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Abstract

Background—The Motoric Cognitive Risk Syndrome (MCR) is characterized by slow gait
speed and cognitive complaints.

Objectives—The objective of this study was to determine if the presence of MCR increases the
risk of falls in older people.

Methods—Individual participant data (n7=6,204) from five longitudinal studies from three
countries were used for this analysis. MCR diagnosis was defined as both the presence of
objectively measured slow gait speed and subjective cognitive complaints in those without
dementia or mobility disability. Falls were prospectively ascertained using phone calls or
questionnaires. Log binomial regression was performed to determine if MCR increased the risk of
falls separately in each cohort. Random effects meta-analysis was used to pool results from all
cohorts.

Results—The mean age of participants was 74.9 (SD 6.8) years and 44% (n= 2728) were male.
Overall 33.9% (n=2104) reported a fall over follow-up. Pooled relative risk of MCR with any
falls was RR 1.44 95% CI 1.16, 1.79. The components of MCR, slow gait (RR 1.30 95% CI 1.14,
1.47) and cognitive complaint (RR 1.25, 95% CI 1.07, 1.46) were also associated with an
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increased risk of any falls. In sub-analyses MCR was associated with any fall independent of
previous falls (RR 1.29 95% CI 1.09, 1.53) and with multiple falls (RR 1.77, 95% CI 1.25, 2.51).

Conclusion—MCR is associated with an increased risk of falls. The increase in risk was higher
than for its individual components. The simplicity of the MCR makes it an attractive falls risk
screening tool for the clinic.
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INTRODUCTION

Falls occur in over 30% of older people living in the community [1]. A fall can resultin a
number of adverse outcomes ranging from minor injury to fracture, hospitalization or even
death [2]. The long-term effects of falls include fear of falling [3], subsequent loss of
mobility, and increased need for care or nursing home placement [2]. Identifying those at
risk of falling and subsequently implementing appropriate interventions is an important goal
in geriatric care.

Risk factors for falls are multifactorial, and include physical impairments such as reduced
gait and balance [4] as well as cognitive impairment in the domains of executive function,
attention, processing speed, and memory [5-7]. Gait speed has emerged as an important
marker of people at risk of falls as it likely represents an overall summary measure of a
person’s ability to compensate for age and disease related impairments in multiple systems
[1, 8]. Importantly, the co-existence of both gait and cognitive impairments appears to be
multiplicative in increasing the overall risk of falling [5].

Screening older people for falls risk is recommended at least once per year by a health
professional [9]. Assessment of gait and balance is currently recommended in the screening
phase. Cognitive testing is assessed in the second stage as part of a multifactorial assessment
if screening is positive [9, 10]. This may be due to time commitments or the requirement of
a specialized health professional to administer and interpret some cognitive tests. However, a
simple measure of cognition in combination with a gait assessment may better assist in
identifying those most at risk of falling.

Recently, we reported on a new pre-dementia syndrome—the Motoric Cognitive Risk
Syndrome (MCR)—characterized both by slow gait and presence of subjective cognitive
complaints [11-13]. MCR was shown to have improved predictive validity for dementia
compared to its individual components of subjective cognitive complaints or slow gait [11].
MCR may provide a sensitive screening test for falls as its components are also important
falls risk factors.

Therefore, the aim of this study was to determine if the presence of MCR increases the risk
of falls using data from five longitudinal cohort studies of community-dwelling older people
based in three countries. We hypothesized that a diagnosis of MCR would be a stronger risk
factor for falls than its individual cognitive and motor components.
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MATERIALS AND METHODS

Participants

The MCR falls study includes individual data for participants from five established
longitudinal aging studies in the USA (n= 3), ltaly (7= 1), and Australia (7= 1). Individual
study details have been published previously [14-18], and are briefly summarized here.
LonGenity recruited an Ashkenazi Jewish cohort from New York City (USA) and
surrounding counties with the aim of identifying longevity associated genotypes [14]. The
Einstein Aging Study (EAS) is a population-based study of cognitive ageing in community-
dwelling older people from Bronx county (USA) [12, 15]. The Health and Retirement Study
(HRS) is a population-based study in the USA, which aims to examine changes in labor
force participation and health in retirement [16, 19]. INCHIANTI is a population-based study
of older people recruited from the Chianti region (Tuscany, Italy), with the aim of
developing tools and treatments to prevent mobility problems [17]. The Tasmanian Study of
Cognition and Gait (TASCOG) is a population-based study that aims to determine the neural
correlates of cognition, gait and falls in older people from, Tasmania, Australia [18]. For this
analysis, participants were included if they were aged =60 years, had an assessment of
subjective complaints, objectively measured walking speed and ascertainment of falls after
the baseline assessment. Participants were excluded if they resided in a nursing home, or
were diagnosed with dementia. For LonGenity and EAS cohorts, dementia was diagnosed
after review of all clinical and neuropsychological data at consensus case conferences. Self-
report or proxy report of a dementia diagnosis was used to exclude participants in the HRS
and INCHIANTI studies. A combination of self-report or proxy and available clinical and
neuropsychological data was used in TASCOG. All studies obtained written consent from
participants and had local institutional ethics approval.

