual 65 (26.42) 10 (43.48) 75 (27.88)  

 (Missing) 2 (0.81) 0 (0.00) 2 (0.74)  

Marital status Married 180 (73.17) 19 (82.61) 199 (73.98) 0.4571 

 Not married 66 (26.83) 4 (17.39) 70 (26.02)  

Smoking status Never 113 (45.93) 12 (52.17) 125 (46.47) 0.8655 

 Ex-smoker 102 (41.46) 9 (39.13) 111 (41.26)  

 Current 31 (12.60) 2 (8.70) 33 (12.27)  

Alcohol, units/week Median 
(IQR) 

6.0 (0.5 to 
15.0) 

7.0 (2.0 to 
16.8) 

6.0 (0.5 to 
15.0) 

0.7522 

CVD history No CVD 180 (73.17) 17 (73.91) 197 (73.23) 1.0000 

 CVD 66 (26.83) 6 (26.09) 72 (26.77)  

Stroke history No stroke 231 (93.90) 23 (100.00) 254 (94.42) 0.6254 

 Stroke 15 (6.10) 0 (0.00) 15 (5.58)  

BMI Mean (SD) 27.9 (4.6) 28.6 (4.8) 28.0 (4.6) 0.4976 

APOE No 4 158 (64.23) 11 (47.83) 169 (62.83) 0.4517 

 4 carrier 77 (31.30) 8 (34.78) 85 (31.60)  

 (Missing) 11 (4.47) 4 (17.39) 15 (5.58)  

FEV1, L Mean (SD) 2.4 (0.7) 2.2 (0.6) 2.4 (0.7) 0.1162 

CRP, mg/L Mean (SD) 4.9 (4.9) 7.4 (10.4) 5.1 (5.6) 0.2868 

HADS-D Mean (SD) 2.9 (2.3) 2.8 (2.0) 2.9 (2.3) 0.7957 

Verbal Fluency Mean (SD) 43.0 (13.5) 37.5 (9.5) 42.6 (13.3) 0.0157 

Digits backwards Mean (SD) 7.6 (2.3) 7.8 (2.3) 7.6 (2.3) 0.6247 

156



 

 

Block design Mean (SD) 33.5 (10.1) 34.3 (11.1) 33.6 (10.2) 0.7363 

Digit symbol Mean (SD) 56.0 (12.7) 51.8 (13.0) 55.6 (12.7) 0.1549 

Simple reaction Mean (SD) 0.3 (0.1) 0.3 (0.0) 0.3 (0.1) 0.9319 

Grip strength, kg Mean (SD) 30.1 (10.3) 27.1 (8.5) 29.9 (10.2) 0.1168 
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Supplementary Table 3.3: Withdrawers with MCR at wave 4 & explanatory variables 

at wave 1 

Dependent: 
MCR_w4  No MCR MCR Total p 

Total N (%)  113 (88.98) 14 (11.02) 127  

Age, years Mean (SD) 69.6 (0.8) 70.0 (0.6) 69.7 (0.8) 0.0577 

Sex Male 63 (55.75) 6 (42.86) 69 (54.33) 0.4044 

 Female 50 (44.25) 8 (57.14) 58 (45.67)  

Education, years Mean (SD) 10.8 (1.2) 10.6 (1.3) 10.7 (1.2) 0.6365 

Age 11 IQ Mean (SD) 99.9 (16.0) 99.8 (18.9) 99.9 (16.2) 0.9737 

SES Non-manual 81 (71.68) 10 (71.43) 91 (71.65) 1.0000 

 Manual 30 (26.55) 4 (28.57) 34 (26.77)  

 (Missing) 2 (1.77) 0 (0.00) 2 (1.57)  

Marital status Married 82 (72.57) 9 (64.29) 91 (71.65) 0.5374 

 Not married 31 (27.43) 5 (35.71) 36 (28.35)  

Smoking status Never 63 (55.75) 8 (57.14) 71 (55.91) 1.0000 

 Ex-smoker 42 (37.17) 5 (35.71) 47 (37.01)  

 Current 8 (7.08) 1 (7.14) 9 (7.09)  

Alcohol, units/week Median 
(IQR) 

5.0 (0.5 to 
17.0) 

7.5 (1.6 to 
13.8) 

5.0 (0.5 to 
15.5) 

0.9691 

CVD history No CVD 81 (71.68) 11 (78.57) 92 (72.44) 0.7562 

 CVD 32 (28.32) 3 (21.43) 35 (27.56)  

Stroke history No stroke 106 (93.81) 13 (92.86) 119 (93.70) 1.0000 

 Stroke 7 (6.19) 1 (7.14) 8 (6.30)  

BMI Mean (SD) 28.0 (5.2) 27.0 (3.6) 27.9 (5.1) 0.3450 

APOE No e4 66 (58.41) 9 (64.29) 75 (59.06) 0.7643 

 e4 carrier 42 (37.17) 4 (28.57) 46 (36.22)  

 (Missing) 5 (4.42) 1 (7.14) 6 (4.72)  

FEV1, L Mean (SD) 2.4 (0.7) 2.0 (0.5) 2.4 (0.7) 0.0079 

CRP, mg/L Mean (SD) 4.7 (4.2) 5.7 (5.4) 4.8 (4.4) 0.5537 

HADS-D Mean (SD) 3.2 (2.7) 2.7 (1.4) 3.2 (2.6) 0.2822 

Verbal Fluency Mean (SD) 43.4 (13.8) 40.9 (12.7) 43.1 (13.6) 0.5123 

Digits backwards Mean (SD) 7.7 (2.4) 7.3 (1.6) 7.6 (2.3) 0.4520 
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Block design Mean (SD) 34.5 (10.6) 30.4 (9.0) 34.0 (10.5) 0.1392 

Digit symbol Mean (SD) 55.9 (13.3) 51.0 (12.5) 55.3 (13.3) 0.1892 

Simple reaction Mean (SD) 0.3 (0.1) 0.3 (0.0) 0.3 (0.1) 0.3940 

Grip strength, kg Mean (SD) 30.0 (11.0) 24.4 (9.3) 29.4 (10.9) 0.0539 
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Appendix 4 

Supplementary material for Chapter 5.2 

Supplementary Table 4.1: Descriptive characteristics of the non-manual and manual 

occupation groups  

  Manual Non-manual p 

Education, years Mean (SD) 10.1 (0.6) 11.0 (1.2) <0.001 

Age, years Mean (SD) 76.3 (0.6) 76.2 (0.7) 0.062 

Sex Female 21 (15.3) 313 (56.9) <0.001 

 Male 116 (84.7) 237 (43.1)  

