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Abstract

Objective: We examined whether sarcopenia is associated with the occurrence

of late-life cognitive impairment.

Methods: Nondemented older adults (N = 1175) underwent annual testing with

17 cognitive tests summarized as a global cognitive score. A composite sarcopenia

score was constructed based on muscle mass measured with bioelectrical imped-

ance and muscle function based on grip strength. Cox proportional hazard models

were employed to examine associations of sarcopenia with incident Alzheimer's

dementia (AD) and incident mild cognitive impairment (MCI). Linear mixed-

effect models determined the association of sarcopenia with cognitive decline. All

models controlled for age, sex, education, race, and height squared.

Results: Average follow-up was 5.6 years. More severe sarcopenia at baseline

was associated with a higher risk of incident AD (hazard ratio [HR], 1.50 [95%

confidence interval 1.20–1.86]; p < 0.001) and of MCI (1.21 [1.01–1.45]; 0.04)
and a faster rate of cognitive decline (estimate = �0.013; p = 0.01). Analyses

of the individual components of sarcopenia showed that muscle function was

associated with incident AD, incident MCI, and cognitive decline with and

without a term for lean muscle mass in the model. In contrast, lean muscle

mass was not associated with incident cognitive impairment or cognitive

decline when a term for muscle function was included in the model.

Conclusions: Poor muscle function, but not reduced lean muscle mass, drives

the association of sarcopenia with late-life cognitive impairment. Further work

is needed to identify features of muscle structure, which may increase the spec-

ificity of sarcopenia for identifying older adults at risk for late-life cognitive

impairment.
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INTRODUCTION

Sarcopenia is a common aging phenotype defined as loss
of muscle structure and its function.1-3 While cross-
sectional studies suggest an association of sarcopenia

with cognition, there is little data on the association of
sarcopenia with incident cognitive impairments and cog-
nitive decline. Motor function is a complex volitional
behavior and its impairment precedes and predicts cogni-
tive decline, incident mild cognitive impairment (MCI),
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and Alzheimer's dementia (AD) in many older adults.4-6

Considerable data suggest that shared neural substrate
underlies motor and cognitive resources underlying
volitional motor control, suggesting a common etiopatho-
genesis. For example, both motor and cognitive decline
are related to many of the same AD and other related
brain pathologies7 as well as cortical proteins,8 which drive
late-life decline. Higher body mass index (BMI), which
encompasses muscle mass, is related to faster cognitive
decline and incident AD.9,10 Changes in BMI in older
adults is also related to the same ADRD brain pathologies
underlying cognitive decline11 and recent reports suggest
that muscle proteins may reach the central nervous system
(CNS) via systemic circulation to affect cognition.12 These
studies support the biological plausibility for prior observa-
tional studies linking both elements of sarcopenia, that is,
muscle structure and function with late-life cognitive
impairment.

Recently, emerging technologies, such as bio-
impedance, have made it easier to obtain measures of
muscle mass outside of the laboratory setting permitting
a reassessment of the independent role of lean muscle
mass metrics as part of the construct of sarcopenia in
predicting adverse health outcomes such as mortality and
disability.1,3 We are unaware of prior studies which have
examined whether lean muscle mass is independently
associated with incident AD, incident MCI, and cognitive
decline when controlling for muscle function.

In this study we combine measures of grip strength
with measures of lean muscle mass to assess the associa-
tion of sarcopenia with incident AD, MCI, and cognitive
decline in a sample of approximately 1200 community-
dwelling older adults participating in the Rush Memory
and Aging Project (MAP).13 In further analyses, we exam-
ined each of the components used to assess sarcopenia to
test the hypothesis that lean muscle mass is indepen-
dently associated with incident MCI and AD as well as
the rate of cognitive decline when controlling for muscle
function.