Motaoric cognitive risk syndrome diagnosis

MCR diagnosis was defined as both the presence of slow gait speed and cognitive
complaints in those without dementia or immobility (inability to ambulate even with
assistance or walking aids) [12]. The operational definition and methods used to diagnose
MCR is analogous to mild cognitive impairment (MCI) [20]. Both disorders require
subjective cognitive complaints. For MCI, objective cognitive impairment is required while
for MCR objective gait impairment is necessary. Gait impairment was defined based on
walking speed (cm/s) one standard deviation below age and sex specific means. Cohort
specific norms were developed (Table 1) to account for differences in populations and
testing procedures (as done in our previous MCR validation study and described further in
Table 2) [12]. Subjective cognitive complaints were obtained based on responses to items on
standardized questionnaires. Subjective cognitive procedures are further outlined in Table 2.

Strengths of the components of MCR are that slow gait is defined objectively, independent
of clinical gait evaluations that may be prone to variable sensitivity and specificity as well as
being examiner dependent. Subjective cognitive complaints do not require formal cognitive
testing, but have been reported to be associated with reduced cognitive function and
increased risk of dementia [21].
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Falls were ascertained for 12 months after baseline assessment for EAS and TASCOG. Falls
were ascertained in EAS every 2 months by telephone and in-person at the 12-month follow-
up visits, and for TASCOG every 2 months by questionnaire. In the other cohorts, a
standardized question about falls in the past 12 months (INCHIANTI, LonGenity) or past 24
months (HRS) was used at the follow-up subsequent to the MCR ascertainment. The number
of falls that were reported over the time period was available in INCHIANTI, TASCOG, and
HRS. In TASCOG, EAS, and LonGenity, a fall was defined as an unexpected event in which
the participant comes to rest on the ground, floor, or lower level not due to a major intrinsic
or extrinsic event. INCHIANT]I used a similar definition of a fall coming to the ground that
occurred during the last year. HRS did not further define falls over the question “Have you
fallen down in the past 2 years”. Falls prior to MCR assessment were available in all cohorts
(all previous 12 months other than HRS which was previous 24 months).

Other measures

Age, sex, education, and self-report of physician diagnosis of hypertension, diabetes, heart
condition, arthritis, and stroke were obtained using a standardized questionnaire in each
study. The presence of a lung condition was also available in EAS and HRS. Depressive
symptoms were assessed with the short form of the Geriatric Depression Scale (GDS) for
LonGenity, EAS and TASCOG, and The Center for Epidemiologic Studies Depression Scale
(CES-D) for HRS and INCHIANTI.

Statistical analysis

T-tests and Chi-squared analyses were used to compare participants included in the study
with those excluded due to missing data. Descriptive statistics were used to summarize the
characteristics of participants. Log binomial regression was performed to determine if MCR
increased the relative risk of falls separately in each cohort. All models were adjusted for
age and sex. Further adjustment was made for education and the above listed medical
conditions if the relevant variable changed the coefficient of MCR by more than 10%.
Weighted analysis was carried out on the HRS data using the 2008 respondent level
population weights, updated in 2011 (http://hrsonline.isr.umich.edu/sitedocs/userg/
dr-013.pdf). Random effects meta-analysis was used to pool results from each cohort.
Heterogeneity between studies was reported as the 12 statistic, and tested using XZ test. This
analysis procedure was repeated in separate models for the two components of MCR (slow
gait and cognitive complaint), including an analysis with MCR cases excluded.

The extent to which study-level variables explained heterogeneity in the relationship
between MCR and falls was explored using meta-regression. The following variables were
considered: Method of measuring gait speed (GAITRite or stopwatch) and the cognitive
complaint measurement question (GDS/self-report or Disability scale). To account for the
possibility that the findings may have been biased from missing data, we performed the
analysis between MCR and falls using inverse propensity weighting. Complete cases are
weighted by the inverse of their probability of being a complete case, with those that have a
low probability of being a complete case receiving a larger weight. Regression models
controlling for baseline information (age, sex, years of education, and all medical conditions
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described above) were used to estimate the probability of response in each cohort separately,
and the reciprocals of these propensities were used as weights in the analysis of risk.

