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Abstract

Dual cognitive and mobility impairments are associated with an increased risk of dementia. Recent 

studies examining temporal trajectories of mobility and cognitive function in aging found that dual 

decline is associated with higher dementia risk than memory decline or gait decline only. Although 

initial data show that individuals with dual decline or impairment have excessive cardiovascular 

and metabolic risk factors, the causes of dual decline or what underlies dual decline with a 

high risk of dementia remain largely unknown. In December 2021, the National Institute on 

Aging Intramural and Extramural Programs jointly organized a workshop on Biology Underlying 
Moving and Thinking to explore the hypothesis that older persons with dual decline may develop 

dementia through a specific pathophysiological pathway. The working group discussed assessment 

methods for dual decline and possible mechanisms connecting dual decline with dementia risk and 

pinpointed the most critical questions to be addressed from a translational perspective.

The core questions

Dementia is generally considered a disease of the brain that causes impairment in cognitive 

domains. Recent studies have found that mobility decline or impairment may reveal brain 

abnormalities early in the aging process and may predict future cognitive impairment and 

dementia. More recent studies of older populations performed across different countries 

have consistently demonstrated that older persons with dual decline in memory and mobility 

simultaneously, in particular gait speed, have a very high risk of developing dementia1–3. 

However, little is known about the pathophysiological changes that link the age-accelerated 

dual decline in memory and gait speed (from now defined as “dual decline”) with future 

dementia risk. For example, why do some older persons show accelerated dual decline in 

memory and gait compared to the average population? And, perhaps even more important, 

why do these individuals have a high risk of developing dementia? An emerging hypothesis 

in the literature proposes that (1) older persons who experience dual decline have specific 

risk factors, and (2) dual decline is the clinical manifestation of the pathology connected 

with those risk factors, and this specific pathology eventually causes dementia. Despite the 

fact that robust literature demonstrates that mobility impairment is an early sign of brain 

changes on the pathway to dementia, the assessment of mobility impairment is often omitted 

from the clinical evaluation of older patients4. On December 7th, 2021, the NIA Intramural 

and Extramural Programs jointly organized a workshop on Biology Underlying Moving and 
Thinking to extend the discussion of the possible mechanisms that connect age-related dual 

cognitive and mobility decline with future dementia risk and to identify the most critical 

questions to be addressed that may stimulate the application of this new knowledge to the 

diagnosis and care of older patients.
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Why is it important to study dual decline?

In aging, mobility and cognitive function are correlated, and, in most instances, gait speed 

declines faster than cognitive function, especially memory5, 6. Over the past two decades, 

neuroimaging and fluid biomarker research has led to a sequential model of the events 

that are biologically detected on the pathways to Alzheimer’s disease and dementia7. 

Overall, β-amyloid deposition in the brain is the initial pathological change, followed by 

tau deposition, and subsequently neuronal injury and dysfunction and brain atrophy, which 

lead to changes in memory and cognitive-related competence and behavior (Figure 1). Few 

studies have examined their joint clinical evolution or simultaneous change. It is noteworthy 

that in this widely acknowledged model, the occurrence of mobility impairment was not 

considered. Therefore, at what stage mobility impairment occurs is not fully clarified. In 

this sequence of the pathway to dementia, it remains unclear whether mobility impairment 

occurs prior to or after cognitive impairment. It is also unknown whether the occurrence 

of mobility impairment early in the pathway before clear signs of β-amyloid deposition or 

late in the pathway at the time of tau deposition and/or neuronal injury represents different 

pathophysiological routes to dementia (Figure 1).

While studies have described the appearance of mobility impairment across the clinical 

disease stages, from early normal aging to symptomatic dementia, initial research in this 

field focused almost exclusively on early mobility changes in normal aging without overt 

neurological symptoms. For example, mobility impairment, such as slow gait or mild 

parkinsonian signs, is associated with faster cognitive decline and a higher risk of incident 

mild cognitive impairment or dementia. However, the strength of the reported associations 

between mobility impairment and future dementia risk varies across studies8–10. Recent 

studies have considered dual cognitive and mobility impairments, a condition where both 

mobility and cognition, especially memory, decline or impair together. For instance, motoric 

cognitive risk (MCR) syndrome, first proposed in 2013, considers the co-occurrence of 

cognitive complaints and slow gait and has been assessed in different population studies. 

