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Background: This study aimed to assess whether integrating handgrip strength
(HGS) into the concept of motoric cognitive risk (MCR) would enhance its
predictive validity for incident dementia and all-cause mortality.

Methods: A cohort of 5, 899 adults from the Health and Retirement Study
underwent assessments of gait speed, subjective cognitive complaints, and
HGS were involved. Over a 10-year follow-up, biennial cognitive tests and
mortality data were collected. Cox proportional hazard analyses assessed the
predictive power of MCR alone and MCR plus HGS for incident dementia and
all-cause mortality.

Results: Patients with MCR and impaired HGS (MCR-HGS) showed the highest
adjusted hazard ratios (AHR) for dementia (2.33; 95% Cl, 149-3.65) and
mortality (1.52; 95% CI, 1.07-2.17). Even patients with MCR and normal
HGS (MCR-non-HGS) experienced a 1.77-fold increased risk of incident
dementia; however, this association was not significant when adjusted for
socioeconomic status, lifestyle factors, and medical conditions. Nevertheless,
all MCR groups demonstrated increased risks of all-cause mortality. The
inclusion of HGS in the MCR models significantly improved predictive
discrimination for both incident dementia and all-cause mortality, as indicated
by improvements in the C-statistic, integrated discrimination improvement (IDI)
and net reclassification indices (NRI).

Conclusion: Our study underscores the incremental predictive value of adding
HGS to the MCR concept for estimating risks of adverse health outcomes among
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older adults. A modified MCR, incorporating HGS, could serve as an effective
screening tool during national health examinations for identifying individuals at
risk of dementia and mortality.

KEYWORDS

motoric cognitive risk syndrome, all-cause mortality, handgrip strength, Cox regression,
net reclassification indices, integrated discrimination improvement

Introduction

The global increase in both the elderly population and
life expectancy has led to a significant rise in dementia cases,
presenting a substantial public health challenge. Approximately
55 million people worldwide are affected by dementia, with the
economic impact estimated at 1.1% of the global gross domestic
product, a figure that is expected to double by 2030 (WHO,
2023). Projections indicate that the number of people living with
dementia will rise from 55 million in 2019 to 139 million by 2050,
with associated costs likely to surpass $2.8 trillion annually by
2030 (Alzheimer’s Disease International, 2023). In light of these
projections, enhancing our understanding of dementia risk factors
is essential, particularly through prospective, population-based
studies. Although modifiable risk factors such as body mass index,
alcohol consumption, smoking, poor diet, and physical activity
have been linked to dementia (Livingston et al., 2020), data on
markers of cognitive and physical capability, including subjective
cognitive decline (Slot et al., 2019), gait speed (Dumurgier et al.,
2017), muscular strength (Carson, 2018), or their combination
(Chen et al.,, 2012; Montero-Odasso et al., 2020), are still limited.

Motoric cognitive risk syndrome (MCR) is a predementia
condition characterized by both slow gait and subjective cognitive
decline in elderly individuals without dementia (Verghese et al,
2013). Studies have shown that MCR prevalence varies from 2 to
18% in different countries (Congcong and Linping, 2021), with a
pooled prevalence of 9.7% among individuals aged 60 and older
across 17 countries (Verghese et al, 2014). MCR is linked to
an increased risk of multiple falls (RR 1.77, 95% CI 1.25, 2.51)
(Callisaya et al., 2016), incident dementia (Verghese et al., 2014;
Beauchet et al., 2020), disability (Chhetri et al., 2017) and all-cause
mortality (Bortone et al., 2022; Pajuelo-Vasquez et al., 2023). These
findings highlight that MCR involves both cognitive and mobility
impairments, posing challenges for families and healthcare systems.
While slow gait in older adults has multiple causes (Camicioli
et al., 1998; Verghese et al,, 2007), including cognitive complaints
in the MCR criteria improves its predictive validity (Verghese
et al,, 2014). Although informant reports can help in identifying
dementia, their reduced sensitivity might overlook solitary older
adults, thus narrowing the group of older adults considered at
risk. The variability in the criteria for MCR is balanced by mutual
enhancements, making MCR a more effective predictor of cognitive
decline than either slow gait or cognitive complaints alone.

Physical capability, also known as physical functioning,
describes an individual’s ability to perform daily physical tasks.
Objective measures such as handgrip strength (HGS), walking
speed, chair rising, and standing balance are not only indicators
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of physical capability but also markers for current and future
health outcomes (Cooper et al., 2011), including all-cause mortality
(Cooper et al,, 2010). However, research into physical capability
and dementia faces challenges including small sample sizes, short
follow-up periods, and inadequate adjustment for confounding
factors. Additionally, previous studies have shown the incremental
predictive power of including chair rising or standing balance tests
in established MCR frameworks (Sekhon et al., 2019b; Chung and
Byun, 2023), but their prognostic value for all-cause mortality
has not been fully explored. Muscle strength, especially HGS,
is a valuable marker of wellbeing, associated with the ability
to perform activities of daily living (ADLs). In the context of
MCR, which involves subjective cognitive concerns and a slowing
of gait speed while maintaining independence in basic ADLs, a
decline in HGS might be overlooked without careful attention to
MCR patients. HGS, assessed using a hand-held dynamometer,
is favored for its simplicity, reliability, and cost-effectiveness,
making it a preferred method in epidemiological studies. Several
studies have demonstrated that HGS is an effective screening tool
for predicting adverse outcomes and mortality in middle-aged
and elderly populations (Bohannon, 2008; Cooper et al., 2010),
as well as in very old community-dwelling populations (Ling
et al, 2010). Furthermore, recent studies suggest that HGS may
indicate brain health and cognitive decline (Alfaro-Acha et al,
2006; McGrath et al., 2019), although these associations could be
prone to reverse causation bias. Further research into the links
between HGS, MCR, and adverse health outcomes in large-scale
population studies is needed to clarify its potential prognostic
value.

