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Background. Cognitive function and physical performance are associated, but the common sequence of cognitive and
physical decline remains unclear.

Methods. In the Women’s Health Initiative Memory Study (WHIMS) clinical trial, we examined associations at base-
line and over a 6-year follow-up period between the Modified Mini-Mental State (3MS) Examination and three physical
performance measures (PPMs): gait speed (meters/second), chair stands (number of stands in 15 seconds), and grip
strength (kilograms). Using mixed models, we examined the baseline 3MS as predictor of change in PPM, change in the
3MS as predictor of change in PPM, and baseline PPM as predictors of 3MS change.

Results. Among 1,793 women (mean age = 70.3 years, 89% white, and mean 3MS score = 95.1), PPM were weakly
correlated with 3MS—gait speed: r = .06, p = .02; chair stands: = .09, p <.001; and grip strength: »=.10, p <.001. Baseline
3MS score was associated with subsequent PPM decline after adjustment for demographics, comorbid conditions, medica-
tions, and lifestyle factors. For every SD (4.2 points) higher 3MS score, 0.04 SD (0.04 m/s) less gait speed and 0.05 SD (0.29
kg) less grip strength decline is expected over 6 years (p < .01 both). Changes in 3MS and PPM were associated, particularly
with chair stands and grip strength (p < .003 both). Baseline PPMs were not associated with subsequent 3MS change.

Conclusions. Baseline global cognitive function and change in global cognitive function were associated with physical
performance change, but baseline physical performance was not associated with cognitive change in this cohort. These analyses

support the hypothesis that cognitive decline on average precedes or co-occurs with physical performance decline.
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ULTIPLE studies have established relationships be-

tween cognitive function and muscle-based physical
performance in older adults. Longitudinal relationships be-
tween cognitive function and physical performance in older
adults have been demonstrated in three ways: (a) cognitive
measures as predictors of physical performance decline
(1-7), (b) physical measures as predictors of cognitive de-
cline or persistent cognitive impairment (8—13), and (c)
concurrent declines in cognitive and physical measures
(6,7,10,14). An important unanswered question is whether
one direction of longitudinal association is more consistent,
and the prior studies are limited in addressing this question
because they only focus on one or two of the above types of
predictive models. Understanding the dominant direction of
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association would be helpful in understanding mechanisms
and planning interventions to slow declines in both cogni-
tive and physical domains.

We hypothesized that on average, cognitive function
decrements would precede or co-occur with declines in
physical performance more consistently than physical per-
formance decrements would precede declines in cognitive
function. Three main mechanisms make this hypothesis bi-
ologically plausible. First, cognitive function is likely to be
equally or more sensitive to degenerative insults to the brain
than to the motor function. This is supported by the obser-
vation that many individuals with dementia continue to am-
bulate even into more severe stages of cognitive impairment
(15). Second, older adults may rely on cognitive processes
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to perform simple physical performance tasks, as evidenced
by a recent functional magnetic resonance imaging study
(fMRI) (16). Therefore, declines in cognitive function over
time might be expected to precede or co-occur with de-
creased physical performance because of greater reliance
on cognition for physical performance. Third, because de-
creased motivation may accompany deficits in cognitive
function, this may lead to further declines in physical per-
formance due to decreased physical activity over time.

The purpose of the present study was to explore the lon-
gitudinal relationship between cognitive and physical per-
formance by utilizing three approaches to the association in
a cohort of older women participating in the Women’s
Health Initiative Memory Study (WHIMS). Utilizing 6
years of repeated measures of cognitive function and physi-
cal performance, we compare baseline cognitive function as
a predictor of physical performance change, baseline physi-
cal performance as a predictor of cognitive change, and
change in cognitive function as a predictor of change in
physical performance.