MCR is more strongly associated with dementia risk compared to its individual criterion of 

subjective cognitive complaints or slow gait only11, 12. Older adults with gait abnormalities 

are twice as likely to develop dementia than those without gait abnormalities, whereas older 

adults with MCR are more than three times more likely to develop dementia than those 

without MCR. A recent concept of physio-cognitive decline syndrome (PCDS) includes 

slow gait and/or muscle weakness for mobility impairment13. Of note, both MCR and PCSD 

have been defined based on cross-sectional data. More recently, researchers operationalized 

“dual decline” using longitudinal trajectories of mobility and cognition over time before 

dementia3, 14 (Table 1). In line with previous findings on MCR and dementia risk, those with 

dual decline in gait speed and cognitive function, especially memory, had a higher dementia 

risk than those with gait or memory decline only1, 3, 14. These studies also suggested 

that tracking trajectories may provide an additional predictive value for future dementia 

risk than assessment at one point in time and is less subject to selection and attrition 

biases. Examining trajectories of dual decline over time and tracking pathophysiological 

and biomarker changes that occur simultaneously with dual decline may allow more robust 
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inferences about the pathophysiology implicated, both in terms of the study of risk factors 

and outcomes.

Emerging hypotheses

As the current evidence shows that dual decline is strongly related to aging and future 

dementia, factors contributing to the aging process and deficits in the central nervous 

system (CNS) may underlie the relationship of dual decline with high dementia risk. This 

is consistent with the geroscience hypothesis that the biological changes of aging are at the 

root of age-associated chronic diseases as well as physical and cognitive impairments. With 

this hypothesis in mind, we first discussed how pathophysiological changes in the CNS can 

cause dual decline, and then discussed causes that were not primarily neurological but may 

still lead to the same outcome.

Putative mechanisms linking dual decline and dementia

Pathophysiological changes that connect dual decline and dementia may include vascular 

burden, inflammation15, cellular senescence in the brain – autophagy affecting both 

cognition and mobility, mitochondrial dysfunction, and neuropathology such as glial 

dysfunction, and amyloid and tau deposition (Figure 2). Initial cognitive and neuroimaging 

studies have revealed specific brain characteristics associated with dual impairment, 

although definitions of dual impairment are somewhat heterogeneous across studies. Those 

with dual impairment, such as MCR and dual decline, showed structural brain abnormalities 

related to locomotion, sensorimotor integration, and cognition, including specific regions 

in the frontal, parietal, and temporal areas as well as cerebellum16, 17. Those with dual 

decline also showed cognitive declines in multiple domains compared to others who 

had memory or gait decline only and no decline, such as verbal fluency, attention, 

and sensorimotor function17. Studies searching for other characteristics associated with 

dual impairment have reported associations with demographic factors, cardiometabolic 

comorbidities, health-related biomarkers, and genetics. Those who experienced dual decline, 

compared to those who did not, were more frequently men and Apolipoprotein E ε4 

carriers and those with diagnoses of hypertension or dyslipidemia2, 17. Those with dual 

decline also showed the most extensive alterations in metabolomic profiling of lipids and 

lipid metabolism, especially lysophosphatidylcholines (lysoPCs)18. A recent systematic 

review showed metabolites from sphingolipids and the sphingolipid metabolism pathway 

are important for both memory and gait impairments19. In agreement with the metabolic 

origin of dual decline, MCR is found to be associated with obesity-related polygenetic 

risk scores for body mass index and waist circumference20. It is worth noting that the 

lysoPCs are the main building blocks for cardiolipin, an essential lipid for the regulation 

and assemblage of electron transport complexes and mitochondrial morpho-functional 