The relationship between HGS, MCR, cognitive function, and
gait in older adults has increasingly attracted scholarly interest.
Jia et al. (2023) identified a strong link between HGS and MCR,
suggesting that early identification of HGS asymmetry and decline
might facilitate the prevention and treatment of MCR. Similarly,
Zhang et al. (2020) found a negative correlation between HGS
and the prevalence of MCR in older men, noting that more
significant reductions in HGS were associated with an increased
risk of MCR. Although various subtypes of MCR have been
identified based on quantitative gait parameters (Allali et al., 2016)
or cognitive subdomains (Bortone et al., 2022), the potential of
HGS to predict future all-cause dementia and mortality has not
yet been investigated. Moreover, to the best of our knowledge, no
studies have concurrently assessed whether MCR or MCR-HGS
estimates dementia and all-cause mortality in a large, nationwide,
community-based population, or whether MCR patients with
normal HGS have improved predictive accuracy over using
MCR alone.
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Addressing these research gaps, we proposed a modified
MCR framework that incorporates both MCR and HGS, based
on well-established criteria, and utilized data from a prospective
cohort of community-dwelling older adults without dementia. We
investigated the concurrent validity of MCR and MCR-HGS in
predicting incident dementia and all-cause mortality. Our analysis
also examined whether this modified MCR framework, including
HGS, offers additional predictive value for incident dementia
and all-cause mortality compared to using MCR alone in this
nationwide cohort study.

Materials and methods

Sample

This study utilized data from Waves 10-15 of the Health
and Retirement Study (HRS), a comprehensive longitudinal study
exploring the aging process in Americans aged 51 and older. The
HRS employs a multi-stage probability sampling method to achieve
a nationally representative sample of this demographic (Heeringa
and Connor, 1995). It gathers self-reported information on
demographics, chronic health conditions, daily activities, disability
status, and other health determinants initially and biennially
thereafter. Starting in 2006, the HRS introduced an enhanced face-
to-face interview including physical performance tests, biomarker
collections, and a leave-behind questionnaire on psychosocial
issues. In 2006, half of the households were randomly selected for
the enhanced interview, with the remaining households included
in 2008, a method maintained in later waves. Additional details on
the HRS’s recruitment tactics and structure are provided in earlier
publications (Heeringa and Connor, 1995).

The baseline analysis merged data from the 2008-2009 (Wave
9) and 2010-2011 (Wave 10) cycles, the first time participants were
queried about Alzheimer’s disease (AD) or dementia, replacing
previous questions about “memory-related disease.” Mortality
information has been available since 2011. A total of 22,034
participants completed Wave 10 and were tracked biennially until
2020-2021 (Wave 15). The University of Michigan Institutional
Review Board approved the HRS study. The final sample included
5,089 individuals who were 65 years or older, had comprehensive
baseline data on MCR measures, reported no difficulties with ADLs
or instrumental activities of daily living (IADLs) at baseline, were
not diagnosed with AD or dementia initially, and were alive in
2010/2011. Figure 1 illustrates the flow of participants through each
stage of selection based on these criteria.

Measures

Motoric cognitive risk syndrome

MCR syndrome was defined by the presence of subjective
cognitive complaints and slow gait in older adults who did not
have a mobility disability or dementia (Verghese et al., 2012, 2013,
2014). In the HRS, gait speed, measured in meters per second, was
determined by the time it took to walk a 2.5-meter course at a
normal pace within participants’ homes. Slow gait was defined as
performance at least one standard deviation (SD) below the age and
sex-adjusted mean, a criterion previously used in the HRS to define
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MCR (Ayers and Verghese, 2016). Details of the cut-off points for
slow gait were provided in Supplementary Table 1.

Subjective cognitive complaints were assessed using two
questions: 1. “How would you rate your memory at the present
time? Would you say it is excellent, very good, good, fair, or poor?”
and 2. “Compared with the previous interview, would you say your
memory is now better, about the same, or worse than it was?”
Responses of “fair” or “poor” to the first question, or “worse” to
the second, were used to identify cognitive complaints.

Handgrip strength

Muscle strength was evaluated using the average of two
handgrip strength (HGS) measurements with a dynamometer
on the dominant hand. The Smedley spring-type handgrip
dynamometer (Scandidact; Odder, Denmark) was utilized for
this purpose. Prior to testing, trained interviewers explained
the HGS protocols and adjusted the dynamometer to fit the
hand size of each participant. A practice trial was conducted
with the participant’s arm positioned at the side and the elbow
flexed at 90 degrees. Following the identification of the dominant
hand, participants were instructed to squeeze the dynamometer
with maximal effort, starting with the non-dominant hand. HGS
was measured twice on each hand, alternating between hands.
Participants who were unable to stand or position their arm
while grasping the dynamometer were allowed to be seated and
rest their upper arm on a supporting object during the HGS
testing. Further details on the HGS measurement protocol in the
HRS are available elsewhere (Crimmins et al., 2016). Weakness
was identified when grip strength fell below thresholds adjusted
for Body Mass Index (BMI) and gender, as established in the
Cardiovascular Health Study (CHS) (Fried et al, 2001). Details
of the criteria for weakness definition were also provided in
Supplementary Table 1. Participants were noted as having missing
data for physical measures if they were unable to perform the
assessments due to lack of appropriate facilities or equipment, or
due to recent surgery.

Dementia

Biennial cognitive function tests were administered by trained
HRS interviewers either in-person or via telephone using the
Modified Telephone Interview for Cognitive Status (TICS-m),
which is a global cognition test based on the Mini-Mental State
Examination. The TICS-m includes immediate and delayed 10-
noun free recall tests (score range: 0-10 for each), a serial
seven subtraction test (score range: 0-5), and a counting
backward from 20 test (score range: 0-2). Higher scores indicate
better cognitive performance. During each assessment, HRS
participants were classified as having normal cognition, mild
cognitive impairment (MCI), or dementia based on established
thresholds and comprehensive evaluations, including expert
clinician adjudication from the Aging, Demographics, and Memory
Study (ADAMS), a dementia sub-study within the HRS framework.
The diagnosis of dementia was based on physician-diagnosed
dementia and TICS scores between 0 and 6 (Langa et al.,, 2005;
Crimmins et al., 2011).