Smoking history Current 14 (10.2) 30 (5.5) 0.051 

 Ex-smoker 62 (45.3) 226 (41.2)  

 Never 61 (44.5) 293 (53.4)  

Physical activity level Mean (SD) 2.7 (1.1) 2.9 (1.1) 0.079 

Anxiety, HADS-A Mean (SD) 5.1 (3.3) 4.6 (3.1) 0.068 

Depression, HADS-D Mean (SD) 3.3 (2.5) 2.8 (2.3) 0.009 

Multimorbidity index Mean (SD) 2.5 (1.3) 2.2 (1.3) 0.007 

BMI, kg/m2 Mean (SD) 29.1 (4.6) 27.4 (4.4) <0.001 

Grip strength, kg Mean (SD) 30.5 (9.0) 26.2 (9.8) <0.001 

Age 11 Intelligence Mean (SD) 91.6 (17.2) 104.1 (13.5) <0.001 

 

MCR: Motoric Cognitive Risk; SD: Standard Deviation; Physical activity level: self-

reported (1 to 6, higher indicating more physical activity); Multimorbidity index: the 

presence of self-reported stroke, hypertension, cardiovascular disease, diabetes, 

Parkinson’s disease, arthritis, leg pain, or neoplasia was used to calculate a 

summary multimorbidity index (scored 0 to 8); BMI: Basal Metabolic Rate; HADS-A: 

Hospital Anxiety and Depression Status – Anxiety; HADS-A: Hospital Anxiety and 

Depression Status – Depression; kg/m2: kilograms per metre squared; kg: kilograms  
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Supplementary Table 4.2: Variance Inflation Factor analysis of the final model 

 GVIF Df GVIF^(1/(2*Df)) 

Occupational class 1.641554 1 1.281232 

Education, years 1.306494 1 1.143020 

Age, years 1.035847 1 1.017766 

Sex 2.647330 1 1.627062 

Smoking history 1.243303 2 1.055952 

Anxiety, HADS-A 1.254069 1 1.119852 

Depression, HADS-D 1.440704 1 1.200293 

Multimorbidity index 1.405829 1 1.185677 

BMI, kg/m2 1.194998 1 1.093160 

Grip strength, kg 1.179057 1 1.085844 

Anxiety, HADS-A 2.478472 1 1.574316 

 

Note: GVIF: Generalised Variance Inflation Factor. A common rule of thumb is that if 

this is greater than 5-10 for any variable, then multicollinearity may exist. If this is the 

case, the model should be further explored, and the terms removed or reduced.  
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Supplementary Table 4.3: Logistic regression analysis model building 

Model 1: Basic regression table, adjusting for basic biological covariates 

  MCR No MCR OR (univariable) OR (multivariable) 

Occupational 
class 

Manual 15 
(10.9) 

122 
(89.1) 

- - 

 Non-
manual 

23 (4.2) 523 
(95.8) 

2.80 (1.39-5.47, 
p=0.003) 

3.62 (1.56-8.52, 
p=0.003) 

Education, years Mean 
(SD) 

10.6 
(1.1) 

10.8 
(1.1) 

1.15 (0.86-1.57, 
p=0.362) 

0.92 (0.66-1.30, 
p=0.615) 

Age, years Mean 
(SD) 

76.6 
(0.6) 

76.2 
(0.7) 

0.43 (0.25-0.71, 
p=0.001) 

0.44 (0.25-0.74, 
p=0.003) 

Sex Female 20 (6.0) 313 
(94.0) 

- - 

 Male 19 (5.3) 340 
(94.7) 

1.14 (0.60-2.20, 
p=0.684) 

1.70 (0.81-3.61, 
p=0.162) 

 

Number in dataframe = 696, Number in model = 683, Missing = 13, AIC = 299.8, C-statistic = 
0.714, H&L = Chi-sq(8) 11.15 (p=0.194) 
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Model 2: Basic + lifestyle regression table  

  MCR No 
MCR 

OR (univariable) OR (multivariable) 

Occupational class Manual 15 
(10.9) 

122 
(89.1) 

- - 

 Non-manual 23 
(4.2) 

523 
(95.8) 

2.80 (1.39-5.47, 
p=0.003) 

3.50 (1.47-8.46, 
p=0.005) 

Education, years Mean (SD) 10.6 
(1.1) 

10.8 
(1.1) 

1.15 (0.86-1.57, 
p=0.362) 

0.92 (0.65-1.31, 
p=0.633) 

Age, years Mean (SD) 76.6 
(0.6) 

76.2 
(0.7) 

0.43 (0.25-0.71, 
p=0.001) 

0.42 (0.24-0.73, 
p=0.002) 

Sex Female 20 
(6.0) 

313 
(94.0) 

- - 

 Male 19 
(5.3) 

340 
(94.7) 

1.14 (0.60-2.20, 
p=0.684) 

1.55 (0.73-3.34, 
p=0.258) 

Smoking history Current 4 
(9.3) 

39 
(90.7) 

- - 

 Ex-smoker 13 
(4.5) 

278 
(95.5) 

2.19 (0.59-6.56, 
p=0.188) 

1.44 (0.36-4.79, 
p=0.574) 

 Never 22 
(6.2) 

335 
(93.8) 

1.56 (0.44-4.34, 
p=0.434) 

0.97 (0.25-3.06, 
p=0.967) 

Physical activity level Mean (SD) 2.4 
(1.1) 

2.9 
(1.1) 

1.42 (1.05-1.95, 
p=0.025) 

1.30 (0.94-1.83, 
p=0.119) 

 

Number in dataframe = 696, Number in model = 671, Missing = 25, AIC = 299.5, C-statistic = 
0.729, H&L = Chi-sq(8) 10.79 (p=0.214) 
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Model 3: Basic + lifestyle + health regression table  

  MCR No 
MCR 

OR 
(univariable) 

OR 
(multivariable) 

Occupational class Manual 15 
(10.9) 

122 
(89.1) 

- - 

 Non-
manual 

23 
(4.2) 

523 
(95.8) 

2.80 (1.39-
5.47, 
p=0.003) 

3.62 (1.51-
8.83, 
p=0.004) 

Education, years Mean (SD) 10.6 
(1.1) 

10.8 
(1.1) 

1.15 (0.86-
1.57, 
p=0.362) 

0.94 (0.66-
1.35, 
p=0.716) 

Age, years Mean (SD) 76.6 
(0.6) 

76.2 
(0.7) 

