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MCR group also had Mild Cognitive Impairment, and almost everyone in the MCR

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.
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1 | INTRODUCTION

Dementia is a leading cause of morbidity and mortality globally.
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.® 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.* MCR is a better predictor of dementia than its
individual components of slow gait or cognitive complaint alone.®®

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,® 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 2013.2 As such, and despite a growing body of literature on
MCR, it isimportant to determine its prevalence and associated factors
in diverse global populations. To date, prevalence rates range from
1.7%° (Australia) to 27% (India).” Generally, higher-income countries
have lower prevalence rates of MCR, although how the MCR criteria
are operationalised across studies also affects rates.® 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.” It also reported that
the MCR group were 76% more likely to develop cognitive impairment
and that MCR is prognostic of future falls and earlier mortality.”

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

developing dementia.

e 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

e The prevalence of MCR in this older Scottish cohort ranged from 5.3% to 5.7% over three

e Factors associated with MCR in this cohort include age, socioeconomic status and tests of

e There is partial overlap between individuals with MCR and Mild Cognitive Impairment, but
almost all individuals with MCR also had either Prefrailty or Frailty.

which have previously been associated with MCR&1%1! 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.'? 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.®* 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.**

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.
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Wave 1 (Baseline)
n=1091
Mean age (SD) = 69.5 (0.8)

gesyeaed WILEY_ | °

225 participants lost (20.6% of Wave 1)
39 died
151 withdrew
13 not well enough / no longer eligible

A 4
Wave 2
n = 866

Mean age (SD) =72.5 (0.7)

19 lost contact
3 other reasons

169 participants lost (19.5% of Wave 2)
38 died
96 withdrew
18 not well enough / no longer eligible

8 lost contact
9 other reasons

Wave 3 7 participants ineligible for MCR derivation
n =690
Mean 2le (SD) =76.3 (0'7) 147 participants lost (21.1% of Wave 3)
o 40 died
e 72 withdrew
[ep) 21 not well enough / no longer eligible
g 9 lost contact
> 5 other reasons
‘g Wave 4 4 participants ineligible for MCR derivation
£ n =543
© =
g’ Mean s (SD) 79.3 (0'6) 118 participants lost (21.6% of Wave 4)
= Reasons not yet known
8 - Note 8 participants who did not
o participate at wave 4 due to being too
O - unwell later participated at wave 5
S 3 participants ineligible for MCR derivation
Wave 5
n=425

Mean age (SD) = 82.0 (0.5)

FIGURE 1 Flow chart of sample selection

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.® 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.®

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).*®

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).'®

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
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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 (FEV4), 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 MCR&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.)” 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)*® and physical Frailty level according to Fried
phenotype (Frail/Prefrail/not frail)l® 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 x> 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).?° 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.?*"2% All

statistical analyses were conducted in R version 4.0.2.2%

3.4 | Subgroup analysis

Common to most prospective longitudinal studies of ageing,
LBC1936 is susceptible to sampling bias through attrition.'®
Compared to individuals who remained in the study, those who
dropped out at each wave had lower age-11 1Q scores, lower Mini-
Mental State Examination (MMSE) scores, lower socioeconomic

class, and poorer physical fitness.'®> 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.*

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-

|14

drawal.™ 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% Cl 4.0-
7.6; n = 39/690) at wave 3, 5.3% (95% Cl 3.6-7.5; n = 29/543) at
wave 4%, and 5.4% (95% Cl 3.6-8.2; n = 23/425) at wave 5. The
mean prevalence of MCR was 5.5% (95% Cl 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% Cl 5.1-11.6; n = 23/269)
at wave 3% and 11% (95% Cl 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
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TABLE 1 Gait speed cut-offs by age and sex in this cohort for
defining Motoric Cognitive Risk

Gait speed (m/s)

Age range (mean), years Wave 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.

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 FEV, 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.