All-cause mortality

Mortality data were collected, including the year and month
of death, sourced from an exit interview or the core interview of
a spouse or partner.
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8, 720 were excluded due to age below 65 years.

1, 739 were excluded due to difficulty in ADLs.

2, 945 were excluded due to difficulty in IADLs.

1, 633 were excluded due to having dementia in 2010.

d due to having Alzheimer's disease in 2010.

38 were excluded due to having dementia record in 2008.

> 31 died participants in 2010/2011 were excluded.

1, 834 were excluded due to missing key variables in

defining MCR, PCDS or CF, or key demographic and
socioeconomic covariates.

Bai et al.
22, 034 participants completed interview in 2010 - 2011 (Wave 10)
5 were
6, 992 participants remained
Pooled with data from 2008 - 2009 (Wave 9)

Pooled with follow-up data from 2012- 2013 (Wave 11),

2014 - 2015 (Wave 12), 2016 - 2017 (Wave 13), 2018 -

2019 (Wave 14), 2020 - 2021 (Wave 15)

A
5, 089 participants
were included in
final analysis
FIGURE 1

Study flowchart of participant selection.

Statistical analysis

We assessed differences between the non-MCR groups, MCR
patients with normal handgrip strength (MCR-non-HGS), and
MCR patients with impaired handgrip strength (MCR-HGS) using
a two-sided, independent t-test and the XZ test. To evaluate
the impact of MCR and MCR-HGS on all-cause dementia
and mortality, Cox proportional hazards regression analysis was
employed. The observation period ranged from the index date to
the earliest of the following events: onset of dementia, death, or
the end of the observation period on 31 December 2018. Adjusted
hazard ratios (AHRs) were calculated for health controls, MCR-
non-HGS, and MCR-HGS to predict the onset of dementia and
all-cause mortality, initially in an unadjusted model. Adjustments
for covariates were made in two stages: Model 1 adjusted for age
and gender, while Model 2 further incorporated socioeconomic
factors (education level, marital status), lifestyle factors (excessive
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drinking), and medical conditions (hypertension and diabetes). The
predictive accuracy of all models was assessed using discrimination,
which is defined by the model’s ability to differentiate between
individuals who develop dementia and those who do not, quantified
using Harrell’s C-statistic with survival taken into account. To
determine the extent of the incremental predictive value added by
including HGS (as a continuous variable) to the MCR base model,
net reclassification indices (NRI) and integrated discrimination
improvement (IDI) were calculated and compared.

Several sensitivity analyses were conducted to verify the
stability of our findings. First, to focus on new cases and reduce
reverse causation bias, individuals diagnosed with dementia or
who died within two years of follow-up were excluded (Sensitivity
analysis I). Second, to address missing data, ten imputed data sets
were generated using the multiple imputation by chained equations
(MICE) method (Wulff and Jeppesen, 2017) for covariates with
missing values, and the main analyses were reperformed to
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check robustness (Sensitivity analysis II). Statistical analyses were
conducted using two-tailed tests with a significance level set at
P < 0.05 and 95% confidence intervals, employing Stata (version
17) for all statistical procedures.

Results

Baseline characteristics

The initial characteristics of the study participants are detailed
in Table 1. The cohort initially included 5,089 individuals, with
prevalence rates of 2.3% for MCR-non-HGS patients and 1.1% for
MCR-HGS patients. Among these, MCR-HGS patients were the
oldest, with an average age of 77.44 & 7.37 years and the highest
percentage of males at 57.89% in this group. Over the follow-up
period, 1,542 patients (30.3%) died. The incidence rates of all-cause
dementia were 35.3% for MCR-non-HGS patients and 56.1% for
MCR-HGS patients.

Relationships of MCR, MCR-non-HGS
patients, and MCR-HGS patients with
incident dementia and all-cause
mortality

Table 2 shows significant relationships between MCR and
MCR-HGS and increased risks of incident dementia, and all models
reveal increased risks of all-cause mortality (all p-values < 0.001).
MCR-HGS had the highest AHRs for both outcomes, with 2.33
(95% CI, 1.49-3.65) for dementia and 1.52 (95% CI, 1.07-2.17) for
mortality. MCR-non-HGS patients had a 1.77-fold increased risk
of incident dementia (95% CI, 1.21-2.59) when adjusted for age
and gender; however, this relationship was not significant when
further adjusted for socioeconomic status, lifestyle factors, and
medical conditions. Still, a persistent increased risk of all-cause
mortality was noted, with a 1.40-fold increase (95% CI, 1.03-1.91)
after comprehensive adjustments. For MCR-HGS patients, AHRs
for dementia and mortality consistently decreased across models,
while for all MCR patients, AHRs initially increased from the
unadjusted model to adjusted Model 1, then decreased with further
adjustments. Sensitivity analyses I (Supplementary Table 2) and II
(Supplementary Table 3) consistently indicated an elevated risk of
dementia for MCR and MCR-HGS patients, as well as increased
mortality across all groups.

Added value of HGS to MCR syndrome in
predicting incident dementia and
all-cause mortality

Compared with MCR alone, the discrimination (C-statistic)
for predicting incident dementia and all-cause mortality is higher
when HGS is included (MCR+HGS), as shown in Table 3. The
C-statistic significantly increased from 0.7142 for MCR alone
to 0.7194 for MCR+HGS in predicting incident dementia (p-
value = 0.023), and from 0.7114 for MCR alone to 0.718 for
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MCR+HGS in predicting all-cause mortality (p-value < 0.001).
Additionally, incorporating HGS into the multivariate model
improves discrimination (IDI = 0.0022 for incident dementia
and 0.01 for all-cause mortality, p-value < 0.01). The NRI also
underscores this improved discrimination when continuous HGS
is added to MCR prediction models (NRI = 0.0751 for incident
dementia, p-value = 0.0445; NRI = 0.1735 for all-cause mortality,
p-value < 0.0001).