0.43 (0.25-
0.71, 
p=0.001) 

0.43 (0.24-
0.74, 
p=0.003) 

Sex Female 20 
(6.0) 

313 
(94.0) 

- - 

 Male 19 
(5.3) 

340 
(94.7) 

1.14 (0.60-
2.20, 
p=0.684) 

1.64 (0.76-
3.63, 
p=0.211) 

Smoking history Current 4 
(9.3) 

39 
(90.7) 

- - 

 Ex-smoker 13 
(4.5) 

278 
(95.5) 

2.19 (0.59-
6.56, 
p=0.188) 

1.55 (0.38-
5.29, 
p=0.504) 

 Never 22 
(6.2) 

335 
(93.8) 

1.56 (0.44-
4.34, 
p=0.434) 

1.05 (0.26-
3.38, 
p=0.934) 

Physical activity level Mean (SD) 2.4 
(1.1) 

2.9 
(1.1) 

1.42 (1.05-
1.95, 
p=0.025) 

1.32 (0.94-
1.88, 
p=0.121) 

Anxiety, HADS-A Mean (SD) 4.6 
(3.1) 

4.7 
(3.1) 

1.01 (0.91-
1.13, 
p=0.856) 

1.05 (0.93-
1.20, 
p=0.427) 

Depression, HADS-D Mean (SD) 3.2 
(2.3) 

2.8 
(2.3) 

0.95 (0.83-
1.09, 
p=0.414) 

1.00 (0.85-
1.19, 
p=0.991) 

Multimorbidity index Mean (SD) 2.4 
(1.3) 

2.3 
(1.3) 

0.92 (0.73-
1.17, 
p=0.485) 

0.98 (0.76-
1.29, 
p=0.883) 

 

Number in dataframe = 696, Number in model = 671, Missing = 25, AIC = 298.8, C-statistic = 
0.739, H&L = Chi-sq(8) 5.35 (p=0.720) 

 

164



 

 

Supplementary Table 4.4: Sensitivity analysis of cohort separated by sex (Male). 

Motoric Cognitive Risk (dependent variable) and socioeconomic status, with and 

without adjustment  

Males only  MCR No 
MCR 

OR 
(univariable) 

OR (multivariable) 

Occupational 
class 

Manual 12 
(10.3) 

104 
(89.7) 

- - 

 Non-
manual 

7 
(3.0) 

230 
(97.0) 

3.79 (1.48-
10.45, 
p=0.007) 

3.55 (1.19-11.73, p=0.028) 

Education, years Mean 
(SD) 

10.4 
(0.9) 

10.8 
(1.2) 

1.47 (0.94-
2.54, 
p=0.123) 

1.29 (0.73-2.48, p=0.404) 

Age, years Mean 
(SD) 

76.5 
(0.5) 

76.3 
(0.7) 

0.63 (0.30-
1.27, 
p=0.206) 

0.72 (0.31-1.65, p=0.446) 

Physical activity 
level 

Mean 
(SD) 

2.6 
(0.8) 

2.9 
(1.1) 

1.24 (0.81-
1.92, 
p=0.337) 

1.34 (0.81-2.29, p=0.269) 

Anxiety, HADS-A Mean 
(SD) 

3.0 
(2.5) 

4.2 
(2.9) 

1.18 (0.99-
1.44, 
p=0.073) 

1.27 (1.03-1.61, p=0.038) 

Depression, 
HADS-D 

Mean 
(SD) 

2.9 
(2.0) 

3.0 
(2.4) 

1.02 (0.84-
1.27, 
p=0.874) 

0.97 (0.76-1.27, p=0.803) 

Multimorbidity 
index 

Mean 
(SD) 

2.5 
(1.3) 

2.3 
(1.3) 

0.90 (0.64-
1.28, 
p=0.542) 

0.93 (0.64-1.37, p=0.711) 

BMI, kg/m2 Mean 
(SD) 

29.6 
(3.8) 

27.9 
(4.2) 

0.92 (0.84-
1.02, 
p=0.090) 

0.98 (0.88-1.10, p=0.733) 

Grip strength, kg Mean 
(SD) 

32.1 
(9.5) 

33.9 
(8.1) 

1.03 (0.97-
1.10, 
p=0.340) 

1.03 (0.96-1.11, p=0.423) 

 

Number in dataframe = 359, Number in model = 339, Missing = 20, AIC = 147.2, C-statistic = 
0.795, H&L = Chi-sq(8) 10.44 (p=0.236) 

Note: smoking variable removed as groups were too small. Smoking was not significant in any 
model so removing it will not have affected any of the other variables.  
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Supplementary Table 4.5: Missing data analysis among covariates in final regression 

model between MCR and non-MCR groups 

  MCR data 

Not missing 

692 (99.4) 

MCR data 

Missing 

4 (0.6) 

  

  Total p 

Total N (%)  696  

Occupational class Manual 137 (100.0) 0 (0.0) 137 (100) 0.709 

 Non-manual 546 (99.3) 4 (0.7) 550 (100)  

Education, years Mean (SD) 10.8 (1.1) 11.0 (1.4) 10.8 (1.1) 0.732 

Age, years Mean (SD) 76.2 (0.7) 76.5 (0.7) 76.2 (0.7) 0.369 

Smoking history Current 43 (97.7) 1 (2.3) 44 (100) 0.244 

 Ex-smoker 291 (99.3) 2 (0.7) 293 (100)  

 Never 357 (99.7) 1 (0.3) 358 (100)  

Physical activity level Mean (SD) 2.8 (1.1) 2.7 (0.6) 2.8 (1.1) 0.806 

Anxiety, HADS-A Mean (SD) 4.7 (3.1) 6.8 (3.3) 4.7 (3.1) 0.185 

Depression, HADS-D Mean (SD) 2.9 (2.3) 7.0 (2.6) 2.9 (2.3) <0.001 

Multimorbidity index Mean (SD) 2.3 (1.3) 2.8 (1.3) 2.3 (1.3) 0.465 

BMI, kg/m2 Mean (SD) 27.7 (4.5) 30.4 (5.2) 27.7 (4.5) 0.234 

Grip strength, kg Mean (SD) 27.2 (9.8) 17.4 (4.2) 27.1 (9.8) 0.046 
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Supplementary Figure 4.1: Generalised pairs plot exploring two-way associations 

within the basic explanatory variables (Model 1) 
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Appendix 5 

Supplementary material for Chapter 6.2 

Additional File 5.1: Dementia ascertainment protocol- Lothian Birth Cohort 1936 

Study 

 

1. AT will securely email the participant list from LBC  

 