METHODS

Participants

All participants were from MAP, a longitudinal cohort
study of chronic conditions of aging.14 Participants were
recruited from over 40 facilities from the metropolitan
Chicago area, including subsidized senior housing facili-
ties, retirement communities, and retirement homes, in
addition to social service agencies and Church groups.
Participants provided written consents and signed a
repository consent to all their data to be repurposed. All

participants were assessed annually in their homes.
All assessments were performed at the participant's resi-
dence to reduce burden and maintain high follow-up
rates. A Rush University Medical Center's Institutional
Review Board approved the study.

Analytic baseline for this study was defined as the
first visit with a valid sarcopenia measure based on grip
strength and muscle mass determined by bioelectrical
impedance. Eligibility criteria for these analyses required
absence of clinical dementia at baseline and at least one
or more valid cognitive assessments so we could examine
incident cognitive impairment and the rate of cognitive
decline. MAP began in 1997 and bioimpendance testing
was added in 2005. Thus, of 2116 participants who had
completed MAP baseline when analysis was conducted,
1507 participants had completed a baseline assessment
for the current analyses. We excluded 17 participants
with missing race data, 92 who had dementia at baseline,
and 223 without follow-up testing. The 1175 participants
remaining for these analyses were on average younger,
had more women, lower education, less sarcopenia, and
better global cognition than those who were excluded
from analyses, but did not differ in race or the prevalence
of vascular risk factors and vascular diseases.

Assessment of cognition and cognitive
status

Each participant underwent uniform annual clinical test-
ing. The Mini-Mental State Examination15 was adminis-
tered and was used only for descriptive purposes but was

Key Points

• Sarcopenia is related to incident Alzheimer's
dementia (AD) and mild cognitive impairment
and to cognitive decline.

• Muscle function, and not muscle mass, drives
the associations of sarcopenia with cognitive
impairment.

• Identification of granular metrics to improve
the accuracy of sarcopenia in predicting cogni-
tive impairment is merited.

Why Does this Paper Matter?

Older adults with sarcopenia are at higher risk of
developing AD and other poor cognitive
outcomes.
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not included in the global cognition score. Seventeen cog-
nitive tests administered at each annual evaluation were
used to construct a summary global cognitive score and
five cognitive abilities: episodic memory, semantic mem-
ory, working memory, perceptual speed, and visuospatial
ability, as described in prior publications.14,16

To compute the composite measures, raw scores on
each test were first converted to z-scores using the base-
line mean and standard deviation for the entire cohort.
The z-scores for all 17 tests were then averaged together
to obtain a global cognition score. A similar approach
was used to calculate the scores for each of the five cogni-
tive abilities.

Cognitive tests were scored by a computer, and reviewed
by a neuropsychologist. Using all the available clinical and
cognitive testing data a clinician diagnosed AD based on
the recommendations of the joint working group of the
National Institute of Neurologic and Communicative Disor-
ders and Stroke and the Alzheimer's Disease and Related
Disorders Association.17 A diagnosis of MCI was rendered
if the participant was judged cognitively impaired by the
neuropsychologist, but did not meet dementia criteria by
the clinician18 (see Supporting Information for details on
methods for MCI diagnosis). Each year the diagnosis was
made blinded to data from prior assessments.

Assessment of sarcopenia and its
components

We used the definition of sarcopenia suggested by recent
published consensus panels that defined sarcopenia
based on assessment of both muscle mass based on bio-
electrical impedance and muscle function based on grip
strength.2

Skeletal muscle mass index

Skeletal muscle mass was based on bioelectrical imped-
ance analysis (BIA) (ohms) recorded with Body Comp
Scale (BCS-1) series (Firmware version: 1.34; Valhalla
Scientific, Inc.).19,20 Janssen et al. derived a formula to
convert BIA to estimated muscle mass from magnetic res-
onance imaging evaluation; the expression is 0.401 times
the product of the square of the height in centimeters
and the reciprocal of the bioimpedance in ohms, with
adjustments for age, sex, and race.19,21 Following the
familiar conversion from total body mass to BMI, a skele-
tal muscle mass index (SMI) was computed by dividing
the estimate of skeletal muscle mass (SMM) by weight
squared. We computed this index for the Janssen formula
for SMM as an intermediate step in deriving composite

and binary variables. While age, sex, race, and height
squared were included in the formula used to derive skel-
etal muscle mass, muscle mass still varied with age, sex,
race, and height squared. Therefore, we also controlled
for these terms in the modeling outlined in the analytic
plan in the following text.