The Kaplan-Meier curve, depicted in Figure 2, illustrates the
duration to incident dementia or all-cause mortality, stratified
by MCR-non-HGS, MCR-HGS, and healthy controls, with
adjustments made for all covariates. Both curves show a decline
over the follow-up period, with a notably pronounced decrease
observed among patients (all p-values for log-rank tests < 0.0001).

Discussion

To our knowledge, this is the first study to assess the benefit
of integrating HGS with MCR in predicting incident dementia
and all-cause mortality among a large, representative cohort of
older adults across a follow-up period exceeding 10 years. Our
results corroborate previous studies on the accuracy of MCR in
estimating dementia risk, despite variations in study populations,
follow-up lengths, and definitions of MCR and dementia diagnosis.
We demonstrate the discriminative and predictive power of
the MCR-HGS combination in forecasting future adverse health
outcomes, thereby enabling the early identification of older adults
in need of further clinical evaluation and those at increased
risk of developing dementia. Additionally, we found that MCR
patients with normal handgrip strength do not show a heightened
risk of incident dementia following comprehensive adjustment,
highlighting the improved clinical utility and applicability of the
MCR-HGS approach, especially in environments where handgrip
strength assessment is practical.

The AHR for all-cause dementia among MCR-HGS patients
(2.33; 1.49-3.65) was comparable to that reported for MCR in
a multicohort study (AHR = 1.93) (Verghese et al, 2014), and
exceeded the rates found for other modified MCR concepts such
as MCR-TUG (timed-up-and-go test, AHR = 2.03) and MCR-OLS
(one-leg-standing test, AHR = 2.05) from previous studies (Chung
and Byun, 2023). However, we found no significant associations
between MCR-non-HGS and incident dementia after adjusting for
all confounders, which suggests that diminished muscle strength
might act as an early marker of impaired neural processing (Alfaro-
Acha et al,, 2006), offering greater sensitivity and precision in
measuring cognitive function than subjective cognitive decline. In
contrast, an MCR subtype characterized using the 5-times-sit-to-
stand, which includes a balance component, was less predictive
of cognitive decline than MCR defined by slow gait in earlier
studies (Sekhon et al., 2019b). The complex nature of maximum
grip strength, which requires intricate coordination of numerous
motor units and brain networks, was highlighted (Jia et al., 2023).
Previous research has also connected MCR with reduced gray
matter volume, particularly in regions such as the premotor cortex
and prefrontal areas, alongside lacunar lesions in the frontal
lobe, indicating a better capability to predict neurodegenerative
cortical dementia over subcortical types (Beauchet et al, 2016;
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TABLE 1 Characteristics of included patients at baseline according to MCR status and handgrip strength.

Variable Non-MCR MCR patients with normal MCR patients with impaired
(n = 4913) handgrip strength handgrip strength
(n =119) (n =57)
Age 74.74 + 6.13 72.62 +4.97 77.44 +7.37 <0.001
Male 2,085 (42.44%) 46 (38.66%) 33 (57.89%) 0.044

Educational background

Illiterate 764 (15.55%) 35 (29.41%) 21 (36.84%) < 0.001
Primary or above 2,911 (59.25%) 73 (61.34%) 29 (50.88%)
Secondary or above 1,238 (25.20%) 11 (9.24%) 7 (12.28%)
Married 3,053 (62.14%) 61 (51.26%) 34 (59.65%) 0.051

Medical history

Hypertension 1, 669 (33.97%) 30 (25.21%) 56 (75.68%) 0.067
Diabetes 1, 081 (22.00%) 38 (31.93%) 11 (19.30%) 0.032
Excessive drink 3, 488 (71.00%) 100 (84. 03%) 43 (75.44%) 0.006
Incident all-cause 814 (16.59%) 28 (23.53%) 20 (35.71%) < 0.001
dementia

Mortality 1, 468 (29.88%) 42 (35.29%) 32 (56.14%) < 0.001

TABLE 2 Multivariable analysis for the prediction of dementia and all-cause mortality including baseline characteristics.

Unadjusted HR? Model 1°: adjusted HR Model 2€: adjusted HR
(95% Cl) (95% Cl) (95% Cl)

All-cause dementia

No Ref. Ref. Ref.

MCR patients with normal handgrip strength 1.37 (0.94-2.00) 1.77 (1.21-2.59) 1.33(0.91-1.95)
MCR patients with impaired handgrip strength 3.21 (2.06-5.01) 2.78 (1.78-4.34) 2.33(1.49-3.65)
MCR 1.80 (1.34-2.41) 2.09 (1.56-2.80) 1.63 (1.21-2.18)

All-cause mortality

No Ref. Ref. Ref.

MCR patients with normal handgrip strength 1.13 (0.84-1.54) 1.58 (1.16-2.15) 1.40 (1.03-1.91)
MCR patients with impaired handgrip strength 2.32 (1.64-3.30) 1.68 (1.18-2.38) 1.52 (1.07-2.17)
MCR 1.46 (1.15-1.84) 1.62 (1.28-2.05) 1.33 (1.05-1.68)

2HR, hazard ratio. "Model 1 adjusted for age and gender. Model 2 further adjusted for educational background, marital status, excessive drinking, hypertension and diabetes.

TABLE 3 Modification of the predictive value after adding the handgrip strength to the MCR syndrome.

Adjusted HR? C-statistic A p-value IDI¢
(95% CI)° C-statistic

All-cause dementia

MCR 1.63 (1.21-2.19) 0.7142
MCR+handgrip 1.53 (1.14-2.06) 0.7194 0.0052 0.023 0.0022 0.0036 0.0751 0.0445
strength

All-cause mortality

MCR 1.45 (1.15-1.84) 0.7114
MCR+handgrip 1.33 (1.05-1.68) 0.718 0.0066 < 0.001 0.01 < 0.0001 0.1735 < 0.0001
strength

HR, hazard ratio. ®95% CI, 95% confidence interval. “ID, integrated discrimination improvement. *NRI, net reclassification indices.
Sekhon et al, 2019a). Moreover, neural networks associated than in motor execution. Yet, detailed studies on the structural

with MCR displayed atrophy in gray matter areas involved in  relationships between HGS and MCR within the central nervous
gait control, particularly in planning and modulation, rather  system are still scarce. Considering the ease of measuring HGS,
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MCR-HGS could be advocated as a valuable diagnostic tool for
predicting adverse outcomes in older adults. More research is
necessary to determine the pathological importance of HGS and
to clarify the prognostic significance of MCR-HGS in forecasting
future all-cause dementia and mortality (Blumen et al., 2019).