2. Divide participants who have given consent between AS, CG and GW 

 

3. For each participant search CHI/ UHPI number on TRAK 

 

4. Search Trak diagnosis list (via clinical history, then previous codes) for coded 

diagnoses of dementia or cognitive impairment 

 

5. Scan home appointment screen for MATS (Memory Assessment & Treatment 

Service) appointment- attended/ not attended/ booked 

 

6. If MATS appointment- search SCI store/ correspondence for letter 

 

7. Document certainty of diagnosis (no dementia, possible dementia, probable 

dementia), subtype diagnosis (probable/ possible descriptor), code (if app), 

date of diagnosis, cognitive assessment score and scale used, capacity (yes/ 

no/ uncertain), cognitive enhancer medication (no/ yes + name) > Sheet 2 of 

Excel Spreadsheet on shared drive  

 

8. Copy and paste text relating to capacity assessment and summary of 

diagnostic rationale > Word Document on the shared drive (one for each 

participant indexed by LBC number as the filename) 

 

9. Scan home appointment screen for other relevant appointments/ admissions- 

Old Age Psychiatry, Medicine of the Elderly, Cognitive Disorders Clinic (under 

Neurology) 
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10. Complete #7 and #8 for each as appropriate (if admission go through ‘Clinical 

Notes’ for that admission and search for Psychological Medicine entries) 

 

11. If DNA/ booked- search SCI store for GP referral 

 

12. Scan waiting list for relevant appointments- MATS, POA, MOE etc 

 

13. Look at KIS data for dementia/ cognitive impairment diagnosis 

 

14. Look at ECS data for cognitive enhancer medication  

 

15. Scan correspondence for dementia/ cognitive impairment and/or terminal 

illness diagnosis. CTRL + F “dementia”, “cogn”, “memory”.  

 

16. For each patient on the spreadsheet: confirm that Trak has been searched, 

enter dementia diagnosis (probable, possible, no), capacity (yes, no, 

uncertain), terminal illness (yes/no), additional notes e.g., queries for Study 

Medics, and an indication if further info is available in Sheet 2 of the Excel 

Spreadsheet and Word Document on the shared drive.  

 

17. If the patient is deceased, go through the protocol as above. In addition, look 

at pathology results for brain biopsy if available and document findings in 

Word document.  

 

N.B. This is for participants who gave consent for access to their medical records 

even if they are not being invited to wave 6. The above protocol will be followed 

similarly for those invited for wave 6 when this is recommenced in 2021.  
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Additional File 5.2: Approximate number of person-hours required for each 

ascertainment phase  

 

  

 Number of 
researchers involved 

Approximate number 
of hours (averaged 
across researchers) 

Total 

Planning stage 4 2 8 

Phase 1 6 80 400 

Phase 2 5 4 20 

Phase 3 9 6 51 

    

TOTAL   489 
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Additional File 5.3: Comparable prevalence rates for all-cause dementia  

Age group, years Year Country 65-69.9 70-74.9 75-79.9 80-84.9 85-89.9 

Our study 
LBC1936* 

2022 Scotland - 0.8% 4.5% 9.5% 9.9%^ 

Framingham[1] 1992 England 0.9% 1.8% 3.6% 10.5% 23.7% 

Caerphilly[2] 
(males) 

2008 Wales 0.8% 3.9% 9.4% 15.4% - 

CFAS I[3] (males) 1991 England  1.7% 2.2% 5.7% 14.6% 19.8% 

CFAS I[3] 
(females) 

1991 England 2.0% 2.9% 7.4% 13.9% 26.5% 

CFAS II[3] (males) 2011 England 1.2% 3.0% 5.2% 10.6% 12.8% 

CFAS II[3] 
(females) 

2011 England 1.8% 2.5% 6.2% 9.5% 18.1% 

Kungsholmen[4] 1991 Sweden - - 5.7% 9.6% 20.4% 

Note: LBC1936, Lothian Birth Cohort 1936; CFAS I & II, Cognitive Function and 

Ageing Study I & II.  

*We pooled the two groups 65 to 69.9 years and 70 to 74.9 years to preserve 

anonymity due to sample distribution. 

^At the time of our study, the mean age of participants with dementia in the 85-89.9 

years group is only 85.49 years old. This explains the relatively low prevalence rate 

in this group.  

 

[1]  Bachman DL, Wolf PA, Linn R, et al. Prevalence of dementia and probable 

senile dementia of the Alzheimer type in the Framingham Study. Neurology 

1992; 42: 115–119. 

[2]  Fish M, Bayer AJ, Gallacher JEJ, et al. Prevalence and Pattern of Cognitive 

Impairment in a Community Cohort of Men in South Wales: Methodology and 

Findings from the Caerphilly Prospective Study. Neuroepidemiology 2008; 30: 

25–33. 

[3]  Matthews FE, Arthur A, Barnes LE, et al. A two-decade comparison of 

prevalence of dementia in individuals aged 65 years and older from three 

geographical areas of England: results of the Cognitive Function and Ageing 

Study I and II. Lancet (London, England) 2013; 382: 1405. 

[4]  Fratiglioni L, Grut M, Forsell Y, et al. Prevalence of Alzheimer’s disease and 

other dementias in an elderly urban population. Neurology 1991; 41: 1886–

1886. 

 

171



 

 

Appendix 6 

Supplementary material for Chapter 7.2 

Supplementary File 6.1: Illustration of the missing values map for each covariate.  

 

Note: each blue line indicates a missing variable for one participant. There is no 

obvious pattern to any missingness, indicating data is more likely to be missing at 

random.  
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Supplementary File 6.2: Categorisation of the physical activity level variable 

 

The original self-reported physical activity levels codes in LBC1936 are:  

1. = moving only in connection with necessary household chores;  

2. = walking or other outdoor activities 1–2 times per week;  

3. = walking or other outdoor activities several times per week;  

4. = exercising 1–2 times per week to the point of perspiring and heavy 

breathing;  

5. = exercising several times per week to the point of perspiring and heavy 

breathing;  

6. = keep fit/heavy exercise or competitive sport several times weekly. 