Muscle function

Grip strength was measured with the Jamar hydraulic
hand dynamometer (Lafayette Instruments). Two trials
of isometric grip strength were obtained bilaterally and
averaged to yield grip strength. Gait speed (m/s) was
based on the self-paced time to walk 8 feet.13

Composite sarcopenia

Categorical and continuous measures are complementary
and usually employed for different purposes. Binary
assessments of sarcopenia developed to date have been
utilized to estimate its prevalence, for the design of clini-
cal trials and because of the ease of binary measures for
decision-making in the clinical setting. Prior aging
research has shown that continuous composite measures
for motor function, cognition, parkinsonism, and physi-
cal frailty improve metric properties for capturing the
heterogeneity of aging phenotypes and have an important
role for longitudinal modeling of the trajectories of aging
motor phenotypes.7,22,23 Here we chose to use a continu-
ous measure of sarcopenia because to circumvent some
of the limitations of dichotomous measures, to capture
the heterogeneity of different levels of muscle mass and
function and represent with greater fidelity the nature of
the sarcopenia range. The composite sarcopenia average
is calculated as the mean sex-specific z-score, where z-
scores for SMI and for grip strength are computed sepa-
rately for men and for women and then multiplied by �1
so higher scores represent more sarcopenia. To ensure
that our composite sarcopenia measure could be linked
to prior studies which employed a categorical measure,
we also calculated a previously published binary sar-
copenia measure utilizing sex-specific binary classifica-
tions of low or not low muscle mass (male <8.87; female
<6.42) and grip strength (male <30 kg; female <20 kg).2

Other covariates

Demographic covariates included age, sex, years of edu-
cation, race, and measured height squared. Our models
included terms to adjust for seven chronic health
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conditions including the sum of three self-reported vascu-
lar risk factors, including hypertension, type 2 diabetes,
and smoking, and four vascular diseases (heart attack,
congestive heart failure, claudication, and stroke) as
described in prior publications.24 Briefly, hypertension
was determined by self-reported medical diagnosis,
current use of antihypertensive medication, or a measure
of systolic/diastolic blood pressure of ≥160/90 mm
Hg. Diabetes was also either a self-reported medical diag-
nosis or indicated by the current use of diabetic medica-
tion. Smoking was self-reported and defined as ever/
never smoked. Myocardial infarction was self-reported by
the use of cardiac glycosides (e.g., digoxin, lanoxin, etc.)
as medication. History of claudication was defined as
self-reported pain in calves while walking. History of
stroke was based on self-reported questions, cognitive
testing, interviews with participants, and neurological
examination (when available).

Statistical analyses

Pearson correlations were used to examine the associa-
tions of composite sarcopenia with age and education.
Student's t tests were used to compare measures between
men and women, race, and participants who did and
did not develop AD. To test the association of composite
sarcopenia with incident AD and incident MCI, we
employed Cox proportional hazard models. All models
were adjusted for age, sex, education, race, and height
squared. We repeated these models adding terms to test
for interactions of composite sarcopenia with each of the
demographic measures. We used Cox proportional
hazard models to examine the associations between the
individual measures, used to construct composite sar-
copenia (muscle mass and grip strength) with incident
AD and incident MCI.