MCR sub-analyses

We conducted two sub-analyses. As previous falls is an important screening question we
adjusted models for this variable to determine the independence of the relationship between
MCR and future new falls. We also examined the relationship between MCR and
prospective multiple falls (0/1 for >s2 falls) where this information was available
(INCHIANTI, HRS, and TASCOG). STATA 12 was used for all analyses. All studies
obtained written and informed consent from participants and were approved by the local
ethics committees (EAS and LonGenity: Einstein Institutional Review Board; HRS:
University of Michigan and National Institute on Aging Institutional Review Board;
INCHIANTI: Instituto Nazionale Riposo e Cura Anziani institutional review board in Italy;
TASCOG: The Southern Tasmanian Health and Medical Human Ethics committee).

RESULTS

There were a total of 8,369 participants in the five studies. Participants were excluded if they
were <60 years (/7= 250), had dementia (7= 192), or resided in a nursing home (1= 49),
leaving 7,878 eligible for the study. Participants with missing gait (7= 792), cognitive
complaint (7= 1), or missing follow-up falls data (n= 881) were also excluded leaving a
total of 6,204 eligible participants. Compared to those with missing data in each cohort:
LonGenity participants were younger (p < 0.001), more educated (p = 0.03), and more likely
to report a myocardial infarct (o= 0.01); EAS participants were younger (p < 0.001) and less
likely to report a history of arthritis (o = 0.01); HRS participants were younger, better
educated, and less likely to have diabetes, a heart condition, stroke, depression, a lung
condition (all p<0.001), or arthritis (p=0.01); INCHIANTI participants were younger and
less likely to report a history of arthritis or high blood pressure (p < 0.001). There were no
differences between those included in TASCOG versus those with missing data (p > 0.05).

The characteristics of participants in each cohort are shown in Table 2. The mean age of
participants was 74.9 years (SD 6.8; range 60-105) and 44.0% (n7= 2,728) were male. Mean
years of education were 12.1 (4.4). Forty-five percent (n= 2,773) of participants reported a
cognitive complaint, 13.8% (7= 853) had slow gait, and 7.5% (7= 463) had a diagnosis of
MCR.

Overall 33.9% (n = 2,104) of participants reported any fall over study follow-up. Figure 1
shows the percentage of incident fallers in each cohort by baseline MCR diagnosis. The
percentage of falls was higher in those with a diagnosis of MCR in EAS (p = 0.04),
TASCOG (p<0.001), HRS (p < 0.001), and InChi-anti (p < 0.001), but not in LonGenity (p
= 0.74). Data on multiple falls were available in HRS (706/3640, 19.4%); TASCOG (68/406,
16.8%); and INCHI-ANTI (76/832, 9.1%). Number of previous falls in each study were:
LonGenity (121/500, 24.2%); EAS (207/808, 25.6%); HRS (1098/3632, 30.2% over 24
months), INCHIANTI (172/832, 20.6%); and TASCOG (66/401 16.5%).
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MCR and any fall by cohort

Table 3 provides the relative risk of falls for MCR status, slow gait, and cognitive complaint
in separate models by cohort. After adjustment for age and sex, MCR was associated with
increased risk of falls in HRS (RR 1.36, 95% CI 1.18, 1.58), InCHI-ANTI (RR 1.78 95% ClI
1.23, 2.55), and TASCOG (RR 2.15 95% CI 1.57, 2.94). Although the risk was increased in
LonGenity (RR 1.06 95% CI 0.74, 1.52) and EAS (RR 1.18 95% CI 0.93, 1.49), these
associations did not reach statistical significance. The addition of other potential
confounders (demographic and medical history described above) did not change the co-
efficient of MCR by more than 10% in any of the cohorts and were therefore not included in
the models. For the individual components of MCR (Table 3), slow gait was associated with
increased risk of falls in HRS, INCHIANTI, and TASCOG, but not for LonGenity and EAS.
Subjective cognitive complaints were only associated with increased risk of falls in HRS and
INCHIANTI.