architecture. Mitochondrial dysfunction can also lead to inflammatory pathways, and 

inflammation has been associated with impairment of cognition and mobility15. Thus, this 

observation led to the hypothesis that dual decline may be a clinical manifestation of 

accelerated mitochondrial dysfunction due to excessive ROS-induced cardiolipin oxidation 

and impaired resynthesis21. Two primary drivers of cognition and mobility are the CNS 

and the skeletomuscular system. Both systems are among the most energy-demanding 

Tian et al. Page 4

Alzheimers Dement. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



tissues and are susceptible to a discrepancy between energy demand and availability. 

Age-related mitochondrial stress, production of reactive oxidant species (ROS), excessive 

ROS-induced cardiolipin oxidation, and activation of multiple inflammatory pathways can 

lead to impaired energy metabolism in the CNS and skeletomuscular system, ultimately 

leading to dual decline.

What are the questions to be addressed and what does the field need?

Emerging research is aimed at understanding mechanisms underlying dual impairment in the 

attempt to further elucidate pathophysiological pathways to better inform early detection, 

prevention, and effective intervention for dual decline and impairment. An overarching 

question is whether the identification of dual decline is just a screening target or may 

also provide a subclassification of dementia that may hypothetically respond to different 

interventions. Gait speed and verbal memory can be assessed clinically on a routine basis 

and identification of dual decline may be seen as early signs of an underlying dementia 

process. Older persons with dual decline may need additional medical attention. Data 

from the literature suggest that dual decline is associated with excessive cardiovascular 

and metabolic risk factors and diseases. Thus, it is possible that the identification and 

treatment of cardiovascular and metabolic risk factors in this population reduce the risk of 

dementia, and this hypothesis should be addressed in future studies. This and other critical 

questions were discussed at the workshop from three perspectives: 1) Develop a standard 

operational definition; 2) describe the biological and physiological systems underlying dual 

decline; 3) start developing strategies for dementia prevention in those with dual decline and 

impairment.

Define the concept:

Previous studies have used various methods to operationally define and detect dual decline, 

but none of these methods is free of problems and questions remain (Table 1). What mobility 

measure should we focus on? Gait speed is one commonly used mobility measure due to 

its easy access to clinics, cost-effectiveness, and robustness, but because slow gait may 

be caused by a wide variety of impairments in different physiological systems, one key 

question is how to redefine slow gait as a more direct indicator of the CNS problems than 

impairments in other systems. As an example, we recently found that a combination of 

slow gait and low activity fragmentation is more strongly associated with dementia risk 

than slow gait alone22. Low activity fragmentation, derived from the accelerometry in a 

free-living environment, may indicate a lack of the use of compensation strategies and thus 

identify those with compromised brain health. In addition, dual-task gait, walking while 

performing a cognitively demanding task such as talking, is a marker of the motor-cognitive 

interface because it isolates the cognitive control of gait. Low performance in dual-task 

gait has been associated with future dementia23. Other measures, such as step-to-step gait 

parameters, or behavioral compensation for slow gait, are worth investigating and may be 

used in conjunction with slow gait speed to identify subgroups whose slow gait is due 

to CNS problems. What cognitive measure or domain should we focus on? One recent 

study examined the relationships between dual decline in gait speed and multiple cognitive 

domains and found that dual decline in gait and memory was associated with the highest 
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dementia risk than dual decline in other cognitive domains1. Among those who show early 

signs of dual decline, would specific blood biomarkers help identify those at high risk 

of developing dementia? Initial genetic-based and omics-based data have shown plasma 

metabolomic profiles of dual decline, the polygenic inheritance of MCR, and shared cortical 

proteins to both motor and cognitive resilience18, 20, 24. Specifically, certain metabolites of 

lysoPCs important for cardiolipin, multifunctional proteins, and obesity-related genetic traits 

may be early biomarkers of dual decline.