In our study, the AHR for all-cause mortality among MCR-
HGS patients was 1.52 (95% CI 1.07-2.17), a magnitude similar
to those reported for MCR syndrome (Ayers and Verghese, 2016),
moderate-to-severe cognitive impairment (Kelman et al, 1994;
Sachs et al, 2011; Perna et al, 2014), and other predementia
syndromes (Gussekloo et al., 1997; Park et al., 2014). In contrast
to incident dementia, a consistent and significant association was
observed between MCR-non-HGS and all-cause mortality across
all models. Specifically, the mortality risks were 1.58 (95% CI
1.16-2.15) and 1.40 (95% CI 1.03-1.91) in adjusted Models 1
and 2, respectively. Predementia syndromes may elevate mortality
risk by exacerbating geriatric syndromes that are associated
with higher mortality in the aging population. For instance,
cognitive impairment can increase the risk of life-threatening
events such as delirium (Inouye, 2006), depression (Pellegrino
et al., 2013), medication mismanagement (Hayes et al., 2009),
and falls (Doi et al,, 2015). Previous studies have shown that
MCR is associated with a higher risk of developing Alzheimer’s
disease dementia and vascular dementia subtypes (Verghese et al.,
2013, 2014). Moreover, pathologies related to dementia, including
cerebrovascular disease and regional brain atrophy particularly in
the frontal lobes, have been linked to increased mortality risks
(Nidgga et al., 2014).

MCR-HGS shows incremental predictive validity for all-cause
mortality beyond that of MCR alone in our study. While both
low HGS and slow gait speed are associated with a higher risk
of mortality (Cooper et al, 2010), previous studies have not
investigated the combined effects of HGS, gait speed, and subjective
cognitive complaints on mortality. Several possible reasons can
explain this observation. First, muscle weakness associated with
aging may indicate chronic disease (Guadalupe-Grau et al.,, 2015)
and a decline in physical function (Bohannon, 2008; Bouchard
et al., 2009), both of which are connected to a higher risk of
mortality (Yerrakalva et al., 2015; Pavasini et al., 2016). Second,
changes in HGS can more quickly reflect nutritional deficiencies
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or recovery compared to alterations in muscle mass (Norman
etal, 2011). Malnutrition can heighten mortality risk, with changes
in related biomarkers potentially making elderly patients more
susceptible to infections and associated mortality (Yoshikawa and
High, 2001; Norman et al, 2011). Third, simultaneous declines
in cognitive and physical capabilities correlate with reduced
hemoglobin levels (Atkinson et al, 2005), which may directly
reduce oxygen delivery to the brain, peripheral nerves, and muscles.
Moreover, poor physical performance is linked to significant
endocrine dysfunction, inflammation, and oxidative stress, all
factors that increase mortality risk (Cooper et al., 2010).

This study supports the validity of modified MCR concepts
(MCR-HGS) as estimators of dementia and mortality in a nationally
representative, homogeneous population, following adjustments
for age-related confounding factors. Although neurophysiologic
tests are generally expensive and require specialized professionals
for administration, MCR-HGS provides a simple and efficient
alternative for identifying high-risk individuals. Using continuous
measurements minimizes information loss, and dichotomized
variables for HGS can be derived from population-based cut-points
(Bahat et al., 2020) or previous guidelines (Blanquet et al., 2022).
Furthermore, the MCR-HGS assessment is not influenced by the
participant’s educational level or by learning effects from repeated
testing, which enhances its credibility and validity. Nevertheless,
the approach has several limitations. Additional HGS testing,
while potentially increasing the ability to discriminate negative
health outcomes, also adds to the physicians’ workload and
limits the feasibility of remote assessments due to the need for
dynamometers. The lack of objective neuropsychological testing
may lead to the oversight or misdiagnosis of some conditions.
However, a sensitivity analysis that excluded participants diagnosed
with dementia within two years of the index date strengthened
the robustness of our findings. Moreover, due to differences in
individual HGS profiles across various countries, our conclusions
may not be generalizable to other populations. Future research
involving multi-country cohorts is warranted to validate our
findings across diverse populations. Finally, it was not possible
to control for other confounding variables that may influence
dementia development, such as APOE genotype or imaging
biomarkers (Baumgart et al., 2015), in this study.
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Conclusion

Our extensive nationwide cohort study demonstrates the added
value of handgrip strength in the modified MCR (MCR-HGS)
for predicting incident dementia and all-cause mortality, beyond
the original MCR concepts. These results indicate that modified
MCR can act as an effective and practical screening method
to estimate the risks of dementia and mortality during national
health assessments in older populations. Future research should
explore the cost-effectiveness of incorporating HGS measurements
in clinical or community settings versus reliance on self-reported
questionnaires to identify potential patients. Additionally, further
studies on the physical and neurobiological characteristics of MCR-
HGS as a risk factor for dementia and mortality are needed,
along with analyses of how MCR combined with other physical
capabilities might better identify at-risk individuals.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: https://hrsdata.isr.umich.
edu/data-products/public-survey-data.

Ethics statement

The studies involving humans were approved by the University
of Michigan Institutional Review Board approved the HRS study.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

WB: Conceptualization, Data curation, Methodology,
Supervision, Validation, Visualization, Writing - original draft.

References

Alfaro-Acha, A., Snih, S., Raji, M., Kuo, Y., Markides, K., and Ottenbacher, K. (2006).
Handgrip strength and cognitive decline in older Mexican Americans. J. Gerontol. Ser.
A Biol. Sci. Med. Sci. 61, 859-865.