Pooled estimates of MCR and any fall

Figure 2 shows the relative risk of falls for MCR in the individual cohorts as well as the
pooled estimates. Pooled relative risk of MCR with any fall was RR 1.44 95% CI 1.16, 1.79
(XZ 13.19 p=0.01; 12 = 69.7%). In propensity-weighted analysis for missing data this
association was largely unchanged for each cohort or for the pooled estimates (RR 1.44
95%Cl 1.16, 1.78; x2 13.22 p=0.01; 12 = 69.7%). In meta-regression analysis, the method
of ascertaining slow gait or cognitive complaint was not associated with the effect of MCR
on falls risk (all p> 0.05). For the components of MCR, in separate models slow gait (RR
1.30 95% ClI 1.14, 1.47; X2 6.38 p=0.17 12 = 37.3%) and cognitive complaint (RR 1.25
95% ClI 1.07, 1.46; XZ 8.94 p=0.06 12 = 55.3%) were associated with an increased risk of
falls. In analysis with MCR cases excluded, the strength of the association between slow gait
(RR 1.25 95% CI 1.09, 1.43; XZ 3.40 p=0.49 12 = 0 %), cognitive complaints (RR 1.17
95% Cl 1.06, 1.30; y? = 4.40 p=0.35 12 = 9.1 %), and falls was slightly reduced.

Sub-analyses

Adjusting the association between MCR and falls by previous fallsin each cohort reduced
the strength of associations (LonGenity 1.04 95% CI 0.72, 1.49; EAS RR 1.13 95% CI 0.90,
1.41; HRS RR 1.20, 95% CI 1.05,1.36; INCHIANTI RR 1.68, 95% CI 1.17, 2.40; TASCOG
RR 1.73, 95% CI 1.26, 2.37), but MCR remained significantly associated with falls in
pooled analysis (RR 1.29 95% CI 1.09, 1.53).

MCR was associated with multiple fallsin HRS (RR 1.59, 95% CI 1.30, 1.94) and TASCOG
(RR 3.23 95% CI 1.46, 7.16) but not INCHIANTI (RR 1.55 0.76, 3.18). Overall MCR was
associated with multiple falls in pooled analysis (RR 1.77, 95% CI 1.25, 2.51). This
association reduced in strength but persisted after adjusting for previous falls (RR 1.37 95%
Cl 1.16, 1.62).

DISCUSSION

By combining five large cohorts of older people across three countries, and with a total of
6,204 participants we show for the first time that the presence of MCR at baseline was
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associated with a 44% increased risk of future falls in pooled analyses. The increase in risk
was higher than for slow gait speed, a recommended falls risk screening test [22]. The
simplicity of the MCR makes it an attractive, quick, and inexpensive screening tool for falls
in the clinic.

Our study has several strengths. This is the first study to examine the association between
MCR and risk of falls. To do this, we combined five longitudinal population based studies of
older people from three different countries, increasing power and generalizability of results.
Gait speed, cognitive complaints, and falls ascertainment were obtained with standardized
protocols and questionnaires in each study. However, there were also limitations to the study.
In the pooled analysis, there was a moderate to large amount of heterogeneity, potentially
due to the different procedures used to diagnose MCR and ascertain falls, as well as
differences in cohorts and their underlying comorbidities. These differences were
unavoidable, as each study was designed before the inception of this analysis and the MCR
concept. In the included studies, gait speed was either obtained with an electronic mat or
derived from time taken to walk over a fixed distance. To account for differences in
procedures, we defined slow gait separately in each cohort by age and sex similar to that of
MCI [23]. However, this method may limit its applicability to the clinic. The range of
methods for diagnosing cognitive complaint highlights the need for a consistent definition of
MCR in future studies. Interestingly studies with a question about memory over a longer
time frame were less likely to be associated with falls. Although falls were measured
prospectively after baseline assessment for MCR, the time from baseline assessment varied
between cohorts and questions about falls covered periods ranging from 2—-24 months,
potentially resulting in recall bias and missing some falls in LonGenity, HRS, and
INCHIANTI. However, despite HRS obtaining falls data after 2 years, a recent analysis
found an increase in reporting of falls over study waves (1998-2010) that was potentially
due to improved reporting, rather than age, disability, or chronic disease factors [24]. Despite
limitations, the prevalence of MCR [11] and percentage of falls [25] were consistent with
that previously reported in the literature and the relationship between MCR and falls for
each cohort was in the expected direction. It is possible that the longer follow-up led to
under reporting of falls and therefore our results may provide a conservative estimate of the
association between MCR and falls. Additionally, meta-regression analysis did not find
measurement differences associated with the effect of MCR on falls, although our power
was limited.