Linear mixed models25 were employed to examine
whether composite sarcopenia was associated with the
annual rate of cognitive decline, the clinical hallmark
of AD. The core model included terms for time (rep-
resenting annual rate of change in global cognition
score), baseline composite sarcopenia, and its interaction
with time and terms for age, sex, education, race, and
height squared and their interactions with time. In initial
modeling of these data, baseline sarcopenia was not
associated with terms for nonlinear cognitive decline
(Time � Time) or its interaction with demographics so
we did not include nonlinear terms in further analyses.
As global cognition is constructed from five cognitive
abilities, we used similar models to examine if the associ-
ation of sarcopenia varied with the rate of decline of
these different cognitive abilities. Models were examined

graphically and analytically, and assumptions were
judged to be adequately met. Programming was done in
SAS (SAS Institute, Inc.).

RESULTS

There were 1175 older adults included in these analyses.
All adults included in these analyses were without
dementia at baseline; 121 of 914 (13.2%) with no cogni-
tive impairment (NCI) at baseline developed AD demen-
tia and 122 of 261 (46.7%) with MCI at baseline
developed AD dementia during the study. Participants
who developed AD dementia were followed on average
for 5.2 (SD = 3.2) years while those who did not develop
AD dementia were followed for 5.8 (SD = 3.5) years.
Participants who developed AD dementia were older,
had lower education and more severe sarcopenia. The
percentage of adults with vascular diseases was similar
in both subgroups, but those developing AD dementia
showed slightly less vascular risk factors. The average
participant was 80.9 (SD = 7.1) years old and had 15.1
(2.9) years of education. The majority (77.2%) of the
participants were females. Additional clinical charac-
teristics for the analytic cohort are summarized in
Table 1.

Metric properties of composite
sarcopenia score

Composite sarcopenia score ranged from �2.60 to 2.80
(interquartile range = 1.03, median = �0.57) with a
lower composite sarcopenia score indicating more severe
sarcopenia. Composite sarcopenia was related to older
age (r = �0.46, p < 0.001) and fewer years of education
(r = 0.12; p < 0.001). Women showed more severe
sarcopenia at baseline (women; mean = �0.62;
SD = 0.78) compared to men (mean = �0.17; SD = 0.79),
t(1173) = �8.21, p < 0.001. Finally, composite sarcopenia
was strongly correlated with the previously published
binary sarcopenia measure (r = �0.78, p < 0.001).

Composite sarcopenia and incident AD

During a mean of 5.6 years of follow-up, 243 (20.6%) indi-
viduals without dementia at baseline developed AD
dementia. In a Cox proportional hazards model control-
ling for age, sex, education, race, and height squared, a
higher baseline composite sarcopenia score was associ-
ated with a greater risk of incident AD (Table 2;
Figure 1). In this model, each 1 SD above the composite
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sarcopenia median score at baseline was associated with
a 50% higher risk of incident AD. The association of
sarcopenia with incident AD was not attenuated when
we added terms for the number of vascular risk factors
and vascular diseases (Table S1). This association of
sarcopenia with incident AD was stronger for younger
participants (age � sarcopenia, estimate = 0.05,

SE = 0.02; p = 0.01), for males (sex � sarcopenia, esti-
mate �0.53, SE = 0.26, p = 0.04) and among black partic-
ipants (race � sarcopenia, estimate = �1.36, SE = 0.68;
p = 0.05). The association of sarcopenia with incident
AD did not vary with education, vascular risk factors,
or diseases (results not shown). Consistent with the asso-
ciations of composite sarcopenia with incident AD,

TABLE 1 Clinical characteristics of the cohort at baseline

Characteristic All, N = 1175 Developed AD, N = 243 Did not develop AD, N = 932 Statistica; p-value

Age (years) 80.9 (7.1) 84.6 (5.7) 80.0 (7.1) �10.8; <0.001

Women (%) 77.2% 78.6 76.8 0.35; 0.56

Education (years) 15.1 (2.9) 14.7 (3.0) 15.1 (2.9) 2.3; 0.02

Race (% white) 95.1% 96.7 94.6 1.8; 0.18

Vascular risk factors, % of
at least one risk factor:

77.7 72.5 79.0 8.7; 0.003

Hypertension 57.5 52.3 58.9 3.5; 0.06

Diabetes 13.3 11.1 13.8 1.2; 0.26

Smoking (ever) 41.7 35.4 43.4 5.0; 0.02

Vascular diseases, % of at
least one vascular disease:

25.7 25.0 19.7 1.6; 0.21

Claudication 10 12.4 9.3 1.9; 0.16

Stroke 9.1 11.5 9.4 0.8; 0.36

Heart attack 9.5 11.1 9.1 0.9; 0.35

Congestive heart failure 4.9 3.1 5.6 2.4; 0.12

Composite sarcopenia (%)b 52.3% 70.0 47.6 38.5; <0.001

Abbreviation: AD, Alzheimer's dementia.
at test for continuous variables and chi-square test for categorical variables.
bPercentage based on binary sarcopenia.2

TABLE 2 Composite sarcopenia and incident Alzheimer's dementia (AD) and incident mild cognitive impairment (MCI)

Terms
Model 1, HR (95% CI);
p-value

Model 2, HR (95% CI);
p-value

Model 3, HR (95% CI);
p-value

Model 4, HR (95% CI);
p-value

Incident AD

Composite sarcopenia 1.50 (1.20–1.86); <0.001

Grip strength 0.65 (0.55–0.78); <0.001 0.66 (0.55–0.78); <0.001

Muscle mass 0.92 (0.80–1.07); 0.31 0.96 (0.83–1.11); 0.59

Incident MCI

Composite sarcopenia 1.21 (1.01–1.45); 0.04

Grip strength 0.88 (0.75–1.02); 0.09 0.89 (0.76–1.03); 0.13

Muscle mass 0.91 (0.80–1.04); 0.16 0.92 (0.81–1.05); 0.24

Note: Each cell shows the hazard ratio (HR), 95% confidence interval (CI), and p-value for the term shown in the left column in a Cox proportional hazards
models, which also included terms for age, sex, years of education, race, and height squared which are not shown. The upper panel examined the associations
of the predictors in the left column, alone and together, with incident AD (Models 1–4) and the lower panel examined these same predictors alone and together
with incident MCI (Models 5–8).
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Figure S1 uses binary sarcopenia and shows higher inci-
dent AD in individuals with sarcopenia compared to
those without sarcopenia.

Composite sarcopenia and incident MCI

There were 816 participants with NCI at baseline. During
a mean of 4.9 years of follow-up, 316 (38.7%) cases of
816 developed incident MCI. In a Cox proportional haz-
ards model controlling for age, sex, education, race, and
height squared, a higher baseline composite sarcopenia
score that is, more severe sarcopenia was associated with
a higher risk of incident MCI (Table 2). In this model,
each additional 1 SD above the baseline median compos-
ite sarcopenia score was associated with a 21% higher risk
of incident MCI. The association of sarcopenia with inci-
dent MCI was not attenuated when we added terms for
number of vascular risk factors and vascular diseases
(Table S1) and did not vary with age, sex, education, race,
vascular risk factors, or diseases (results not shown).

Components of composite sarcopenia and
incident AD

Composite sarcopenia was constructed from measures of
muscle mass and grip strength. We repeated the models
described above replacing composite sarcopenia with
terms for muscle mass and grip strength alone and
together. Muscle mass was not associated with incident
AD (Table 2, AD Model 3). Better grip strength was

associated with a reduced risk of incident AD (Table 2,
AD Model 2). The association of grip strength with inci-
dent AD was not attenuated when both grips strength
and muscle mass were included in the same model
(Table 2, AD Model 4). Grip strength alone, muscle mass
alone, or the inclusion of both in the same model were
not associated with incident MCI (Table 2, MCI models
2–4, respectively).

To examine whether the association of muscle func-
tion with incident AD and MCI was specific for grip
strength or was observed with other muscle function phe-
notypes which have been examined by other investiga-
tors, we repeated the models described above replacing
grip strength with gait speed. A faster gait speed was
associated with a reduced risk of AD (Table S2, AD
Model 1); Muscle mass did not attenuate the association
of gait speed with incident AD (Table S2, AD Model 3)
when both were included in the model. Faster gait speed
was marginally associated with a reduced risk of incident
MCI (Table S2) and reached statistical significance when
adjusting for muscle mass (Table S2, MCI Model 3).