44 | 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.*7 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% Cl 7.4-
15.2) across all three waves. Of those participants with MCR,
overlap with MCl is 39.3% at wave 3, 52.6% at wave 4%, and 50%

at wave 5, averaging 46% (95% Cl 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% Cl 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).% 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 Ageing®
and The Irish Longitudinal Study on Ageing?® 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.?¢
Our gait speed cut-offs were higher than most reported in other
studies of MCR for each age- and sex-matched group.®¢?” 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.?® 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.%°

Lower socioeconomic status, as defined by having had a manual

occupation, was associated with having MCR later in life. Individuals
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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.2® However, it is possible that the less
cognitively demanding nature of manual work overrides any pro-

k,29

tective effects of being more physically active at worl resulting in

a net increase in MCR prevalence in individuals with lower socio-

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.>® 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.®° 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.”*%2 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-Ill UK,%® pre-
dominantly assesses processing speed. An age-related reduction in
processing speed has long been recognised as the most commonly
affected cognitive ability with ageing®* and a leading indicator of
changes in memory in older adults.?*3> 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

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.)” Consistent with the literature,
alcohol consumption was also not significantly associated with
MCR status.®2%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 LBC1936.51%1125 The lack of association be-
tween MCR and BMlI, 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.®#1%! 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
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physical fitness, is notably higher than the general population.t®*
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Wave 3 Wave 4

MCI MCI

Frail Prefrail

Wave 5 FIGURE 2 The overlap between Motoric
Cognitive Risk (MCR), Mild Cognitive
Impairment (MCI) and Frailty level in the
LBC1936 cohort. Top, MCR and MCI overlap
eb at waves 3, 4 and 5. Bottom, MCR, MClI, Frailty
and Prefrailty overlap at waves 4 and 5. Frailty
MCR and Prefrailty were not measured at wave 3
MCI due to lack of necessary variables. By
definition, participants cannot be classed as
Frail and Prefrail simultaneously

Frail Prefrail

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.®” 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.®® This study also reported that MCR captured
early features of dementia in the absence of MCI.%®

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).>? 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.”*® 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.> Assessing for both pro-
dromes is likely to yield more people at high risk of developing
dementia.® Third, the decision as to whether MCR, MClI, 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
iliness, 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.*° 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
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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.

AUTHOR CONTRIBUTIONS

Donncha S. Mullin, Graciela Muniz-Terrera, Tom C. Russ, and
Michelle Luciano generated the idea for the present manuscript.
Donncha S. Mullin obtained and analysed the data, draughted the
manuscript, and is the guarantor. Miles Welstead and Lucy E Stirland
provided additional data and code. All authors edited the manuscript
and gave final approval of the version to be published. The corre-
sponding author attests that all listed authors meet authorship
criteria and that there has been no omission of others meeting the

criteria.

ACKNOWLEDGEMENTS

The authors are very grateful to the LBC1936 participants past and
present. Their commitment and contributions have made this work
and many other important studies possible. Dr DS Mullin would like
to thank Prof Joe Verghese for encouraging this work and showing
wonderful hospitality during a research visit to the Divisions of
Cognitive and Motor Aging at Einstein and Montefiore, New York
City. The funders had no role in the production of this study. The
present manuscript received no direct funding. DSM is undertaking a
PhD Clinical Fellowship funded by the Masonic Charitable Founda-
tion and the Royal College of Psychiatrists, United Kingdom.
Dr Mullin is very grateful for their support. TCR is a member of the
Alzheimer Scotland Dementia Research Centre, which is funded by
Alzheimer Scotland. All researchers are independent of their funders.

CONFLICTS OF INTEREST
The author declares that there is no conflict of interest that could be

perceived as prejudicing the impartiality of the research reported.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Donncha S. Mullin
Miles Welstead

https://orcid.org/0000-0002-1679-8067
https://orcid.org/0000-0003-4615-2539

REFERENCES

1. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,
intervention, and care: 2020 report of the Lancet Commission.
Lancet. 2020;396(10248):413-446. https://doi.org/10.1016/50140-
6736(20)30367-6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kivipelto M, Mangialasche F, Ngandu T. Lifestyle interventions to
prevent cognitive impairment, dementia and Alzheimer disease. Nat
Rev Neurol. 2018;14(11):653-666. https://doi.org/10.1038/s41582-
018-0070-3