METHODS

The WHIMS Clinical Trials

WHIMS is a pair of randomized, placebo-controlled
double-blind clinical trials designed to assess the effect
of postmenopausal hormone therapy on the incidence of
probable dementia and other cognitive outcomes. Partici-
pants between 65 and 80 years old were recruited from the
Women’s Health Initiative (WHI) and randomly assigned
with equal probability to receive 0.625 mg/day conjugated
equine estrogens (CEE) alone (if prior hysterectomy) or CEE
in combination with 2.5 mg/day of medroxyprogesterone
acetate (MPA; if no prior hysterectomy) versus matching
placebo. The WHIMS study design, eligibility criteria, and
recruitment procedures have been reported previously (17).
Briefly, exclusion criteria were based on competing risks
(medical conditions with a predicted survival of less than 3
years), safety (e.g., prior breast or other invasive cancer
within the past 10 years), adherence and retention factors
(e.g., unwillingness or inability to complete study require-
ments, alcoholism, performance during a pill run-in), prob-
able dementia, history of mental illness (including severe
depression), or evidence of drug dependence. The National
Institutes of Health and Institutional Review Boards for all
participating institutions approved the study, and all partici-
pants provided written informed consent.

Study Population

A total of 7,479 women aged 65-80 years old were
enrolled in the WHIMS clinical trials in 39 WHI clinical
centers throughout the United States. These women were
assessed annually for global cognitive function using the
Modified Mini-Mental State Examination (3MS) (18). Of

the 7,479 WHIMS participants, 25% had also been ran-
domly selected within WHI to have physical performance
repeatedly measured using a timed walk, chair stands, and
grip strength (19). This limited our potential study popula-
tion to 1,873 participants with data on physical performance.
Additionally, 80 participants were excluded due to a lack of
any follow-up cognitive or physical measures over the
6-year follow-up; these 80 individuals had lower cognitive
function and physical performance at baseline than partici-
pants included in this analysis. Thus, the final sample com-
prised the 1,793 participants with baseline and at least one
follow-up cognitive and physical performance measure
(PPM).

Follow-up and Retention

Following discovery of an unfavorable risk-to-benefit ra-
tio of its noncognitive end points for CEE + MPA therapy,
the WHI trial of this regimen was discontinued in July 2002
(20). The WHI trial of CEE therapy was discontinued in
February 2004 due to an increased risk of stroke and embo-
lic events and the lack of any favorable effect on cardiovas-
cular disease for CEE therapy (21). Mean WHIMS follow-up
was 4.4 (range: 0-8) years.

Global Cognitive Function Measure

The 3MS consists of 15 items that when summed range
from 0 to 100 with higher scores reflecting better cognitive
functioning (18). Test items measure temporal and spatial
orientation, immediate and delayed recall, executive func-
tion, naming, verbal fluency, abstract reasoning, praxis,
writing, and visuoconstructional abilities. The proportions
of women who provided 3MS data at annual examinations
were 97% (Year 1), 94% (Year 2), 90% (Year 3), 86% (Year
4), 81% (Year 5), and 81% (Year 6).

Physical Performance Measures

Physical performance (gait speed, chair stands, and grip
strength) was assessed at baseline and at Years 1, 3, and 6.
Gait speed (meters/second) was assessed using a timed
walk over a marked 6-m course at usual pace. Timing began
at the initiation of walking and ended when one of the par-
ticipant’s feet was completely across the finish line. The
chair stand test (number of stands in 15 seconds) was con-
ducted using a standard, straight-backed, flat-seated (non-
padded), and armless chair. Participants were instructed to
stand up and sit down with arms folded across the chest as
many times as possible in a 15-second period. Grip strength
(kilograms) was tested in the dominant hand using a stan-
dard hydraulic handgrip dynamometer. The participant was
instructed to squeeze the handle of the dynamometer as
hard as she could for two trials. For all PPMs, we utilized
the better of two trials for these analyses. The PPM data
was slightly less complete than the 3MS data, declining to
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76% (gait speed), 69% (chair stands), and 76% (grip
strength) at Year 6.