Composite sarcopenia and cognitive
decline

As the clinical hallmark of AD is the progressive loss of
cognitive function and to ensure that diagnostic mis-
classification of cognitive status did not affect our results,
we employed linear mixed effect models to examine the
association of composite sarcopenia with a continuous
measure for cognitive function to assess its association
with the annual rate of cognitive decline. A higher base-
line composite sarcopenia score was associated with a
faster rate of cognitive decline (Table 3, term of
“Time � composite sarcopenia”). The association of sar-
copenia with global cognitive decline did not vary with
age, sex, education, or race. These associations were
unchanged when including terms for vascular risk factors
and vascular diseases.

Our measure of global cognition summarized five dif-
ferent cognitive abilities. We examined if the association
of baseline composite sarcopenia varied with the rate of
decline of the five cognitive abilities used to construct
global cognition score. A higher baseline composite sar-
copenia score was associated with faster decline in epi-
sodic memory and working memory, which seems to
drive the findings with global cognition score (Table 3).
In further analyses we replaced composite sarcopenia
with its components. Grip strength (estimate = 0.01,
SE = 0.004, p = 0.004) but not muscle mass (esti-
mate = 0.004, SE = 0.004, p = 0.285) was associated with
the rate of cognitive decline.

FIGURE 1 Sarcopenia is associated with incident Alzheimer's

dementia (AD). Risk of incident AD is higher in a participant with

severe sarcopenia at baseline (red line, high composite sarcopenia

score, 90th percentile) as compared to an individual with mild

sarcopenia (black line, low composite sarcopenia score, 10th

percentile)

SARCOPENIA AND INCIDENT COGNITIVE IMPAIRMENT 1831



DISCUSSION

This study of 1175 well-characterized community dwelling
older adults without dementia provides evidence that base-
line sarcopenia is associated with incident AD dementia,
incident MCI and the rate of cognitive decline. Analyses of
the components used to construct sarcopenia suggest that
muscle function, as measured by grip strength or gait
speed rather than muscle mass is the primary driver of
these associations. These longitudinal findings suggest that
sarcopenia in older age is related to a wider range of
adverse health outcomes including not only mortality and
disability, but also late-life cognitive impairment. Our
results provide additional support for the growing recogni-
tion that muscle function rather than muscle mass is the
primary driver of the reported associations of sarcopenia
with varied adverse health outcomes in older adults.

Aging adults show changes in body composition and
habitus with loss of lean muscle mass. Thus, early defini-
tions of sarcopenia focused primarily on reduced muscle
mass or bulk as the primary driver of the associations of sar-
copenia with adverse health outcomes in old age.26 There
has been increasing questions about the role of muscle mass
as part of the definition of sarcopenia.2 The recently publi-
shed consensus position by the Sarcopenia Definition and
Outcomes Consortium concluded that muscle function, and
not lean muscle mass, drives the association of sarcopenia
with risk of mortality and incident disabilities.1,3,27 The cur-
rent study lends further support to this conclusion by pro-
viding evidence that the association of sarcopenia with
incident cognitive impairment in older adults is also driven
primarily by muscle function and not muscle mass.