Understand mechanisms:

Establishing a unifying definition for dual impairment that can be extensively used in 

clinical and epidemiological studies is a research priority, and understanding its relationship 

with dementia and the mediating effect of biomarkers may provide insights into potential 

mechanisms. What are the pathophysiological profiles of dual impairment? Brain damage 

that may cause dual cognitive and mobility impairments include neuroinflammatory 

processes, microstructural integrity, cerebral microbleeds, cerebral amyloid angiopathy, 

microinfarcts, and braking in specific brain functional networks25, 26. Other contributing 

factors, such as vascular burden, inflammation, and mitochondrial dysfunction, need 

further support from empirical data, especially longitudinal data to track pathophysiological 

changes over time. What are the personal characteristics of dual impairment? Given known 

sex differences in mobility disability, brain aging, and dementia risk, it will be important 

to determine whether risk factors, biological changes, and outcomes associated with dual 

decline are different in men and women. Other stratification characteristics that will be 

important to study include race, personality traits, and physical activity levels. Knowledge 

of these characteristics may both improve the predictive value of a dual decline diagnosis 

and provide clues about possible underlying pathophysiology. How can the system biology 

approach further contribute to our understanding of underlying mechanisms? Multi-omics 

data as well as their interaction and integration may advance our understanding of complex 

biology and pathways using artificial intelligence or machine learning. In this context, blood 

biomarkers related to amyloid and tau deposition and macro- and microvascular systems, 

such as trafficking metabolites and microbiome, are possible targets of future studies.

Respond to the problem:

The ultimate scope of research in this field is to develop interventions for slowing down 

the clinical progress of dual decline and at least moderating the high risk of developing 

dementia. To date, there is no definitive evidence that non-pharmacological interventions 

may prevent cognitive decline. However, there is limited evidence that physical activity (eg. 

LIFE trial) and dietary intake (eg. Mediterranean diet) may slow down physical function 

decline with aging. We list several recent intervention studies which show beneficial effects 

on the CNS, skeletomuscular system or vascular system which may lead to benefits 

to dual decline. What non-pharmacological interventions may effectively prevent dual 

decline? Some non-pharmacological studies may prevent dual decline but empirical data are 

needed, such as transcranial direct current stimulation studies27, cognitive training, cognitive 

stimulation/engagement training28–34, blood pressure management35, dietary restriction, 

weight loss, and increased physical activity36, 37. Specific studies, such as social dance, 

computerized brain games, Experience Corps, and the ACTIVE (Advanced Cognitive 
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Training for Independent and Vital Elderly) trial, were discussed at the workshop. Recent 

multi-modal interventions seem to link multiple systems to prevent or maintain cognitive 

and motor function, such as the SYNERGIC (SYNchronizing Exercises, Remedies in GaIt 

and Cognition) trial38, FINGER (Finnish Geriatric Intervention Study to Prevent Cognitive 

Impairment and Disability) intervention39, and recent World-Wide FINGERS network40. 

The SYNERGIC trial combines physical resistance and aerobic exercises with cognitive 

training and vitamin D supplementation and has shown efficacy in improving both gait 

speed and cognition in older adults with Mild Cognitive Impairment, a pre-dementia 

state. An “at home” trial, the SYNERGIC@Home trial, is being conducted and now 

delivering interventions remotely to accommodate COVID-19 pandemic restrictions38, 41. 

The FINGER intervention included multiple lifestyle components: physical exercise, 

cognitive training, dietary guidance, social activities, and management of metabolic and 

vascular risk factors. Results from this FINGER trial showed improved cognition and 

reduced dementia risk42, 43. What is needed for future non-pharmacological interventions? 

Several key elements remain unclear. For instance, the most effective features of exercise, 

such as type, duration, frequency, intensity, and personalization should be considered and 

compared. Recent data suggest that more physical activity at personalized moderate-to-high 

intensity levels may prevent brain microstructural decline localized to the temporal area44. 