Covariates

We considered as covariates any measures or characteris-
tics present at baseline that may potentially confound the
relationship between cognitive and physical function. Data
collection methods and reporting for these variables for the
WHI are described more fully elsewhere (17,22). Briefly,
data on baseline demographic and health habits were col-
lected via standard self-report assessments (age, ethnicity,
educational level, family income, smoking status, and alco-
hol consumption). Total exercise in the previous week was
also assessed by questionnaire, and metabolic equivalents
of each type of physical activity were assigned to calculate
the total kilocalories per kilogram of body weight expended
(23). Other covariates included trial treatment assignment
(CEE alone, CEE + MPA, or placebo), body mass index
(calculated as measured weight in kilograms divided by
measured height in meters squared), depressive symptoms
(measured by Centers for Epidemiological Studies-Depres-
sion 10-item scale score) (24), hemoglobin level, systolic
and diastolic blood pressure (average of two measurements),
self-report history of physician diagnosis of specific dis-
eases (hypertension, diabetes mellitus, coronary artery dis-
ease, cerebrovascular disease, peripheral arterial disease,
and nondermatological cancer), and self-reported medica-
tions that might affect the central nervous system (sedatives
[benzodiazepines and barbiturates], narcotics, anticholin-
ergics, serotonin selective reuptake inhibitors, and tricyclic
antidepressants).

Statistical Analysis

Baseline characteristics were reported as mean £ SD un-
less otherwise stated. Correlation coefficients were used to
summarize baseline relationships between the 3MS and
each PPM. To analyze the cross-sectional and longitudinal
relationships between cognition and physical performance,
a series of linear regression and mixed effects models were
used. First, linear regression models were used to assess
the baseline cross-sectional relationships that 3MS, as the
independent variable, had with each of the physical mea-
sures (gait speed, chair stands, and grip strength), as de-
pendent variables. Second, mixed effects models (SAS
Proc Mixed) were used to assess whether baseline 3MS
score predicted declines in each of the physical measures
over the 6-year follow-up and whether baseline physical
measures predicted changes in 3MS scores. Finally, the as-
sociations that changes in cognitive function (independent
variable) had with changes in each PPM over time (depen-
dent variables) were assessed with three additional mixed
effects models. Two levels of covariate adjustment were
used in each case: (a) a limited adjustment model including
clinic site, age, ethnicity, education, income, and trial treat-

Table 1. Baseline Characteristics of Study Participants (n = 1,793)

Characteristic M £ SD or %
Age (y) 70.3+£3.7

% White 89%

Less than high school education 7.0%
Family income

Do not know 2.3%

$19,999 or less 24.5%

$20,000-49,999 51.8%

$50,000 or greater 21.4%

% Assigned to active treatment (CEE alone or CEE + MPA) 49.6%
Smoking status

Current 6.7%

Past 37.5%
Self-reported alcohol intake

None or past drinker 34.1%

Less than 1 per wk 33.2%

1-6 drinks per wk 21.9%

7 drinks or more per wk 10.8%
Total weekly exercise (kcal/kg/wk) 11.4+13.6
Body mass index (kg/m?) 28.5+5.7
Hypertension 38.0%
Diabetes mellitus 8.4%
Cardiovascular disease 16.7%
Cerebrovascular disease 4.0%
Peripheral arterial disease 2.1%
History of nondermatologic cancer 3.6%
Hemoglobin (gm/dL) 13.6+£1.0
Medications

Sedatives 4.6%

Narcotics 1.7%

Anticholinergics 12.4%

Serotonin selective reuptake inhibitors 3.1%

Tricyclic antidepressants 2.3%
Baseline shortened CESD score 0.025 £ 0.09
Baseline 3MS score 95.1+44
Gait speed (m/s) 1.22£0.97
Chair stands (number of stands in 15 s) 6.8+ 1.8
Grip strength (kg) 242+59

Notes: 3MS = Modified Mini-Mental State Examination; CEE = conjugated
equine estrogens; CESD = Centers for Epidemiological Studies-Depression;
MPA = medroxyprogesterone acetate.

ment assignment (and baseline outcome variable for longi-
tudinal models) as covariates and (b) a full adjustment
model that added smoking status; alcohol consumption;
exercise in the previous week; body mass index; depres-
sive symptoms; hemoglobin level; history of hypertension,
diabetes mellitus, coronary artery disease, cerebrovascular
disease, peripheral arterial disease, and nondermatological
cancer; and medications to the covariates in the limited ad-
justment model.