MCR was a stronger predictor of falls than its individual components—slow gait speed and
subjective cognitive complaints. Findings for the individual components of MCR are
consistent with previous studies that have shown slow gait speed [1, 8, 22] and poorer
cognitive function, measured using standardized neuropsychological tests [5, 7, 26], increase
the risk of falls in older community dwelling people. In concordance, the assessment of gait
is a core component of fall risk screenings in older people [9, 10]. In contrast, assessment of
cognitive impairment is not generally recommended as part of an initial screening for falls
risk in the community setting, but later as part of a multifactorial assessment if screening
tests are positive [9, 10]. This may be due to the time required to perform cognitive testing
or the need for a qualified health professional. The advantage of a diagnosis of MCR is that
it is comprised of a quick and simple question regarding a cognitive complaint that does not
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require trained staff, combined with a timed gait test that can be performed quickly and
inexpensively without any specialized equipment. This simplicity makes it an attractive falls
risk screening tool in a wide variety of outpatient settings.

We carried out two sub-analyses. In pooled analysis from three cohorts, MCR increased the
risk of multiple falls by 77%. The associations were stronger than for any falls. This is not
surprising as we have previously found physical risk factors are more likely to predict
multiple, rather than single falls [1]. Secondly, we found that MCR was associated with falls
independent of previous falls, indicating the importance of also assessing MCR as part of
screening for falls in older people.

The mechanism underlying the relationship between MCR and falls is uncertain, but likely
due to factors underlying its individual components. Gait speed has been described as a good
summary measure of a person’s overall ability to compensate for decline in multiple body
systems [27] including sensorimotor and cognitive function [28, 29], which are also
common risk factors for falls. Subjective cognitive complaints may also reflect actual
cognitive impairment [30, 31], but in addition are associated with psychological distress [32]
and personality traits such as neuroticism, perceived stress, and ineffective coping styles
[33]. Interestingly, these psychological factors are associated with increased falls risk, with
the underlying mechanisms largely unknown, but potentially related to fear of falling,
reductions in physical activity, or centrally acting medications [34-37]. Alternatively it is
plausible that the combination of slow gait and subjective cognitive complaints increases an
individual’s risk of falling by reducing their overall ability to compensate for physical
impairments with adequate cognitive function or vice versa. Finally, the few studies
examining correlates of MCR have reported associations with higher levels of chronic
disease, dementia, depression, hypertension, diabetes, obesity, and sedentariness as well as
stroke [12, 13, 38], suggesting MCR may be a good marker of overall health. A number of
these factors provide potential targets for therapeutic interventions to prevent falls. Exercise
in particular is recommended to improve gait speed [39], cognition [40], cardiovascular risk
[41], and psychological symptoms [42]. However, further studies are required to determine if
addressing modifiable risk can reverse MCR and reduce the risk of falls in older people.

In conclusion the results of this and our previous studies [11, 12] suggest MCR is a high-risk
clinical syndrome that predicts adverse health outcomes such as falls in older people.
Diagnosing MCR provides a quick and inexpensive falls-risk screening test for the clinic,
that if present suggests the need for a comprehensive multifactorial falls risk assessment [9].
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Fig. 1.

ME(;:R status plotted against the percentage of people who reported any fall by cohort. MCR,
Motoric Cognitive Risk syndrome; EAS, Einstein Aging Study; HRS, Health Retirement
Study; INCHIANTI, Invecchiare in Chianti; TASCOG, Tasmanian Study of Cognition and
Gait; Falls were ascertained over a 12-month period except for HRS where the question
asked about falls in the previous 2 years.
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Study RR [95% CI]  Weight
HRS —a 1.37 [1.18-1.58] 26.5%
EAS N - 1.18 [0.93-1.49] 22.3%
TASCOG L 2.15 [1.57-2.94] 18.5%
LonGenity — e 1.06 [0.74 - 1.52] 16.4%
INCHIANTI N 1.78 [1.23-2.55] 16.3%
Pooled RR —~ 144 [1.16-1.79]
T

Fig. 2.
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Motoric Cognitive Risk syndrome and risk of falls for each cohort and pooled analysis.
Models adjusted for age and sex.
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Table 1

Slow Gait Cut points for each cohort
Slow Gait Cuts (cm/s)

M=275 M<75 F=275 F<75
Australia (TASCOG) 86.00 102.82 71.97 9357
USA (LonGenity) 85.35 101.95 76.73 97.44
USA (HRS) 48.36 61.36 4242 53.61
Italy (InCHIANTI) 69.70 9380 56.79 85.73
USA (Einstein Aging Study)  72.2 880 664 767"

Page 14

TASCOG, Tasmanian Study of Cognition and Gait; HRS, Health Retirement Study; INCHIANTI, Invecchiare in Chianti; EAS, Einstein Aging

Study;

*
The EAS cohort did not recruit participants younger than age 70, and the cut scores are for participants aged 70 to 74 years.
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