 

To improve the distribution and reduce the spread of data for our model, we 

categorized self-reported physical activity levels 1 and 2 into “Low”, 3 and 4 into 

“Medium”, and 5 and 6 into “High”.  
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Supplementary File 6.3: MCR subgroups – demographics tables and time-to-event 

models for each subgroup 

 

6.3.1: Transient improved MCR subgroup demographics 

label levels No Transient 
improved 

Transient 
improved 

Total p 

Total N (%)  652 (97.8) 15 (2.2) 667  

ageyears_w4 Mean (SD) 79.3 (0.6) 79.7 (0.5) 79.3 (0.6) 0.004 

Sex.factor Female 314 (48.2) 5 (33.3) 319 (47.8) 0.303 

 Male 338 (51.8) 10 (66.7) 348 (52.2)  

 (Missing) 0 (0.0) 0 (0.0) 0 (0.0)  

yrsedu_w1 Mean (SD) 10.8 (1.1) 10.5 (1.0) 10.8 (1.1) 0.301 

Social.factor.collapsed Non-manual 518 (79.4) 10 (66.7) 528 (79.2) 0.191 

 Manual 125 (19.2) 5 (33.3) 130 (19.5)  

 (Missing) 9 (1.4) 0 (0.0) 9 (1.3)  

comorbidity_w4 Mean (SD 1.9 (1.5) 2.0 (1.0) 1.9 (1.5) 0.930 

HADS_D_w4 Mean (SD) 3.0 (2.3) 3.3 (2.6) 3.0 (2.3) 0.582 

bmi_w4 Mean (SD) 27.3 (4.5) 27.9 (4.6) 27.3 (4.5) 0.619 

phyactiv.factor_w3 High 119 (18.3) 2 (13.3) 121 (18.1) 0.778 

 Low 195 (29.9) 6 (40.0) 201 (30.1)  

 Moderate 326 (50.0) 7 (46.7) 333 (49.9)  

 (Missing) 12 (1.8) 0 (0.0) 12 (1.8)  

Smoking.factor.w4 Current 20 (3.9)  20 (3.8) 0.689 

 Ex-smoker 219 (42.4) 5 (33.3) 224 (42.1)  

 Never 278 (53.8) 10 (66.7) 288 (54.1)  

Memprob.factor.w4 Memory prob 292 (58.3) 11 (78.6) 303 (58.8) 0.171 

 No memory 
prob 

209 (41.7) 3 (21.4) 212 (41.2)  

Slow.factor.w4 Not slow 434 (85.8) 13 (86.7) 447 (85.8) 1.000 

 Slow 72 (14.2) 2 (13.3) 74 (14.2)  

 

6.3.2: Transient impaired MCR subgroup demographics  
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label levels No Transient 
impaired 

Transient 
impaired 

Total p 

Total N (%)  664 (99.6) 3 (0.4) 667  

ageyears_w4 Mean (SD) 79.3 (0.6) 79.8 (0.3) 79.3 (0.6) 0.144 

Sex.factor Female 318 (47.9) 2 (66.7) 320 (48.0) 0.610 

 Male 346 (52.1) 1 (33.3) 347 (52.0)  

yrsedu_w1 Mean (SD) 10.8 (1.1) 11.0 (0.0) 10.8 (1.1) <0.001 

Social.factor.collapsed Manual 127 (19.4) 2 (100.0) 129 (19.6) 0.038 

 Non-manual 529 (80.6)  529 (80.4)  

comorbidity_w4 Mean (SD) 1.9 (1.5) 2.0 (1.0) 1.9 (1.5) 0.930 

HADS_D_w4 Mean (SD) 2.9 (2.3) 8.3 (6.1) 3.0 (2.3) 0.266 

bmi_w4 Mean (SD) 27.4 (4.5) 24.3 (1.5) 27.3 (4.5) 0.065 

phyactiv.factor_w3 Low 199 (30.0) 2 (66.7) 201 (30.1) 0.588 

 Moderate 332 (50.0) 1 (33.3) 333 (49.9)  

 High 120 (18.1) 0 (0.0) 120 (18.0)  

 (Missing) 13 (2.0) 0 (0.0) 13 (1.9)  

Smoking.factor.w4 Current 20 (3.8) 1 (33.3) 21 (3.9) 0.060 

 Ex-smoker 223 (42.2)  223 (41.9)  

 Never 286 (54.1) 2 (66.7) 288 (54.1)  

Memprob.factor.w4 Memory prob 298 (58.2) 3 (100.0) 301 (58.4) 0.270 

 No memory 
prob 

214 (41.8)  214 (41.6)  

Slow.factor.w4 Not slow 448 (86.3)  448 (86.0) 0.019 

 Slow 71 (13.7) 2 (100.0) 73 (14.0)  
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6.3.3: New MCR subgroup demographics  

label levels No New MCR New MCR Total p 

Total N (%)  524 (96.0) 22 (4.0) 546  

ageyears_w4 Mean (SD) 79.3 (0.6) 79.6 (0.6) 79.3 (0.6) 0.022 

Sex Female 258 (49.2) 11 (50.0) 269 (49.3) 1.000 

 Male 266 (50.8) 11 (50.0) 277 (50.7)  

 (Missing) 0 (0.0) 0 (0.0) 0 (0.0)  

Education, years Mean (SD) 10.9 (1.2) 10.7 (1.2) 10.9 (1.2) 0.477 

Occupational class Non-manual 422 (80.5) 17 (77.3) 439 (80.4) 0.574 

 Manual 93 (17.7) 5 (22.7) 98 (17.9)  

 (Missing) 9 (1.7) 0 (0.0) 9 (1.6)  

comorbidity_w4 Mean (SD) 2.4 (1.3) 2.7 (1.1) 2.4 (1.3) 0.181 

HADS_D_w4 Mean (SD) 2.9 (2.3) 3.8 (2.2) 3.0 (2.3) 0.096 

bmi_w4 Mean (SD) 27.3 (4.5) 28.9 (5.8) 27.4 (4.5) 0.204 

Physical activity level High 100 (19.1) 7 (31.8) 107 (19.6) 0.140 

 Low 150 (28.6) 8 (36.4) 158 (28.9)  

 Moderate 263 (50.2) 7 (31.8) 270 (49.5)  

 (Missing) 11 (2.1) 0 (0.0) 11 (2.0)  

Smoking.factor.w4 Current 19 (3.7) 2 (9.1) 21 (3.9) 0.226 

 Ex-smoker 218 (42.7) 7 (31.8) 225 (42.2)  

 Never 274 (53.6) 13 (59.1) 287 (53.8)  

Memprob.factor.w4 Memory prob 280 (56.7) 22 (100.0) 302 (58.5) <0.001 

 No memory prob 214 (43.3)  214 (41.5)  