RESULTS

The characteristics of the 1,793 women included in the
analysis are presented in Table 1. The mean age of the study
group was 70.3 years, 89% were white, and 7% had less
than a high school education. The average 3MS score of
95.1 and average gait speed of 1.22 m/s indicates high func-
tioning in this cohort. Overall, the mean scores for each
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Table 2. Baseline Cross-Sectional Associations Between the 3MS score and PPMs

Regression Coefficient for Baseline PPMs per SD Increment® of 3MS

Gait Speed Chair Stands Grip Strength
Model Coefficient (SE) p Value Coefficient (SE) p Value Coefficient (SE) p Value
Limited adjustment .012 (0.029) .67 .030 (0.048) .55 .330 (0.158) .04
Full adjustment —.013 (0.031) .69 .041 (0.050) 41 420 (.165) .02

Notes: 3MS = Modified Mini-Mental State Examination; PPMs = physical performance measures.

Limited adjustment: clinic site, age, ethnicity, education, income, and trial treatment assignment. Full adjustment: Adds smoking status, alcohol consumption,
exercise in the previous week, body mass index, depressive symptoms (Centers for Epidemiological Studies-Depression 10-item scale score), hemoglobin level,
hypertension, diabetes mellitus, coronary artery disease, cerebrovascular disease, peripheral arterial disease, cancer, and medications.

*SD = 4.4 points.

physical measure declined over the 6 years, however, mean
3MS scores did not.

At baseline, each PPM was modestly but significantly
correlated with 3MS scores: gait speed: r = .06, p = .02;
chair stands: r = .09; p < .001; and grip strength: r = .10,
p < .001. In both limited and full covariate adjusted regres-
sion models with baseline 3MS as the independent variable
and each PPM as the dependent variable, significant rela-
tionships were found only for grip strength (Table 2). In the
fully adjusted model, a 1 SD higher 3MS score (4.4 points)
was associated with a 0.420 kg higher mean grip strength
(corresponding to 0.07 SD of grip strength).

Table 3 shows the results of mixed effects models re-
lating baseline 3MS and change in 3MS over the 6-year
follow-up to change in each PPM. Baseline 3MS signifi-
cantly predicted subsequent change in grip strength; in
the fully adjusted model, 1 SD higher score on the base-
line 3MS was associated with 0.05 SD (0.289 kg) less
average decline in grip strength over the follow-up. After
full adjustment, a similar relationship was found for gait
speed. The relationship for chair stands was in the same
direction but not statistically significant in either the
limited or full adjustment models (p = .08 after full
adjustment).

Also in Table 3, the relationship between change in 3MS
and change in PPMs is shown. In the limited adjustment
models, less decline in 3MS was significantly associated
with less decline in each of gait speed, chair stands, and grip
strength. These associations remained significant for chair
stands and grip strength with full adjustment: 1 SD less de-
cline in 3MS was associated with 0.06 SD (0.101) less de-
cline in the number of chair stands in 15 seconds and 0.04
SD (0.258 kg) less decline in grip strength. For gait speed,
the magnitude of the association with change in 3MS was
decreased slightly and the relationship was no longer sig-
nificant after full adjustment (p =. 08).

Table 4 presents the results of the separate mixed effects
models with baseline gait speed, chair stands, and grip
strength as independent variables and subsequent declines
in the 3MS as the dependent variable. No significant rela-
tionships were found.