Allali, G., Ayers, E., and Verghese, J. (2016). Motoric cognitive risk syndrome
subtypes and cognitive profiles. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 71, 378-384.

Alzheimer’s Disease International (2023). World Alzheimer report 2023. London:
Alzheimer’s Disease International.

Atkinson, H., Cesari, M., Kritchevsky, S., Penninx, B., Fried, L., Guralnik, J., et al.
(2005). Predictors of combined cognitive and physical decline. J. Am. Geriatr. Soc. 53,
1197-1202.

Ayers, E., and Verghese, J. (2016). Motoric cognitive risk syndrome and risk of
mortality in older adults. Alzheimers Dement. 12, 556-564.

Bahat, G., Kilic, C., Altinkaynak, M., and Akif Karan, M. (2020). Comparison of
standard versus population-specific handgrip strength cut-off points in the detection
of probable sarcopenia after launch of EWGSOP2. Aging Male 23, 1564-1569. doi:
10.1080/13685538.2020.1870038

Baumgart, M., Snyder, H.,, Carrillo, M., Fazio, S., Kim, H., and Johns, H.
(2015). Summary of the evidence on modifiable risk factors for cognitive

Frontiers in Aging Neuroscience

10.3389/fnagi.2024.1421656

RM: Formal Methodology, Validation,
Visualization, Writing - review & editing. YY: Formal analysis,

analysis, Software,
Methodology, Supervision, Validation, Visualization, Writing -
review & editing. JX: Data curation, Funding acquisition, Project
administration, Supervision, Visualization, Writing - review &
editing. LQ: Conceptualization, Data curation, Methodology,
Supervision, Validation, Visualization, Writing - review & editing.

Funding

The authors declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.
1421656/full#supplementary- material

decline and dementia: A population-based perspective. Alzheimers Dement. 11,
718-726.

Beauchet, O., Allali, G., Annweiler, C., and Verghese, J. (2016). Association of
motoric cognitive risk syndrome with brain volumes: Results from the GAIT study.
J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 71, 1081-1088.

Beauchet, O., Sekhon, H., Launay, C., Rolland, Y., Schott, A., and Allali, G. (2020).
Motoric cognitive risk syndrome and incident dementia: Results from a population-
based prospective and observational cohort study. Eur. J. Neurol. 27, 468-474. doi:
10.1111/ene.14093

Blanquet, M., Ducher, G., Sauvage, A., Dadet, S., Guiyedi, V., Farigon, N., et al.
(2022). Handgrip strength as a valid practical tool to screen early-onset sarcopenia in
acute care wards: A first evaluation. Eur. J. Clin. Nutr. 76, 56-64. doi: 10.1038/s41430-
021-00906-5

Blumen, H., Allali, G., Beauchet, O., Lipton, R., and Verghese, J. (2019). A
gray matter volume covariance network associated with the motoric cognitive risk
syndrome: A multicohort MRI study. J. Gerontol. Ser. A 74, 834-889. doi: 10.1093/
gerona/gly158

Bohannon, R. (2008). Hand-grip dynamometry predicts future outcomes in aging
adults. J. Geriatr. Phys. Ther. 31, 3-10. doi: 10.1519/00139143-200831010-00002

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1421656
https://hrsdata.isr.umich.edu/data-products/public-survey-data
https://hrsdata.isr.umich.edu/data-products/public-survey-data
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1421656/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1421656/full#supplementary-material
https://doi.org/10.1080/13685538.2020.1870038
https://doi.org/10.1080/13685538.2020.1870038
https://doi.org/10.1111/ene.14093
https://doi.org/10.1111/ene.14093
https://doi.org/10.1038/s41430-021-00906-5
https://doi.org/10.1038/s41430-021-00906-5
https://doi.org/10.1093/gerona/gly158
https://doi.org/10.1093/gerona/gly158
https://doi.org/10.1519/00139143-200831010-00002
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Bai et al.

Bortone, I, Zupo, R., Castellana, F., Aresta, S., Lampignano, L., Sciarra, S., et al.
(2022). Motoric cognitive risk syndrome, subtypes and 8-year all-cause mortality
in aging phenotypes: The Salus in Apulia study. Brain Sci. 12:861. doi: 10.3390/
brainscil2070861

Bouchard, D., Dionne, 1., and Brochu, M. (2009). Sarcopenic/obesity and physical
capacity in older men and women: Data from the nutrition as a determinant of
successful aging (NuAge)-the Quebec longitudinal Study. Obesity 17, 2082-2088. doi:
10.1038/0by.2009.109

Callisaya, M., Ayers, E., Barzilai, N., Ferrucci, L., Guralnik, J., Lipton, R., et al. (2016).
Motoric cognitive risk syndrome and falls risk: A multi-center study. J. Alzheimers Dis.
53, 1043-1052. doi: 10.3233/JAD-160230

Camicioli, R., Howieson, D., Oken, B., Sexton, G., and Kaye, J. (1998). Motor
slowing precedes cognitive impairment in the oldest old. Neurology 50, 1496-1498.
doi: 10.1212/wnl.50.5.1496

Carson, R. (2018). Get a grip: Individual variations in grip strength are a marker of
brain health. Neurobiol. Aging 71, 189-222. doi: 10.1016/j.neurobiolaging.2018.07.023

Chen, P., Lin, M., Peng, L., Liu, C., Chang, C,, Lin, Y., et al. (2012). Predicting cause-
specific mortality of older men living in the veterans home by handgrip strength and
walking speed: A 3-year, prospective cohort study in Taiwan. J. Am. Med. Dir. Assoc.
13, 517-521. doi: 10.1016/j.jamda.2012.02.002

Chhetri, J., Chan, P., Vellas, B., and Cesari, M. (2017). Motoric cognitive risk
syndrome: Predictor of dementia and age-related negative outcomes. Front. Med.
4:166. doi: 10.3389/fmed.2017.00166

Chung, J., and Byun, S. (2023). Motoric cognitive risk and incident dementia in older
adults. JAMA Netw. Open 6:€2338534.

