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While the clinical hallmark of Alzheimer's disease (AD) is progressive loss of memory and
other cognitive abilities, there is increasing recognition that persons with AD also exhibit
changes in muscle bulk and body composition, strength and mobility, suggesting that many
older persons with AD may be frail (1-7). Recent data suggest that changes in the motor
system including reduced strength and walking speed and changes in body composition can
antedate the onset of dementia (1, 3-6, 8). Thus, while most studies examine late-life
cognitive impairment and physical frailty separately, these findings raise the possibility that
physical frailty, whose core features include loss of strength and muscle bulk, slowed gait
and fatigue, share a common etiopathogensis with late-life cognitive impairment. In fact,
recent studies suggest that both progressive physical frailty and cognitive decline in older
adults are associated with common neuropathologies including post-mortem AD,
Parkinson's disease (PD) and cerebrovascular disease (CVD) pathologies even in individuals
without clinically diagnosed dementia, PD or stroke (9, 10). Further, we recently reported
that neuronal density in the locus coeruleus is related to both cognitive decline and severity
of motor signs in older adults (11, 12). Thus, this has led to the increasing recognition that
common neuropathologies and other neurobiologic indices may affect a wider array of
clinical domains and manifest more complex clinical phenotypes in older adults (13-15).
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The Consensus Group convened by the International Consensus Group (IANA, IAGG) and
the International Association of Gerontology and Geriatrics (IAGG), nicely summarized by
Kelaiditi et al, represents a timely effort to delineate a complex clinical phenotype which
simultaneously captures a broad array of physical and cognitive phenotypes which they
termed “cognitive frailty”. The panel defined cognitive frailty as a syndrome in older adults
with evidence of both physical frailty and cognitive impairment without a clinical diagnosis
of AD or another dementia. This new construct extends the prior physical frailty construct
described by Fried et al in two ways.16 First, it adds a formal assessment of cognitive
function. Second, while the original physical frailty construct only assessed subjective
fatigue, the proposed cognitive frailty construct also recommends a more comprehensive
assessment of depressive symptoms to capture psychological in additional to physical
aspects of fatigue. This may be important because, like the motoric aspects of physical
frailty, depressive symptoms are also related to cognitive outcomes (17, 18). In addition,
depressive symptoms were associated AD pathology in some studies (19) but not others
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(20). Further, depressive symptoms are also related to motor function other than fatigue
(21). Since motor impairments also can be caused by non-neurologic conditions, the panel
hypothesized that the concurrent cognitive impairment in the cognitive frailty construct
might provide a means of identifying individuals with cognitive impairment caused by
nonneurodegenerative conditions which might be reversible.
Considering both physical frailty and cognition together as a single complex phenotype may
have important clinical and research implications. For example, since both physical frailty
and cognition predict adverse health outcomes, their cooccurrence is likely to identify
people at particularly high risk (22). Geriatric interventions are increasingly multi-modal,
targeting cognitive, motor and psychosocial components of aging (23-25). However, it is
also likely that some individuals manifesting the proposed criteria for cognitive frailty may
be particularly vulnerable due to combined risks and may be less responsive to
interventions. Identifying these two groups will require further research.
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While the assessment of a complex clinical phenotype has the potential to allow
investigators to identify subgroups of individuals with distinctive clinical profiles, these
complex phenotypes also have some limitations. To date there are important gaps in our
understanding of the inter-relationship between physical frailty and cognition over time.
Cognition does not rely directly on structural elements outside the brain. So, non-neurologic
causes of cognitive impairment such as those associated with systemic disease must still be
mediated through the brain. By contrast, the motor features contributing to physical frailty
derive from motor control systems which reside both within the brain as well as in various
other CNS regions including the brainstem and spinal cord. Moreover, via peripheral nerves,
these motor control systems are integrated together with peripheral musculoskeletal
structures and nonneurologic systems such as cardiopulmonary function and systemic
metabolism. Thus, it is likely that physical frailty and cognition may show some degree of
inter-relationship due to the effect on both from processes occurring in the brain.
Nonetheless the additional differences in their underlying neural pathways may lead to
distinctive discrepancies in their trajectories of change over time. Supporting this idea, a
recent, study, suggested that post-mortem indices of brain pathologies explain a larger
percentage of the variance in declining cognition as compared to the percentage of variance
in progressive frailty in the same individuals (26).
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It is clear that more longitudinal studies that incorporate cognition, motor function including
physical frailty, and psychological constructs such as depression are needed. Extant
longitudinal studies which have examined cognitive decline with linear models suggest that
on average older adults show cognitive decline. However, the trajectory of change in
cognition over long periods of time is not linear. For example, studies using change point
models to capture non-linear decline, suggest that several years prior to death there is
acceleration in cognitive decline, termed “terminal decline” (9, 10, 27). Moreover, not only
does the rate of cognitive decline differ between the preterminal and terminal segments, but
their underlying biology seems to be different. For example, common neuropathologies
associated with dementia and physical frailty are more strongly associated with the slope of
preterminal cognitive decline than with the slope of terminal cognitive decline. Change in
motor function can also be characterized by change point models and terminal decline (28).
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These data underscore the complexity of characterizing the trajectory of a single clinical
domain in older adults, let alone a construct with multiple moderately overlapping domains.
Not only can the contribution of pathology vary over time i.e., as pathology accumulates,
some biologic processes like terminal decline may only contribute during specific stages of
aging. So investigators must not only identify risk factors but also the particular stage during
which the risk factor may contribute to change in cognition. Thus, decomposing complex
heterogeneous phenotypes into smaller components such as physical frailty or cognition can
offer insights into common features and facets which might not be apparent if multiple
clinical domains are summarized into a single complex clinical phenotype. However,
eventually the decomposed clinical components must be reassembled as a range of
phenotypes emerge and manifest in aging humans – and since it is at the level of the
individual person at which we must ultimately intervene. Thus, we applaud the Consensus
Group for their efforts and recognize their important contribution towards synthesizing the
extant literature and initiating an approach to cognitive frailty that may bear fruit in the
future.
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Aging research is complex and needs both efforts, i.e., efforts to develop more complex
clinical phenotypes such as cognitive frailty while simultaneously pursuing studies which
carefully deconstruct these phenotypes into dissociable components. These complementary
research efforts are essential to facilitate the discovery and implementation of effective
approaches to improve the health and well-being of the aging population world-wide.
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