D1SCcUSSION

In this high-functioning cohort of 65- to 80-year-old
women, we found that baseline global cognitive function
and global cognitive decline independently predicted de-
clines in specific physical measures but that none of our

Table 3. Relationship Between Baseline 3MS Score and Change in 3MS to Average Change in Physical Performance Over 6-Year Follow-up

Regression coefficient for change in PPMs per SD increment* of baseline 3MS

A Gait speed A Chair stands A Grip strength
Predictor variable Model Coefficient (SE) p Value Coefficient (SE) p Value Coefficient (SE) p Value
Baseline 3MS Limited adjustment .029 (0.017) .053 (0.038) .16 309 (0.110) .005
Full adjustment .037 (0.019) .069 (0.040) .08 .289 (0.118) .02

Regression coefficient for change in PPMs per SD increment* of 3MS change over 6 y

A Gait speed A Chair stands A Grip strength
Predictor variable Model Coefficient (SE) p Value Coefficient (SE) p Value Coefficient (SE) p Value
Change in 3MS Limited adjustment .039 (0.018) .118 (0.032) <.001 271 (0.092) .003
Full adjustment .034 (0.019) 101 (0.033) .002 .258 (0.098) .003

Notes: 3MS = Modified Mini-Mental State Examination; PPMs = physical performance measures.

Limited adjustment: clinic site, age, ethnicity, education, income, trial treatment assignment, and baseline PPM. The model with change in 3MS as the indepen-
dent variable is also includes baseline 3MS. Full adjustment: Adds smoking status, alcohol consumption, exercise in the previous week, body mass index, depressive
symptoms (Centers for Epidemiological Studies-Depression 10-item scale score), hemoglobin level, hypertension, diabetes mellitus, coronary artery disease, cere-

brovascular disease, peripheral arterial disease, cancer, and medications.
*SD = 4.4 points.
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Table 4. Relationship Between Baseline PPMs and Change in 3MS Score over the 6-Year Follow-up

Regression Coefficient for Change in 3MS per SD Increment of Baseline PPM

Limited Adjustment Full Adjustment
Baseline Physical Function Measure (SD) Coefficient (SE) p Value Coefficient (SE) p Value
Gait speed (.97 m/s) —.088(0.074) 23 —.081 (0.074) 27
Chair stands (1.8/15 s) —.100 (0.081) 22 —-.077 (0.086) .37
Grip strength (5.9 kg) 144 (0.081) .08 .064 (0.085) 45

Notes: 3MS = Modified Mini-Mental State Examination; PPMs = physical performance measures.

Limited adjustment: clinic site, age, ethnicity, education, income, trial treatment assignment, and baseline 3MS score. Full adjustment: Adds smoking status, al-
cohol consumption, exercise in the previous week, body mass index, depressive symptoms (Centers for Epidemiological Studies-Depression 10-item scale score),
hemoglobin level, hypertension, diabetes mellitus, coronary artery disease, cerebrovascular disease, peripheral arterial disease, cancer, and medications.

physical measures predicted cognitive change. These find-
ings support our hypothesis that cognitive function decre-
ments in older adults on average precede or co-occur with
physical performance declines. Although these findings
need to be confirmed in broader populations of older adults,
the main implication of these analyses is that older adults
with declining global cognitive function are at risk for
muscle-based physical declines over time and interventions
in those with decreased cognitive function such as physical
activity might be considered to preserve muscular and cog-
nitive function. Our finding of a more consistent association
of cognitive function with grip strength suggests that this
simple measure may be useful to include in future studies of
the relationship between cognitive function and physical
performance.

The result that baseline global cognitive function and
change in global cognitive function were associated with
declines in physical performance is consistent with prior
studies (1-7,14). Several studies have previously demon-
strated that baseline physical performance predicts declines
in cognitive function (10-13,25) and/or incident cognitive
impairment or dementia (7-9,26,27), but we could not con-
firm these findings, possibly due to a lower relative strength
of the predictive association of baseline PPMs with subse-
quent global cognitive function change or possibly due to
measurement limitations with our cognitive function mea-
sure. It is also possible that the lack of overall cognitive
decline in our sample may have limited our ability to detect
a relationship.