Congcong, J., and Linping, S. (2021). Research progress on motoric cognitive risk
syndrome in elderly. Chin. Nurs. Res. 35:569.

Cooper, R., Kuh, D., Cooper, C., Gale, C., Lawlor, D., Matthews, F., et al. (2011).
Objective measures of physical capability and subsequent health: A systematic review.
Age Ageing 40, 14-23. doi: 10.1093/ageing/afq117

Cooper, R., Kuh, D., Hardy, R., and Group, M. (2010). Objectively measured
physical capability levels and mortality: Systematic review and meta-analysis. BMJ
341:c4467. doi: 10.1136/bmj.c4467

Crimmins, E., Guyer, H., Langa, K., Ofstedal, M., Wallace, R., and Weir, D. (2016).
Documentation of physical measures, anthropometrics and blood pressure in the health
and retirement study. HRS documentation report DR-011. Ann Arbor, MI: Survey
Research Center, University of Michigan.

Crimmins, E., Kim, J., Langa, K., and Weir, D. (2011). Assessment of cognition using
surveys and neuropsychological assessment: The health and retirement study and the
aging, demographics, and memory study. J. Gerontol. Ser. B 66B, i162-i171.

Doi, T., Shimada, H., Park, H., Makizako, H., Tsutsumimoto, K., Uemura, K.,
et al. (2015). Cognitive function and falling among older adults with mild cognitive
impairment and slow gait. Geriatr. Gerontol. Int. 15, 1073-1078.

Dumurgier, J., Artaud, F., Touraine, C., Rouaud, O., Tavernier, B., Dufouil, C.,
et al. (2017). Gait speed and decline in gait speed as predictors of incident dementia.
J. Gerontol. A Biol. Sci. Med. Sci. 72, 655-661.

Fried, L., Tangen, C., Walston, J., Newman, A., Hirsch, C., Gottdiener, J., et al.
(2001). Frailty in older adults: Evidence for a phenotype. J. Gerontol. Ser. A Biol. Sci.
Med. Sci. 56, M146-M157.

Guadalupe-Grau, A., Carnicero, J., Gomez-Cabello, A., Gutiérrez Avila, G,
Humanes, S., Alegre, L., et al. (2015). Association of regional muscle strength with
mortality and hospitalisation in older people. Age Ageing 44, 790-795.

Gussekloo, J., Westendorp, R., Remarque, E., Lagaay, A., Heeren, T., and Knook, D.
(1997). Impact of mild cognitive impairment on survival in very elderly people: Cohort
study. BMJ 315, 1053-1054.

Hayes, T. L., Larimer, N., Adami, A., and Kaye, J. A. (2009). Medication adherence
in healthy elders: Small cognitive changes make a big difference. J. Nutr. Health Aging
21, 567-580.

Heeringa, S., and Connor, J. (1995). Technical description of the Health and
Retirement Survey sample design. Ann Arbor, MI: University of Michigan.

Inouye, S. (2006). Delirium in older persons. New Engl. J. Med. 354, 1157-1165.
doi: 10.3390/healthcare10040724

Jia, S., Zhao, W., Ge, M., Zhou, L., Sun, X., Zhao, Y. et al. (2023).
Association of handgrip strength weakness and asymmetry with incidence
of motoric cognitive risk syndrome in the china health and retirement
longitudinal study. Neurology 100, e2342-€2349. doi: 10.1212/WNL.000000000020
7308

Kelman, H., Thomas, C., Kennedy, G., and Cheng, J. (1994). Cognitive
impairment and mortality in older community residents. Am. J. Public Health 84,
1255-1260.

Langa, K., Plassman, B., Wallace, R., Herzog, A., Heeringa, S., Ofstedal, M., et al.
(2005). the aging, demographics, and memory study: Study design and methods.
Neuroepidemiology 25, 181-191.

Frontiers in Aging Neuroscience

09

10.3389/fnagi.2024.1421656

Ling, C., Taeckema, D., Craen, A. J. M., Gussekloo, J., Westendorp, R. G. J., and Maier,
A. B. (2010). Handgrip strength and mortality in the oldest old population: The Leiden
85-plus study. Can. Med. Assoc. J. 182, 429-435. doi: 10.1503/cmaj.091278

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S.,
et al. (2020). Dementia prevention, intervention, and care: 2020 report of the lancet
commission. Lancet 396, 413-446.

McGrath, R., Robinson-Lane, S., Cook, S., Clark, B., Herrmann, S., O’Connor, M.,
et al. (2019). Handgrip strength is associated with poorer cognitive functioning in
aging Americans. J. Alzheimers Dis. 70, 1187-1196.

Montero-Odasso, M., Speechley, M., Muir-Hunter, S., Pieruccini-Faria, F., Sarquis-
Adamson, Y., Hachinski, V., et al. (2020). Dual decline in gait speed and cognition is
associated with future dementia: Evidence for a phenotype. Age Ageing 49, 995-1002.
doi: 10.1093/ageing/afaal06

Nigga, K., Wattmo, C., Zhang, Y., Wahlund, L., and Palmgqyvist, S. (2014). Cerebral
inflammation is an underlying mechanism of early death in Alzheimer’s disease: A
13-year cause-specific multivariate mortality study. Alzheimers Res. Ther. 6, 1-8. doi:
10.1186/alzrt271

Norman, K., Stobdus, N., Gonzalez, M., Schulzke, J., and Pirlich, M. (2011). Hand
grip strength: Outcome predictor and marker of nutritional status. Clin. Nutr. 30,
135-142.

Pajuelo-Vasquez, R., Pajares-Ramirez, L., Gutierrez-Baca, W., Calderon-Ocon, V.,
Grande-Bernuy, M., Parodi, J., et al. (2023). Association between motoric cognitive
risk syndrome and risk of mortality in older adults: Results of a 5-year retrospective
cohort. Ageing Int. 48, 942-957.