Slow.factor.w4 Not slow 448 (89.6)  448 (85.8) <0.001 

 Slow 52 (10.4) 22 (100.0) 74 (14.2)  
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6.3.4: Stable MCR Demographics Table 

label levels No Stable MCR Stable MCR p 

ageyears_w4 Mean (SD) 79.3 (0.6) 79.5 (0.5) 0.533 

Sex Female 317 (47.8) 4 (80.0) 0.200 

 Male 346 (52.2) 1 (20.0)  

 (Missing) 0 (0.0) 0 (0.0)  

Education, years Mean (SD) 10.8 (1.1) 10.4 (1.5) 0.581 

Occupational class Non-manual 527 (79.5) 3 (60.0) 0.254 

 Manual 127 (19.2) 2 (40.0)  

 (Missing) 9 (1.4) 0 (0.0)  

comorbidity_w4 Mean (SD) 1.9 (1.5) 2.2 (1.3) 0.679 

HADS_D_w4 Mean (SD) 3.0 (2.3) 4.2 (3.0) 0.415 

bmi_w4 Mean (SD) 27.4 (4.5) 25.5 (4.2) 0.386 

Physical activity level High 120 (18.1) 0 (0.0) 0.405 

 Low 198 (29.9) 3 (60.0)  

 Moderate 332 (50.1) 2 (40.0)  

 (Missing) 13 (2.0) 0 (0.0)  

Smoking.factor.w4 Current 20 (3.8) 1 (20.0) 0.241 

 Ex-smoker 222 (42.0) 2 (40.0)  

 Never 286 (54.2) 2 (40.0)  

Memprob.factor.w4 Memory prob 296 (58.0) 5 (100.0) 0.079 

 No memory prob 214 (42.0)   

Slow.factor.w4 Not slow 448 (86.8)  <0.001 

 Slow 68 (13.2) 5 (100.0)  
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6.3.5: Never MCR Demographics Table 

label levels MCR at any stage Never MCR p 

ageyears_w4 Mean (SD) 79.6 (0.5) 79.3 (0.6) <0.001 

Sex Female 30 (50.0) 236 (48.9) 0.892 

 Male 30 (50.0) 247 (51.1)  

 (Missing) 0 (0.0) 0 (0.0)  

Education, years Mean (SD) 10.6 (1.1) 10.9 (1.2) 0.093 

Occupational class Non-manual 39 (65.0) 397 (82.2) 0.002 

 Manual 20 (33.3) 78 (16.1)  

 (Missing) 1 (1.7) 8 (1.7)  

comorbidity_w4 Mean (SD) 1.9 (1.4) 2.4 (1.3) 0.017 

HADS_D_w4 Mean (SD) 3.9 (2.9) 2.9 (2.3) 0.016 

bmi_w4 Mean (SD) 27.9 (5.1) 27.3 (4.5) 0.399 

Physical activity level High 13 (21.7) 94 (19.5) 0.008 

 Low 27 (45.0) 130 (26.9)  

 Moderate 20 (33.3) 249 (51.6)  

 (Missing) 0 (0.0) 10 (2.1)  

Smoking.factor.w4 Current 4 (8.5) 16 (3.3) 0.120 

 Ex-smoker 16 (34.0) 207 (42.9)  

 Never 27 (57.4) 260 (53.8)  

Memprob.factor.w4 Memory prob 43 (93.5) 259 (55.3) <0.001 

 No memory prob 3 (6.5) 209 (44.7)  

Slow.factor.w4 Not slow 13 (28.3) 434 (91.6) <0.001 

 Slow 33 (71.7) 40 (8.4)  
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6.3.6: Transient Improved MCR time-to-event model 

Dependent: Survival  all HR (DSS 
CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks 
multivariable) 

  N (%)    

Transient MCR 
improved 

No 
Transient 
improved 

652 
(97.8) 

- - - 

 Transient 
improved 

15 
(2.2) 

1.97 (0.62-
6.26, 
p=0.249) 

1.76 (0.54-
5.78, p=0.348) 

1.83 (0.53-6.32, 
p=0.340) 

ageyears_w3 Mean (SD) 76.2 
(0.7) 

1.14 (0.81-
1.62, 
p=0.454) 

1.08 (0.74-
1.57, p=0.683) 

1.02 (0.70-1.47, 
p=0.920) 

Sex.factor Female 330 
(48.2) 

- - - 

 Male 354 
(51.8) 

1.23 (0.79-
1.91, 
p=0.358) 

1.30 (0.79-
2.16, p=0.304) 

1.22 (0.74-2.02, 
p=0.440) 

yrsedu_w1 Mean (SD) 10.8 
(1.1) 

0.78 (0.63-
0.96, 
p=0.017) 

0.73 (0.57-
0.92, p=0.008) 

0.72 (0.57-0.92, 
p=0.009) 

Social.factor.collapsed Non-
manual 

540 
(80.0) 

- - - 

 Manual 135 
(20.0) 

1.30 (0.76-
2.22, 
p=0.342) 

0.86 (0.45-
1.65, p=0.657) 

0.81 (0.43-1.53, 
p=0.510) 

comorbidity_w3 Mean (SD) 2.3 
(1.3) 

0.95 (0.79-
1.13, 
p=0.568) 

0.94 (0.77-
1.14, p=0.510) 

0.89 (0.74-1.07, 
p=0.220) 

hadsd_w3 Mean (SD) 2.8 
(2.3) 

1.15 (1.05-
1.25, 
p=0.002) 

1.14 (1.03-
1.25, p=0.008) 

1.12 (1.02-1.24, 
p=0.014) 

bmi_w3 Mean (SD) 27.7 
(4.5) 

0.98 (0.93-
1.04, 
p=0.532) 

0.96 (0.91-
1.02, p=0.195) 

0.96 (0.92-1.01, 
p=0.160) 

phyactiv.factor_w3 High 124 
(18.5) 

- - - 

 Low 209 
(31.1) 

1.40 (0.74-
2.65, 
p=0.295) 

1.23 (0.62-
2.45, p=0.559) 

1.29 (0.65-2.55, 
p=0.460) 

 Moderate 338 
(50.4) 

0.89 (0.48-
1.65, 
p=0.705) 

0.81 (0.43-
1.54, p=0.529) 

0.81 (0.43-1.53, 
p=0.520) 
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Dependent: Survival  all HR (DSS 
CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks 
multivariable) 

  N (%)    

Smoking.factor.w3 Never 354 
(51.8) 

- - - 

 Current 44 
(6.4) 

1.80 (0.77-
4.24, 
p=0.178) 

1.13 (0.43-
3.01, p=0.806) 

0.70 (0.26-1.88, 
p=0.480) 

 Ex-smoker 286 
(41.8) 