There are several mechanisms to explain the longitudinal
relationships that we observed between global cognitive
function and physical performance. It is possible that in-
creased cognitive monitoring is required for physical per-
formance as individuals age, and when cognitive function
declines, the ability to monitor physical performance may
therefore decline. Supporting this concept, a recent fMRI
study demonstrated greater activation in areas of the brain
reflecting increased cognitive monitoring of even simple
hand and foot movements in older adults versus younger
adults (e.g., the presupplementary motor area, predorsal
motor area, rostral cingulate, and prefrontal cortex) (16).
Another potential mechanism is that vascular or degenera-

tive insults to the brain may affect both cognitive and motor
areas, which would then explain a link between cognitive
function and physical performance over time. Additionally,
comorbid factors and health behaviors could affect the
brain, peripheral nerves, skeletal muscle, and their connec-
tions individually. For example, we have previously ob-
served that combined declines in cognitive and physical
performance are associated with lower hemoglobin levels
and current smoking (14). It is therefore possible that such
systemic factors as smoking and low hemoglobin could
contribute to lower cognitive function and physical perfor-
mance through directly impacting the oxygen supply to
the brain, peripheral nerves, and skeletal muscle. Physical
activity could also affect both cognition and muscular
function individually (28,29). However, we found signifi-
cant longitudinal relationships between cognitive function
and physical performance even after adjustment for smok-
ing status, hemoglobin level, and many other potential
confounders.

The stronger relationship of global cognitive function
with the grip strength measurement is a notable finding of
this study, and we offer a few potential reasons for this pos-
sible selective association. First, the strongest relationship
between cognition and physical performance could truly be
with strength, and this could possibly be related to denerva-
tion of skeletal muscle that could accompany neural aging
(30). Second, grip strength could be considered a more
novel cognitively demanding task than the other measures
as it involves the use of an instrument and is a test of maxi-
mal performance. Lastly, there was a greater variance in
the sample for performance on the grip strength measure,
which could have accounted for greater sensitivity to detect
a relationship.

This study has several strengths, including the large sam-
ple size, concurrent cognitive and physical assessments us-
ing validated measures, and a number of lifestyle and health
variables available. Some strengths of this study can also be
considered limitations. Women participating in a clinical
trial are likely to be healthier than the general population,
which limits confounders but constrains the generalizability
of our results. The lack of overall cognitive decline in the
sample likely limited our ability to detect a relationship
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between baseline physical measures and cognitive decline;
examining these relationships in a larger sample with over-
all cognitive decline would be informative. It is also possi-
ble that the 3MS, as a measure of global cognitive function,
was not as sensitive to change as the PPMs, which had
greater variance in our sample and are less prone to ceiling
effects. If other measures of cognitive function had been
available for the cohort that focused on executive function
or cognitive processing speed, we may have found a rela-
tionship between baseline physical measures and declines
in these specific cognitive functions. Other PPMs (such as
quantitative gait analyses) could also be more sensitive to
cognitive function, but the physical measures used in this
study are easy to perform in a clinical setting and predict
important clinical outcomes, including disability and mor-
tality (31,32). Lastly, some factors that we considered as
confounders in our full adjustment models could also be
considered mediators of the association between cognitive
function and physical performance, such as depressive
symptoms and physical activity level. However, results
from our fully adjusted models were not meaningfully
changed, and in post hoc analyses, we found that removing
physical activity from the models with baseline 3MS and
change in 3MS as predictors did not change the estimates or
significance.

In summary, this study investigated the association be-
tween cognitive function and physical performance bidirec-
tionally and our findings suggest that global cognitive
function decrements more consistently precede or co-occur
with physical performance decline among older women. Al-
though there are likely to be individual differences in the
temporal sequence of cognitive and physical decline, it is
worthwhile to consider the predominant direction of asso-
ciation in future research to add to our understanding of the
mechanisms of the relationship between cognitive and
physical performance.
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