Park, J., Lee, J., Suh, G., Kim, B., and Cho, M. (2014). Mortality rates and predictors
in community-dwelling elderly individuals with cognitive impairment: An eight-year
follow-up after initial assessment. Int. Psychogeriatr. 26, 1295-1304. doi: 10.1017/
$1041610214000556

Pavasini, R., Guralnik, J., Brown, J., di Bari, M., Cesari, M., Landi, F., et al. (2016).
Short physical performance battery and all-cause mortality: Systematic review and
meta-analysis. BMIC Med. 14:215. doi: 10.1186/s12916-016-0763-7

Pellegrino, L., Peters, M., Lyketsos, C., and Marano, C. (2013). Depression in
cognitive impairment. Curr. Psychiatry Rep. 15, 1-8.

Perna, L., Wahl, H., Mons, U., Saum, K., Holleczek, B., and Brenner, H. (2014).
Cognitive impairment, all-cause and cause-specific mortality among non-demented
older adults. Age Ageing 44, 445-451. doi: 10.1093/ageing/aful88

Sachs, G., Carter, R., Holtz, L., Smith, F., Stump, T., Tu, W., et al. (2011). Cognitive
impairment: An independent predictor of excess mortality: A cohort study. Ann.
Intern. Med. 155, 300-308.

Sekhon, H., Launay, C., Chabot, J., Allali, G., and Beauchet, O. (2019b). Motoric
cognitive risk syndrome: Could it be defined through increased five-times-sit-to-
stand test time, rather than slow walking speed? Front. Aging Neurosci. 10:434. doi:
10.3389/fnagi.2018.00434

Sekhon, H., Allali, G., Launay, C., Barden, J., Szturm, T., Liu-Ambrose, T.,
et al. (2019a). Motoric cognitive risk syndrome, incident cognitive impairment and
morphological brain abnormalities: Systematic review and meta-analysis. Maturitas
123, 45-54. doi: 10.1016/j.maturitas.2019.02.006

Slot, R,, Sikkes, S., Berkhof, J., Brodaty, H., Buckley, R., Cavedo, E., et al. (2019).
Subjective cognitive decline and rates of incident Alzheimer’s disease and non-
Alzheimer’s disease dementia. Alzheimers Dement. 15, 465-476. doi: 10.1016/j.jalz.
2018.10.003

Verghese, J., Annweiler, C., Ayers, E., Barzilai, N., Beauchet, O., Bennett, D., et al.
(2014). Motoric cognitive risk syndrome: Multicountry prevalence and dementia risk.
Neurology 83, 718-726. doi: 10.1212/WNL.0000000000000717

Verghese, J., Wang, C., Lipton, R., and Holtzer, R. (2012). Motoric cognitive risk
syndrome and the risk of dementia. J. Gerontol. Ser. A 68, 412-418.

Verghese, J., Wang, C., Lipton, R., and Holtzer, R. (2013). Motoric cognitive risk
syndrome and the risk of dementia. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 68,
412-418.

Verghese, J., Wang, C., Lipton, R., Holtzer, R., and Xue, X. (2007). Quantitative
gait dysfunction and risk of cognitive decline and dementia. J. Neurol. Neurosurg.
Psychiatry 78, 929-935.

WHO (2023). Dementia. Geneva: WHO.

Wulff, J., and Jeppesen, L. (2017). Multiple imputation by chained equations in
praxis: Guidelines and review. Electron. ]. Bus. Res. Methods 15, 41-56.

Yerrakalva, D., Mullis, R., and Mant, J. (2015). The associations of “fatness,” “fitness,”
and physical activity with all-cause mortality in older adults: A systematic review.
Obesity 23, 1944-1956. doi: 10.1002/0by.21181

Yoshikawa, T., and High, K. (2001). Nutritional strategies to boost immunity and
prevent infection in elderly individuals. Clin. Infect. Dis. 33, 1892-1900.

Zhang, L., Feng, B., Wang, C., Zhang, Y, Lin, P., Zhang, Y., et al. (2020). Prevalence
and factors associated with motoric cognitive risk syndrome in community-dwelling
older Chinese: A cross-sectional study. Eur. J. Neurol. 27, 1137-1145.

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1421656
https://doi.org/10.3390/brainsci12070861
https://doi.org/10.3390/brainsci12070861
https://doi.org/10.1038/oby.2009.109
https://doi.org/10.1038/oby.2009.109
https://doi.org/10.3233/JAD-160230
https://doi.org/10.1212/wnl.50.5.1496
https://doi.org/10.1016/j.neurobiolaging.2018.07.023
https://doi.org/10.1016/j.jamda.2012.02.002
https://doi.org/10.3389/fmed.2017.00166
https://doi.org/10.1093/ageing/afq117
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.3390/healthcare10040724
https://doi.org/10.1212/WNL.0000000000207308
https://doi.org/10.1212/WNL.0000000000207308
https://doi.org/10.1503/cmaj.091278
https://doi.org/10.1093/ageing/afaa106
https://doi.org/10.1186/alzrt271
https://doi.org/10.1186/alzrt271
https://doi.org/10.1017/S1041610214000556
https://doi.org/10.1017/S1041610214000556
https://doi.org/10.1186/s12916-016-0763-7
https://doi.org/10.1093/ageing/afu188
https://doi.org/10.3389/fnagi.2018.00434
https://doi.org/10.3389/fnagi.2018.00434
https://doi.org/10.1016/j.maturitas.2019.02.006
https://doi.org/10.1016/j.jalz.2018.10.003
https://doi.org/10.1016/j.jalz.2018.10.003
https://doi.org/10.1212/WNL.0000000000000717
https://doi.org/10.1002/oby.21181
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Enhancing predictive validity of motoric cognitive risk syndrome for incident dementia and all-cause mortality with handgrip strength: insights from a prospective cohort study
	Introduction
	Materials and methods
	Sample
	Measures
	Motoric cognitive risk syndrome
	Handgrip strength
	Dementia
	All-cause mortality

	Statistical analysis

	Results
	Baseline characteristics
	Relationships of MCR, MCR-non-HGS patients, and MCR-HGS patients with incident dementia and all-cause mortality
	Added value of HGS to MCR syndrome in predicting incident dementia and all-cause mortality

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References