These reports emphasize previous findings in our
cohort, that metrics of grip strength and gait speed are
robust, but nonspecific predictors of adverse health out-
comes in old adults.5,6,13 In other words, while grip
strength and gait speed show significant associations with
diverse adverse health outcomes in older adults, these
metrics cannot identify individuals at risk for specific out-
comes. Thus, by measuring grip strength and gait speed
alone, it is not possible to identify an individual at risk
for incident cognitive impairment rather than other
adverse health outcomes such as disability or mortality.
Our novel longitudinal findings have important clinical
implications in that they broaden the spectrum of adverse
health outcomes associated with sarcopenia to include
incident AD, incident MCI, and cognitive decline. These
findings also underscore the need to identify more granu-
lar metrics for both components of sarcopenia. Under-
standing the underlying varied biological mechanisms
linking body composition measures and muscle function
with distinct adverse health outcomes is crucial for
development of more accurate risk stratification and
targeted interventions. Recent studies in this cohort
have employed wearable sensors to capture a wider
range of gait and balance metrics which may comple-
ment conventional gait speed metrics. These studies
suggest that collecting a wider range of muscle function
metrics with wearable sensors may improve prediction
models for specific adverse health outcomes such as
incident AD and MCI.28

Our results that muscle mass does not predict late-
life cognitive impairment, highlight that further work is
needed to identify which features of muscle structure

TABLE 3 Composite sarcopenia and declining cognitive abilities

Model Cognitive ability outcome Model term Estimate (SE, p-value)

1 Global cognition Time �0.07 (0.008, <0.001)

Time � composite sarcopenia score �0.013 (0.005, 0.01)

2 Semantic memory Time �0.07 (0.009, <0.001)

Time � composite sarcopenia score �0.009 (0.005, 0.07)

3 Episodic memory Time �0.05 (0.005, <0.001)

Time � composite sarcopenia score �0.014 (0.006, 0.02)

4 Working memory Time �0.05 (0.008, <0.001)

Time � composite sarcopenia score �0.01 (0.005, 0.050)

5 Perceptual speed Time �0.11 (0.008, <0.001)

Time � composite sarcopenia score �0.004 (0.005, 0.37)

6 Visuospatial abilities Time �0.02 (0.007, 0.003)

Time � composite sarcopenia score �0.003 (0.005, 0.55)

Note: Each of models shows the results for the model terms of “Time,” that is, the annual rate of change in global cognition and the interaction of baseline
composite sarcopenia score with “Time” form a single linear mixed-effect model, which also included an additional 10 terms for age, sex, education, race, and
height squared and their interaction with time.
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can be added to muscle function to improve the speci-
ficity of sarcopenia for identifying adults at risk for late-
life cognitive impairment. For example, further studies
of muscle morphology, including muscle fiber types
and size, and fiber groupings may add to predictions of
incident cognitive impairment. Many vital morphologic
features of muscle are influenced by CNS structures dis-
tributed in regions extending from the brain to spinal
motor neurons.29 While lean muscle mass may not be
the salient feature of muscle structure driving cognitive
impairment, few studies have systematically investi-
gated muscle morphology in large numbers of well-
characterized older adults and none have linked mor-
phologic changes in muscle with degeneration of nerve,
spinal cord, and brain in the same older individuals.
While muscle can be obtained in living older adults, the
influences of muscle and CNS degeneration can only be
studied together in well-characterized older individuals
at the time of death.

The basis for the associations of sarcopenia and cogni-
tive impairment is unknown. Muscle secretes hormone-
like proteins may reach cognitive brain regions via sys-
temic circulation rather than via CNS connection to affect
cognition.30,31 Myokines, secreted by muscle, contribute to
the regulation of hippocampal function32; moreover, myo-
statin, a potent myokine that modulates muscle atrophy,
when blocked, leads to increase in muscle mass and grip
strength and improved memory and learning in a trans-
genic model of AD.12 These recent studies highlight the
need for further studies to identify which markers of mus-
cle structure highlight these muscle links with cognition,
which if added to muscle function metrics, may improve
the specificity of sarcopenia for identifying adults at risk
for incident cognitive impairment.