Verghese J, Wang C, Lipton RB, Holtzer R. Motoric cognitive risk
syndrome and the risk of dementia. J Gerontol Ser A Biol Sci Med Sci.
2013;68(4):412-418. https://doi.org/10.1093/gerona/gls191
Verghese J, Wang C, Lipton RB, Holtzer R, Xue X. Quantitative gait
dysfunction and risk of cognitive decline and dementia. J Neurol
Neurosurg Psychiatry. 2007;78(9):929-935. https://doi.org/10.1136/
jnnp.2006.106914

Verghese J, Annweiler C, Ayers E, et al. Motoric cognitive risk syn-
drome: multicountry prevalence and dementia risk. Neurology.
2014;83(8):718-726.  https://doi.org/10.1212/WNL.00000000000
00717

Callisaya ML, Ayers E, Barzilai N, et al. Motoric cognitive risk syn-
drome and falls risk: a multi-center study. J Alzheimer’s Dis. 2016;
53(3):1043-1052. https://doi.org/10.3233/JAD-160230

Wang N, Allali G, Kesavadas C, et al. Cerebral small vessel disease
and motoric cognitive risk syndrome: results from the Kerala-
Einstein study. J Alzheimer’'s Dis. 2016;50(3):699-707. https://doi.
org/10.3233/JAD-150523

Meiner Z, Ayers E, Verghese J. Motoric cognitive risk syndrome: a
risk factor for cognitive impairment and dementia in different pop-
ulations. Ann Geriatr Med Res. 2020;24(1):3-14. https://doi.org/10.
4235/agmr.20.0001

Mullin DS, Cockburn A, Welstead M, Luciano M, Russ TC, Muniz-
Terrera G. Mechanisms of motoric cognitive risk—hypotheses
based on a systematic review and meta-analysis of longitudinal
cohort studies of older adults. Alzheimer’s Dement. 2022. https://doi.
org/10.1002/ALZ.12547

Igbal K, Hasanain M, Ahmed J, et al. Association of motoric cognitive
risk syndrome with cardiovascular and noncardiovascular factors: a
systematic review and meta-analysis. J Am Med Dir Assoc.
2022;23(5):810-822. https://doi.org/10.1016/j.jamda.2021.11.035
Semba RD, Tian Q, Carlson MC, Xue Q-LL, Ferrucci L. Motoric
cognitive risk syndrome: integration of two early harbingers of de-
mentia in older adults. Ageing Res Rev. 2020;58(January):101022.
https://doi.org/10.1016/j.arr.2020.101022

Sathyan S, Ayers E, Gao T, et al. Frailty and risk of incident motoric
cognitive risk syndrome. J Alzheimer’s Dis. 2019;71(s1):585-593.
https://doi.org/10.3233/JAD-190517

Taylor AM, Pattie A, Deary 1J. Cohort profile update: the Lothian
Birth Cohorts of 1921 and 1936. Int J Epidemiol. 2018;47(4):
1042-1042r. https://doi.org/10.1093/ije/dyy022

Deary |J, Gow AJ, Pattie A, Starr JM. Cohort profile: the Lothian
Birth Cohorts of 1921 and 1936. Int J Epidemiol. 2012;41(6):
1576-1584. https://doi.org/10.1093/ije/dyr197

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A prac-
tical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12(3):189-198. https://doi.org/10.
1016/0022-3956(75)90026-6

Townsend P. Poverty in the United Kingdom: A Survey of Household
Resources and Standards of Living. Allen Lane and Penguin Books;
1979.