Long-term maintenance effects and criteria of outcome measures to track effectiveness, 

such as biomarkers and brain scans, need further investigation. What drug therapies may 

effectively prevent dual decline? Understanding biological pathways is key to identifying 

therapeutic targets. Currently, microbiome-mediated therapies are being examined for 

aging and healthspan in marmosets45. Preliminary results from the anti-amyloid antibody 

Lecanemab trial show positive effects on both primary and secondary outcomes of dementia. 

Whether these drug therapies prevent dual decline during aging remains unknown. The 

novel genes and omics-based markers can be targeted in drug discovery to develop new 

personalized medicine therapies for dual decline and impairment46–48. Notably, while 

mobility is often not considered in intervention studies targeting dementia, there is enough 

evidence to recommend that mobility assessment could be used as a secondary endpoint to 

measure efficacy.

Challenges and future opportunities

An important challenge to overcome for the advancement of the field is to agree on 

one operational definition of dual cognitive and mobility impairment that can be applied 

systematically across observational cohorts and clinical studies. Understanding dual decline 

where declines occur simultaneously and over time will require leveraging data collected in 

multiple observational and intervention studies and examining similarities and differences. 

This work would be possible only if different studies adopt operational definitions of dual 

decline that are similar enough to be harmonized across studies. Validation of biomarkers 

and the genetic basis of dual impairment will also likely require large numbers that can only 

be obtained by combining data from different studies and homogeneity of the reference 

phenotype would greatly improve research in this field. A widely accepted definition 

of the syndrome will also be helpful to start designing effective and customized non-
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pharmacological interventions that address sensory handicaps, tech literacy, and transferring 

basic skills to real-world tasks49, 50.

Conclusions

Dual cognitive and mobility impairments are aging phenotypes related to a higher risk of 

dementia than mobility or cognitive impairment only. The root causes that are common 

to both are unknown. Initial evidence of the unique characteristics of dual decline 

and impairment, including clinical phenotype, biomarkers, and genetics, may suggest 

mechanisms of vascular burden, inflammation, and mitochondrial dysfunction. It may 

be premature to attempt interventions when knowledge gaps remain about underlying 

mechanisms and specificity for current outcome measures. Thus, identifying risk factors 

and understanding the etiology of dual decline are key routes for future prevention and 

intervention strategies, which warrant investigation.
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Figure 1. Hypothesized conceptual framework of mobility in the clinical disease stage of 
dementia, modified from Jack et al. 20107.
The added curves of mobility impairment are hypothesized to occur either before or after 

brain structural changes. The occurrence of mobility impairment at different stages may 

indicate different types of pathologies. (Obtaining permission from the publisher Elsev
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Figure 2. Emerging hypotheses of mechanisms connecting dual decline and impairment to future 
risk.
The accumulating burden of ADRD pathologies outside the cerebrum may be sufficient 

to account for motor impairment and serve as a proxy for a higher burden of total CNS 

pathologies.
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Table 1.

Operational definitions of dual cognitive and mobility decline or impairment

Syndrome Motoric cognitive risk 
syndrome (Verghese et 
al. 2013)

Motor and cognitive 
trajectories before dementia 
(Montero-Odasso et al. 
2018)

Physio-cognitive decline 
syndrome (Chen et al. 
2019)

Dual decline in memory 
and gait (Tian et al. 
2020)

Cognitive function Subjective cognitive 
complaint

Faster cognitive decline 
(MoCA)

Poor cognitive function 
(any domain)

Faster memory decline 
(CVLT)

Mobility Slow gait speed Faster gait decline Slow gait speed or 
weakness

Faster gait decline

Number of 
assessments 
overtime required

1 2+ 1 2+

Alzheimers Dement. Author manuscript; available in PMC 2024 April 01.


	Abstract
	The core questions
	Why is it important to study dual decline?
	Emerging hypotheses
	Putative mechanisms linking dual decline and dementia
	What are the questions to be addressed and what does the field need?
	Define the concept:
	Understand mechanisms:
	Respond to the problem:

	Challenges and future opportunities
	Conclusions
	References
	Figure 1.
	Figure 2.
	Table 1.