This study has several limitations. The clinical data
analyzed were derived from a select cohort who agreed to
autopsy at death and may differ in important ways
from older persons in the general population such as
education, socio-economic status, and lifestyle. It will be
important to replicate these findings in more diverse
cohorts. The adults in this study were very old and our
results may not reflect the associations that might be
observed in mid-life or younger older adults. Mild cogni-
tive impairment is intermediate between an individual
with NCI and one with dementia. Our complementary
analyses showing the associations of sarcopenia with cog-
nitive decline, the principal manifestation of AD, lends
confidence that the association of sarcopenia with inci-
dent MCI was not likely to have been affected by diag-
nostic misclassification. While the use of electrical
bioimpendence measures has expanded, these measures
may be more variable than traditional measures of mus-
cle mass, that is, dual-energy X-ray absorptiometry

(DXA), particularly in very old adults,33,34 underscoring
the importance of replicating our findings with more tra-
ditional measures of muscle mass35 and advancing the
investigation of muscle morphology. Our results
remained robust after adjusting for cardiovascular risk
factors and diseases, but other factors such as cancer may
have affected muscle mass and function. Confidence in
the findings from this study is enhanced by several fac-
tors. Participants were examined annually for up to
13 years with structured validated clinical measures of
muscle mass, muscle and cognitive function in a large
number of males and females.

In summary, in a large cohort of initially nonde-
mented community-dwelling older adults we found an
association of sarcopenia with late-life cognitive impair-
ment. Adults with more severe baseline sarcopenia had
an increased risk of incident AD, incident MCI, and a
faster rate of cognitive decline. Our findings also sug-
gest that the muscle function component of sarcopenia
is the main driver of these associations. Further
research is needed to identify which features of muscle
structure and additional muscle function metrics can
improve the specificity of sarcopenia for use as a clini-
cal biomarker to identify adults at risk for late-life cog-
nitive impairment.
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SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

Table S1. Association of composite sarcopenia with inci-
dent AD and MCI (fully adjusted model)
Table S2. Association of muscle function (via gait speed)
and mass with incident AD and MCI
Figure S1. Sarcopenia diagnosis is associated with inci-
dent AD. Risk of incident AD is higher in participants

with a diagnosis of sarcopenia at baseline compared to
those without sarcopenia
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Editor’s Note
Many cross-sectional studies have shown that sarcopenia and mobility disability often occur in the same indi-
viduals also experiencing cognitive difficulties. This study uses the Rush Memory and Aging Project (MAP) to
demonstrate that in 1175 older adults (mean age = 80.9; 77% women) sarcopenia was associated with a higher
incidence of Alzheimer's dementia (AD) and mild cognitive impairment (MCI), as well as a greater rate of cog-
nitive decline at an average follow-up of 5.6 years. Moreover, it was muscle function in the form of handgrip
strength as opposed to muscle mass that predicted such cognitive decline.

These findings highlight the importance of overcoming barriers between silo- and organ-based approaches
to the care of older adults, while also illustrating the importance of screening for declines in physical perfor-
mance in individuals being evaluated for the risk of MCI and AD. Furthermore, they also begin to shed some
additional insights into the manner in which declines in muscle and cognitive function may be related to each
other, offering opportunities for intervention. To that end, growing evidence has demonstrated the potential
importance of targeting risk factors shared by declines in both functional domains. For example, exercise,
increased physical activity, the Mediterranean diet, and improved control of elevated systolic blood pressure are
all associated with the prevention or the slowing of both categories of functional decline.

Moreover, in addition to these shared risk factors, optimal physical and cognitive performance are closely
interlinked with each other. Not only does normal muscle structure and function depend on a normal innerva-
tion, but higher cortical function and efficient neural processing contribute to optimal muscle function and
physical performance. Conversely, myokines secreted by muscle and increased with exercise release neuro-
trophic factors, which help maintain normal brain integrity, plasticity, and function.

As noted by the authors, muscle function but not muscle mass are predictive of AD, MCI, and cognitive
declines. Therefore, the saying “use it or lose it” applies equally well to physical and cognitive performance, as
well as their influence on each other. While “increased activity” is clearly beneficial, much work remains to be
done before specific mediators of such benefit or therapeutic agents can be prescribed clinically. However, what
remains clear is that research and care focused on improving function in older adults can no longer address
some functional domains, while ignoring other categories of function.

George A. Kuchel, MD
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