Jee L, Rasmussen H, Caspi A, et al. Association of Neurocognitive
and Physical Function with gait speed in midlife. JAMA Netw Open.
2019;2(10):1-15. https://doi.org/10.1001/jamanetworkopen.2019.
13123

Welstead M, Luciano M, Muniz-Terrera G, Taylor AM, Russ TC.
Prevalence of mild cognitive impairment in the Lothian Birth Cohort
1936. Alzheimer Dis Assoc Disord. 2021;35(3):230-236. https://doi.
org/10.1097/WAD.0000000000000433

Welstead M, Muniz-Terrera G, Russ TC, et al. Inflammation as a risk
factor for the development of frailty in the Lothian Birth Cohort

85U80| 7 SuoWIWOD aATee.) 3|qeal|dde sy Aq peusenob afe ssjpie YO ‘8sn Jo Sa|ni 10} Areiq1]8uluQ 481 UO (SUOIIIPUOD-PUB-SWLBI/L0D A3 | 1M AR1q 1 BU1|UO//SANY) SUOIPUOD pue SWis | 8y 8eS “[220z/0T/¥T] uo Akiqiauljuo A|1IM ‘8010 aued yBinquip3 ‘SN Pueiods 1o} uoreanpa SHN Ad t285'sdb/z00T 0T/10p/woo Ae|im-Areiqjeut|uoy/sdny wouj pepeojumod ‘TT ‘2202 ‘99TT660T


https://orcid.org/0000-0002-1679-8067
https://orcid.org/0000-0002-1679-8067
https://orcid.org/0000-0003-4615-2539
https://orcid.org/0000-0003-4615-2539
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1038/s41582-018-0070-3
https://doi.org/10.1038/s41582-018-0070-3
https://doi.org/10.1093/gerona/gls191
https://doi.org/10.1136/jnnp.2006.106914
https://doi.org/10.1136/jnnp.2006.106914
https://doi.org/10.1212/WNL.0000000000000717
https://doi.org/10.1212/WNL.0000000000000717
https://doi.org/10.3233/JAD-160230
https://doi.org/10.3233/JAD-150523
https://doi.org/10.3233/JAD-150523
https://doi.org/10.4235/agmr.20.0001
https://doi.org/10.4235/agmr.20.0001
https://doi.org/10.1002/ALZ.12547
https://doi.org/10.1002/ALZ.12547
https://doi.org/10.1016/j.jamda.2021.11.035
https://doi.org/10.1016/j.arr.2020.101022
https://doi.org/10.3233/JAD-190517
https://doi.org/10.1093/ije/dyy022
https://doi.org/10.1093/ije/dyr197
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1001/jamanetworkopen.2019.13123
https://doi.org/10.1001/jamanetworkopen.2019.13123
https://doi.org/10.1097/WAD.0000000000000433
https://doi.org/10.1097/WAD.0000000000000433
https://orcid.org/0000-0002-1679-8067
https://orcid.org/0000-0003-4615-2539

| WILEY-

20.

21.

22.
23.
24.

25.

26.
27.

28.

29.

30.

31

32.

Geriatric Psychiatry

MULLIN ET AL

1936. Exp Gerontol. 2020;139:111055. https://doi.org/10.1016/J.
EXGER.2020.111055

Harrison E, Pius R. R for Health Data Science. 1st ed. Chapman and
Hall/CRC; 2021. Accessed 25 April 2022. https://www.routledge.
com/R-for-Health-Data-Science/Harrison-Pius/p/book/978036742
8198

Streiner DL. Best (but oft-forgotten) practices: the multiple prob-
lems of multiplicity—whether and how to correct for many statistical
tests. Am J Clin Nutr. 2015;102(4):721-728. https://doi.org/10.3945/
AJCN.115.113548

O’Keefe DJ. Colloquy: should familywise alpha be adjusted? Against
familywise alpha adjustment. Hum Commun Res. 2003;29(3):431-447.
https://doi.org/10.1093/HCR/29.3.431

Rothman KJ. No adjustments are needed for multiple comparisons.
Epidemiology. 1990;1(1):43-46. https://doi.org/10.1097/00001648-
199001000-00010

R Core Development Team. A Language and Environment for Statistical
Computing. Vol 2. R Found Stat Comput; 2020. Accessed 23
November 2021. https://www.R-project.org