0.96 (0.60-
1.52, 
p=0.862) 

0.97 (0.59-
1.60, p=0.918) 

0.94 (0.59-1.51, 
p=0.810) 
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6.3.7: Transient impaired time-to-event model 

Dependent: Survival  all HR (DSS 
CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks 
multivariable) 

  N (%)    

Transient MCR 
impaired 

No 
Transient 
impaired 

664 
(99.6) 

- - - 

 Transient 
impaired 

3 (0.4) 2.78 (0.39-
20.04, 
p=0.310) 

6.57 (0.78-
55.19, 
p=0.083) 

8.15 (1.37-
48.60, p=0.021) 

ageyears_w3 Mean (SD) 76.2 
(0.7) 

1.14 (0.81-
1.62, 
p=0.454) 

1.10 (0.76-
1.60, p=0.609) 

1.04 (0.72-1.50, 
p=0.850) 

Sex.factor Female 330 
(48.2) 

- - - 

 Male 354 
(51.8) 

1.23 (0.79-
1.91, 
p=0.358) 

1.33 (0.80-
2.21, p=0.269) 

1.23 (0.75-2.02, 
p=0.400) 

yrsedu_w1 Mean (SD) 10.8 
(1.1) 

0.78 (0.63-
0.96, 
p=0.017) 

0.71 (0.56-
0.91, p=0.006) 

0.71 (0.56-0.91, 
p=0.006) 

Social.factor.collapsed Non-
manual 

540 
(80.0) 

- - - 

 Manual 135 
(20.0) 

1.30 (0.76-
2.22, 
p=0.342) 

0.76 (0.39-
1.49, p=0.423) 

0.71 (0.36-1.37, 
p=0.300) 

comorbidity_w3 Mean (SD) 2.3 
(1.3) 

0.95 (0.79-
1.13, 
p=0.568) 

0.93 (0.77-
1.13, p=0.494) 

0.88 (0.73-1.07, 
p=0.210) 

hadsd_w3 Mean (SD) 2.8 
(2.3) 

1.15 (1.05-
1.25, 
p=0.002) 

1.13 (1.03-
1.25, p=0.010) 

1.12 (1.02-1.24, 
p=0.018) 

bmi_w3 Mean (SD) 27.7 
(4.5) 

0.98 (0.93-
1.04, 
p=0.532) 

0.96 (0.91-
1.02, p=0.206) 

0.96 (0.92-1.02, 
p=0.170) 

phyactiv.factor_w3 High 124 
(18.5) 

- - - 

 Low 209 
(31.1) 

1.40 (0.74-
2.65, 
p=0.295) 

1.21 (0.60-
2.42, p=0.595) 

1.27 (0.64-2.52, 
p=0.500) 

 Moderate 338 
(50.4) 

0.89 (0.48-
1.65, 
p=0.705) 

0.82 (0.43-
1.55, p=0.536) 

0.81 (0.43-1.52, 
p=0.510) 
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Dependent: Survival  all HR (DSS 
CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks 
multivariable) 

  N (%)    

Smoking.factor.w3 Never 354 
(51.8) 

- - - 

 Current 44 
(6.4) 

1.80 (0.77-
4.24, 
p=0.178) 

1.04 (0.38-
2.82, p=0.938) 

0.67 (0.26-1.71, 
p=0.400) 

 Ex-smoker 286 
(41.8) 

0.96 (0.60-
1.52, 
p=0.862) 

0.93 (0.56-
1.52, p=0.766) 

0.90 (0.56-1.46, 
p=0.680) 

182



 

 

6.3.8: New MCR time-to-event model 

Dependent: 
Survival 

 all HR (DSS CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks multivariable) 

  N (%)    

New MCR No New 
MCR 

524 
(96.0) 

- - - 

 New MCR 22 
(4.0) 

1.24 (0.39-
3.94, p=0.720) 

1.02 (0.31-3.41, 
p=0.971) 

1.08 (0.29-4.05, 
p=0.910) 

Age, years Mean 
(SD) 

76.2 
(0.7) 

1.14 (0.81-
1.62, p=0.454) 

1.12 (0.73-1.71, 
p=0.613) 

1.03 (0.66-1.60, 
p=0.910) 

Sex Female 330 
(48.2) 

- - - 

 Male 354 
(51.8) 

1.23 (0.79-
1.91, p=0.358) 

1.03 (0.58-1.83, 
p=0.910) 

0.98 (0.55-1.76, 
p=0.950) 

Education, years Mean 
(SD) 

10.8 
(1.1) 

0.78 (0.63-
0.96, p=0.017) 

0.76 (0.58-0.98, 
p=0.037) 

0.76 (0.59-0.98, 
p=0.033) 

Occupational 
class 

Non-
manual 

540 
(80.0) 

- - - 

 Manual 135 
(20.0) 

1.30 (0.76-
2.22, p=0.342) 

1.17 (0.56-2.42, 
p=0.678) 

1.14 (0.54-2.38, 
p=0.730) 

comorbidity_w3 Mean 
(SD) 

2.3 
(1.3) 

0.95 (0.79-
1.13, p=0.568) 

0.91 (0.73-1.13, 
p=0.397) 

0.88 (0.73-1.07, 
p=0.210) 

Depression, 
HADS-D 

Mean 
(SD) 

2.8 
(2.3) 

1.15 (1.05-
1.25, p=0.002) 

1.10 (0.99-1.23, 
p=0.074) 

1.11 (0.99-1.24, 
p=0.070) 

BMI, kg/m2 Mean 
(SD) 

27.7 
(4.5) 

0.98 (0.93-
1.04, p=0.532) 

0.96 (0.90-1.03, 
p=0.238) 

0.96 (0.91-1.02, 
p=0.200) 

Physical activity 
level 

High 124 
(18.5) 

- - - 

 Low 209 
(31.1) 

1.40 (0.74-
2.65, p=0.295) 

1.26 (0.58-2.72, 
p=0.562) 

1.23 (0.57-2.66, 
p=0.590) 

 Moderate 338 
(50.4) 

0.89 (0.48-
1.65, p=0.705) 

0.82 (0.41-1.65, 
p=0.582) 

0.84 (0.43-1.64, 
p=0.600) 

Smoking history Never 354 
(51.8) 

- - - 

 Current 44 
(6.4) 

1.80 (0.77-
4.24, p=0.178) 

1.75 (0.57-5.39, 
p=0.328) 

1.55 (0.47-5.17, 
p=0.470) 

 Ex-
smoker 

286 
(41.8) 

0.96 (0.60-
1.52, p=0.862) 

1.13 (0.65-1.95, 
p=0.673) 

1.12 (0.66-1.91, 
p=0.670) 
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6.3.9: Stable MCR time-to-event model 

Dependent: 
Survival 

 all HR (DSS CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks multivariable) 

  N (%)    

Stable MCR No Stable 
MCR 

663 
(99.3) 

- - - 

 Stable 
MCR 

5 (0.7) 6.70 (2.11-
21.28, 
p=0.001) 

3.53 (0.92-13.56, 
p=0.066) 

4.38 (1.43-13.44, 
p=0.010) 

Age, years Mean (SD) 76.2 
(0.7) 

1.14 (0.81-
1.62, p=0.454) 

1.09 (0.75-1.59, 
p=0.641) 

1.02 (0.70-1.48, 
p=0.910) 

Sex Female 330 
(48.2) 

- - - 

 Male 354 
(51.8) 

1.23 (0.79-
1.91, p=0.358) 

1.37 (0.82-2.28, 
p=0.232) 

1.27 (0.75-2.14, 
p=0.370) 

Education, years Mean (SD) 10.8 
(1.1) 

0.78 (0.63-
0.96, p=0.017) 

0.73 (0.58-0.92, 
p=0.008) 

0.73 (0.57-0.92, 
p=0.007) 

Occupational 
class 

Non-
manual 

540 
(80.0) 

- - - 

 Manual 135 
(20.0) 

1.30 (0.76-
2.22, p=0.342) 

0.74 (0.38-1.45, 
p=0.384) 

0.72 (0.37-1.38, 
p=0.320) 

comorbidity_w3 Mean (SD) 2.3 
(1.3) 

0.95 (0.79-
1.13, p=0.568) 

0.94 (0.77-1.14, 
p=0.529) 

0.89 (0.74-1.07, 
p=0.220) 

Depression, 
HADS-D 

Mean (SD) 2.8 
(2.3) 

1.15 (1.05-
1.25, p=0.002) 

1.11 (1.01-1.23, 
p=0.033) 

1.10 (1.00-1.22, 
p=0.055) 

BMI, kg/m2 Mean (SD) 27.7 
(4.5) 

0.98 (0.93-
1.04, p=0.532) 

0.98 (0.92-1.03, 
p=0.404) 

0.98 (0.93-1.03, 
p=0.360) 

Physical activity 
level 

High 124 
(18.5) 

- - - 

 Low 209 
(31.1) 

1.40 (0.74-
2.65, p=0.295) 

1.18 (0.59-2.35, 
p=0.649) 

1.22 (0.62-2.42, 
p=0.560) 

 Moderate 338 
(50.4) 

0.89 (0.48-
1.65, p=0.705) 

0.83 (0.44-1.56, 
p=0.564) 

0.82 (0.44-1.53, 
p=0.530) 

Smoking history Never 354 
(51.8) 

- - - 

 Current 44 
(6.4) 

1.80 (0.77-
4.24, p=0.178) 

0.98 (0.35-2.78, 
p=0.973) 

0.65 (0.22-1.90, 
p=0.430) 

 Ex-smoker 286 
(41.8) 

0.96 (0.60-
1.52, p=0.862) 

0.93 (0.57-1.52, 
p=0.768) 

0.91 (0.57-1.44, 
p=0.680) 

  

184



 

 

6.3.10: Never MCR time-to-event model 

Dependent: 
Survival 

 all HR (DSS CPH 
univariable) 

HR (DSS CPH 
multivariable) 

HR (competing 
risks 
multivariable) 

  N (%)    

Never MCR MCR at 
any stage 

60 
(11.0) 

- - - 

 Never 
MCR 

483 
(89.0) 

0.40 (0.22-
0.76, p=0.005) 

0.48 (0.23-0.99, 
p=0.046) 

0.52 (0.25-1.09, 
p=0.084) 

Age, years Mean (SD) 76.2 
(0.7) 

1.14 (0.81-
1.62, p=0.454) 

1.03 (0.67-1.60, 
p=0.885) 

0.95 (0.60-1.51, 
p=0.830) 

Sex Female 330 
(48.2) 

- - - 

 Male 354 
(51.8) 

1.23 (0.79-
1.91, p=0.358) 

1.08 (0.61-1.93, 
p=0.786) 

1.04 (0.58-1.88, 
p=0.890) 

Education, years Mean (SD) 10.8 
(1.1) 

0.78 (0.63-
0.96, p=0.017) 

0.78 (0.60-1.01, 
p=0.059) 

0.77 (0.59-0.99, 
p=0.045) 

Occupational 
class 

Non-
manual 

540 
(80.0) 

- - - 

 Manual 135 
(20.0) 

1.30 (0.76-
2.22, p=0.342) 

1.06 (0.50-2.26, 
p=0.874) 

1.05 (0.50-2.23, 
p=0.900) 

comorbidity_w3 Mean (SD) 2.3 
(1.3) 

0.95 (0.79-
1.13, p=0.568) 

0.94 (0.75-1.17, 
p=0.558) 

0.90 (0.74-1.09, 
p=0.290) 

Depression, 
HADS-D 

Mean (SD) 2.8 
(2.3) 

1.15 (1.05-
1.25, p=0.002) 

1.09 (0.97-1.21, 
p=0.141) 

1.10 (0.98-1.23, 
p=0.120) 

BMI, kg/m2 Mean (SD) 27.7 
(4.5) 

0.98 (0.93-
1.04, p=0.532) 

0.95 (0.88-1.01, 
p=0.107) 

0.95 (0.90-1.01, 
p=0.088) 

Physical activity 
level 

High 124 
(18.5) 

- - - 

 Low 209 
(31.1) 

1.40 (0.74-
2.65, p=0.295) 

1.27 (0.59-2.75, 
p=0.539) 

1.24 (0.57-2.71, 
p=0.580) 

 Moderate 338 
(50.4) 

0.89 (0.48-
1.65, p=0.705) 

0.82 (0.41-1.65, 
p=0.582) 

0.84 (0.42-1.67, 
p=0.610) 

Smoking history Never 354 
(51.8) 

- - - 

 Current 44 
(6.4) 

1.80 (0.77-
4.24, p=0.178) 

1.45 (0.46-4.64, 
p=0.527) 

1.39 (0.42-4.61, 
p=0.590) 

 Ex-smoker 286 
(41.8) 

0.96 (0.60-
1.52, p=0.862) 

1.17 (0.66-2.04, 
p=0.594) 

1.14 (0.66-1.96, 
p=0.650) 
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