Maguire FJ, Killane |, Creagh AP, Donoghue O, Kenny RA, Reilly
RB. Baseline association of motoric cognitive risk syndrome with
sustained attention, memory, and global cognition. J Am Med
Dir Assoc. 2018;19(1):53-58. https://doi.org/10.1016/j.jamda.2017.
07.016

Bohannon RW, Williams Andrews A. Normal walking speed: a
descriptive  meta-analysis.  Physiotherapy. 2011;97(3):182-189.
https://doi.org/10.1016/j.physio.2010.12.004

Verghese J, Ayers E, Barzilai N, et al. Motoric cognitive risk syndrome:
multicenter incidence study. Neurology. 2014;83(24):2278-2284.
https://doi.org/10.1212/WNL.0000000000001084

Willey JZ, Moon YP, Kulick ER, et al. Physical inactivity predicts slow
gait speed in an elderly multi-ethnic cohort study: the Northern
Manhattan Study (NOMAS). Neuroepidemiology. 2017;49(1-2):24-30.
https://doi.org/10.1159/000479695

Petersen JD, Wehberg S, Packness A, et al. Association of socio-
economic status with dementia diagnosis among older adults in
Denmark. JAMA Netw Open. 2021;4(5):e2110432. https://doi.org/10.
1001/JAMANETWORKOPEN.2021.10432

Yogev-Seligmann G, Hausdorff JM, Giladi N. The role of executive
function and attention in gait. Mov Disord. 2008;23(3):329-342.
https://doi.org/10.1002/mds.21720

Blumen HM, Allali G, Beauchet O, Lipton RB, Verghese J. A gray
matter volume covariance network associated with the motoric
cognitive risk syndrome: a multicohort MRI study. J Gerontol Ser A
Biol Sci Med Sci. 2019;74(6):884-899. https://doi.org/10.1093/
gerona/gly158

Blumen HM, Schwartz E, Allali G, et al. Cortical thickness, volume, and
surface area in the motoric cognitive risk syndrome. J Alzheimer’s Dis.
2021;81(2):651-665. https://doi.org/10.3233/jad-201576

33.

34.

35.

36.

37.

38.

39.

40.

Deary |J, Gow AJ, Taylor MD, et al. The Lothian Birth Cohort 1936: a
study to examine influences on cognitive ageing from age 11 to age
70 and beyond. BMC Geriatr. 2007;7:1-12. https://doi.org/10.1186/
1471-2318-7-28

Salthouse TA. The processing-speed theory of adult age differences
in cognition. Psychol Rev. 1996;103(3):403-428. https://doi.org/10.
1037/0033-295X.103.3.403

Finkel D, Reynolds CA, McArdle JJ, Pedersen NL. Age changes in
processing speed as a leading indicator of cognitive aging. Psychol
Aging. 2007;22(3):558-568. https://doi.org/10.1037/0882-7974.22.
3.558

Rosano C, Perera S, Inzitari M, Newman AB, Longstreth WT, Stu-
denski S. Digit Symbol Substitution test and future clinical and
subclinical disorders of cognition, mobility and mood in older adults.
Age Ageing. 2016;45(5):688-695. https://doi.org/10.1093/AGEING/
AFW116

Buracchio T, Dodge HH, Howieson D, Wasserman D, Kaye J. The
trajectory of gait speed preceding mild cognitive impairment. Arch
Neurol. 2010;67(8):980-986. https://doi.org/10.1001/archneurol.
2010.159

Yaqub A, Darweesh SKL,Darweesh KL, et al. Risk factors, neuroimaging
correlates and prognosis of the motoric cognitive risk syndrome:
a population-based comparison with mild cognitive impairment.
Eur J Neurol. 2022;00(6):1-13. https://doi.org/10.1111/ene.15281
Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evi-
dence for a phenotype. J Gerontol Ser A Biol Sci Med Sci. 2001;56(3):
M146-M156. https://doi.org/10.1093/gerona/56.3.m146

Study Quality Assessment Tools | NHLBI, NIH. Accessed April 15,
2021. https://www.nhlbi.nih.gov/health-topics/study-quality-assess
ment-tools

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Mullin DS, Stirland LE, Welstead M,
Russ TC, Luciano M, Muniz-Terrera G. Prevalence and
predictors of Motoric Cognitive Risk syndrome in a
community-dwelling older Scottish population: a longitudinal
observational study. Int J Geriatr Psychiatry. 2022;1-10.
https://doi.org/10.1002/gps.5824

85U80| 7 SuoWIWOD aATee.) 3|qeal|dde sy Aq peusenob afe ssjpie YO ‘8sn Jo Sa|ni 10} Areiq1]8uluQ 481 UO (SUOIIIPUOD-PUB-SWLBI/L0D A3 | 1M AR1q 1 BU1|UO//SANY) SUOIPUOD pue SWis | 8y 8eS “[220z/0T/¥T] uo Akiqiauljuo A|1IM ‘8010 aued yBinquip3 ‘SN Pueiods 1o} uoreanpa SHN Ad t285'sdb/z00T 0T/10p/woo Ae|im-Areiqjeut|uoy/sdny wouj pepeojumod ‘TT ‘2202 ‘99TT660T


https://doi.org/10.1016/J.EXGER.2020.111055
https://doi.org/10.1016/J.EXGER.2020.111055
https://www.routledge.com/R-for-Health-Data-Science/Harrison-Pius/p/book/9780367428198
https://www.routledge.com/R-for-Health-Data-Science/Harrison-Pius/p/book/9780367428198
https://www.routledge.com/R-for-Health-Data-Science/Harrison-Pius/p/book/9780367428198
https://doi.org/10.3945/AJCN.115.113548
https://doi.org/10.3945/AJCN.115.113548
https://doi.org/10.1093/HCR/29.3.431
https://doi.org/10.1097/00001648-199001000-00010
https://doi.org/10.1097/00001648-199001000-00010
https://www.R-project.org
https://doi.org/10.1016/j.jamda.2017.07.016
https://doi.org/10.1016/j.jamda.2017.07.016
https://doi.org/10.1016/j.physio.2010.12.004
https://doi.org/10.1212/WNL.0000000000001084
https://doi.org/10.1159/000479695
https://doi.org/10.1001/JAMANETWORKOPEN.2021.10432
https://doi.org/10.1001/JAMANETWORKOPEN.2021.10432
https://doi.org/10.1002/mds.21720
https://doi.org/10.1093/gerona/gly158
https://doi.org/10.1093/gerona/gly158
https://doi.org/10.3233/jad-201576
https://doi.org/10.1186/1471-2318-7-28
https://doi.org/10.1186/1471-2318-7-28
https://doi.org/10.1037/0033-295X.103.3.403
https://doi.org/10.1037/0033-295X.103.3.403
https://doi.org/10.1037/0882-7974.22.3.558
https://doi.org/10.1037/0882-7974.22.3.558
https://doi.org/10.1093/AGEING/AFW116
https://doi.org/10.1093/AGEING/AFW116
https://doi.org/10.1001/archneurol.2010.159
https://doi.org/10.1001/archneurol.2010.159
https://doi.org/10.1111/ene.15281
https://doi.org/10.1093/gerona/56.3.m146
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1002/gps.5824

	Prevalence and predictors of Motoric Cognitive Risk syndrome in a community‐dwelling older Scottish population: A longitudi ...
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study design
	2.2 | Participants and study size

	3 | IDENTIFICATION OF MCR
	3.1 | Covariates
	3.2 | MCR overlap with MCI and Frailty levels
	3.3 | Statistical methods
	3.4 | Subgroup analysis
	3.5 | Missing data

	4 | RESULTS
	4.1 | MCR prevalence
	4.2 | Baseline covariate differences
	4.3 | Subgroup analysis
	4.4 | MCR, MCI and Frailty level overlap

	5 | DISCUSSION
	5.1 | MCR prevalence
	5.2 | Baseline covariate differences
	5.3 | Overlap of MCR, MCI, Prefrailty and Frailty
	5.4 | Implications

	6 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT


