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Abstract

Background: previous studies have demonstrated an association between gait speed and cognitive function. However,
the relationship between balance and cognition remains less well explored. This study examined the cross-sectional and
longitudinal relationship of balance and cognitive decline in older adults. Methods: a cohort of 4,811 adults, aged ≥65 years,
participating in the Cardiovascular Health Study was followed for 6 years. Modified Mini-Mental State Examination (3MSE)
and Digit Symbol Substitution Test (DSST) were used to measure cognition. Tandem balance measures were used to evaluate
balance. Regression models were adjusted for demographics, behavioural and disease factors. Results: worse balance was
independently associated with worse cognition in cross-sectional analysis. Longitudinally, participants aged ≥76 years with
poorer balance had a faster rate of decline after adjustment for co-variates: −0.97 points faster decline in 3MSE per year
(95% confidence interval (CI): −1.32, −0.63) compared to the participants with good balance. There was no association of
balance and change in 3MSE among adults aged <76 years (P value for balance and age interaction < 0.0001). DSST scores
reflected −0.21 (95% CI: −0.37, −0.05) points greater decline when adjusted for co-variates. In Cox proportional hazard
models, participants with worse balance had a higher risk of being cognitively impaired over the 6 years of follow-up visits
(adjusted HR:1.72, 95% CI: 1.30, 2.29). Conclusions: future studies should evaluate standing balance as a potential screening
technique to identify individuals at risk of cognitive decline. Furthermore, a better understanding of the pathophysiological
link between balance and cognition may inform strategies to prevent cognitive decline.
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Key Points

• Standing balance and cognitive function were examined in older adults.
• Older adults with worse balance scores had lower cognitive function.
• Older adults with worse balance had a larger decrease in cognitive function over 6 years of follow-up.
• Adults aged 76 and older saw a larger difference between worse balance scores and cognitive decline.
• Older adults with worse balance had a higher risk of being cognitively impaired over the 6 years of follow-up.

Introduction

In 2011, the Centers for Disease Control and Prevention
(CDC) estimated 16 million people with cognitive impair-
ment in the USA based on the prevalence of adult brain
disorders [1]. Early detection of cognitive impairment and

dementia can reduce the burden of the disease by allowing
timely action from health care providers,patients and family
members [2]. Because of their strong association with cogni-
tive function, measures of physical performance have been
suggested as possible screening tools for cognitive decline
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[3–6]. A better understanding of factors that precede cog-
nitive decline can aid clinicians and members of the health
care community in identifying at-risk individuals. Moreover,
a better understanding of the shared pathophysiology of
physical performance and cognitive impairment could help
inform interventions aimed at preventing cognitive decline.

Previous literature has shown a cross-sectional link
between physical performance, including balance, and
cognitive decline, although few have examined the relation-
ship over time [3,5,7–9]. One study, examining physical
performance and the risk of dementia, found higher
risk of dementia with balance measures than with other
physical measures [10]. Balance relies on signals and
feedback from the vestibular system and brain, providing a
physiological link between the two [11–13]. Evaluating the
relationship over time may establish temporality between
cognitive function and balance that has not been thoroughly
demonstrated. Determining the potential of balance as a
risk factor for cognitive impairment has the possibility to
inform interventions that prevent cognitive decline in an
older population in the future.

The objective of this study was to evaluate the cross-
sectional and the longitudinal relationship between standing
balance and cognitive function in a cohort of older adults
participating in the Cardiovascular Health Study (CHS). We
hypothesised that worse balance would be associated with
lower cognitive function scores and greater decline over time
in a large cohort of older adults. Previous research has shown
that cognitive function can vary by age, race and gender [14–
16], so we also evaluated effect modification by these factors.

Methods

Study population

The population used in this study consisted of adults aged
65 years and older in the CHS. The study was comprised
of 5,201 participants in 1989–90, with an additional 687
African Americans recruited in 1992–93 [17]. Participants
were seen annually in the clinic over 10 years (1989–99)
and took part in biannual phone interviews [17, 18]. We
excluded participants diagnosed with Parkinson’s disease
(n = 47) for all analyses. For the cross-sectional analytical
sample, we used three assessments at the seventh follow-
up year (1996–97) since this year had more detailed balance
assessments. Participants who did not have balance measures
(n = 1,627) for that year were excluded, resulting in a final
sample size of 3,184. The longitudinal analytical sample was
based on the third yearly follow-up visit (1992–93) and
excluded participants who did not have balance measures
(n = 1,044) based on one assessment resulting in a total of
4,811 participants. Additionally, participants with Modified
Mini-Mental State Examination (3MSE) scores below 80
at the third follow-up year were removed for the Cox pro-
portional hazard regression model, as they were considered
cognitively impaired, for a sample size of 4,290. Participants
were followed for up to 6 years in longitudinal follow-up.

Primary exposure

Balance measures were assessed using validated tandem
stance measures at the third and seventh follow-up visits
(see timeline in Supplemental Figure S1) (Supplementary
data are available in Age and Ageing online) [19]. Only
full-tandem stance was assessed as a binary variable at
the third follow-up visit, which required participants to
stand with one foot in front of the other, for 5 s. Semi-
tandem stance and side-by-side stance were also included
in the balance measures for the seventh follow-up visit.
The measures involved holding a full-tandem stance for
10 s; holding a semi-tandem stance, one foot slightly in
front of the other, for 10 s and side-by-side stance, both
feet next to each other, for 10 s. For these measurements,
time was recorded in seconds if the 10 s were not reached
[18].

In the seventh follow-up visit, we followed the previous
methods of Houston et al ., used with CHS data, to catego-
rized balance as: (i) participants who failed to hold a tandem
stance for more than 2 s and included participants who could
complete a side-by-side stance and semi-tandem stance for
10 s; (ii) participants who held a full-tandem stance for
3–9 s and (iii) participants who held a full-tandem stance
for a completion of 10 s [20]. Balance at the third follow-up
visit was defined as a dichotomous variable for the baseline
of the longitudinal analysis based on the ability to complete
the 5 s tandem stance hold.

Outcome

Cognitive function was measured annually using the 3MSE
and the Digit Symbol Substitution Test (DSST). The 3MSE
scores range from 0 to 100 and were collected during yearly
clinical visits that evaluated domains of memory, registra-
tion, mental reversal, recall, temporal and special orientation,
writing and more [17]. The 3MSE is a reliable and valid
measure of global cognitive function often used for dementia
screening [21,22]. Study participants were considered cog-
nitively impaired if they had 3MSE score below 80 for 2
consecutive years or a score below 80 with a consecutive
missing score [23]. DSST is a well-known valid and reliable
measure that tests psychomotor performance that requires
matching symbols and numbers with scores ranging from 0
to 90 [17,24,25].

Over the 6 years of follow-up, the 3MSE measure had
7,128 (21.43%) missing out of 33,677 possible observations
and 141 (4.4%) missing out of the 3,184 participants at
the seventh follow-up visit. Due to the missing values of
3MSE, telephone interview responses were used to address
the missing values using the method discussed in Arnold
et al . [26], reducing the missing values to 5,945 (17.65%)
of the 33,677. The seventh year follow-up visit had two
missing values out of 3,184 participants with balance mea-
sures. DSST measure had 8,724 (25.9%) missing obser-
vations out of the 33,677 observations throughout the 6
years.
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Co-variates

We considered the following variables as potential continu-
ous co-variates: age, weekly alcohol consumption, depression
score, body mass index (BMI), number of medications,
kidney function and physical activity. Categorical co-variates
considered as potential confounders were sex, race, educa-
tion, previous physical activity level, smoking status, dia-
betes, stroke, coronary heart disease, heart failure, hyperten-
sion, apolipoprotein E-4 (APOE-4) allele and MRI brain
infarcts. All values were taken from the third follow-up visit,
except gender, age, race and education, which were recorded
at baseline. Age was dichotomized at the median (≥76
versus <76 years). Education was categorized as less than
high school, high school or general education development
test (GED), some college or vocational school, graduate or
professional school. Race was recoded as white and non-
white; <1% of non-white participants identified as a race
other than African American. Physical activity was measured
as weekly calories burned (kcal). Previous physical activity
level compared activity level before 65 years of age to baseline
activity level and was categorized as less active, about as
active, a little more active and a lot more active. Diabetes was
defined by fasting glucose levels of ≥126 (mg/dl) or use of
diabetes medication. Borderline diabetes was defined as fast-
ing glucose levels of 100–126 (mg/dl). Smoking was catego-
rized into current smoker, former smoker and never smoker.
Hypertension was measured as systolic blood pressure of
≥140 mg/dl or diastolic blood pressure of ≥90 mg/dl or use
of hypertension medication. Pre-hypertension was defined
as the systolic blood pressure between 120 and 140 mg/dl or
diastolic blood pressure between 80 and 90 mg/dl. BMI was
a continuous variable calculated as weight (kg)/height (m)2.
Kidney function was measured by the estimated glomerular
filtration rate (eGFR) using cystatin-C (ml/min/1.73m2).
Depressive symptoms were classified based on the Center of
Epidemiologic Studies Depression Scale [18].

Analysis

We compared the baseline descriptive characteristics using
a chi-square or t-test for comparisons between the balance
groups at the third follow-up visit. We used linear regression
for the cross-sectional analysis of standing balance (tandem
stance measure) and cognitive function outcome; this cross-
sectional analysis used data from the seventh follow-up visit
to incorporate the more extensive balance measures. The
longitudinal analyses used the third follow-up visit as the
baseline for the standing balance measures and evaluated
3MSE and DSST through the ninth follow-up visit based
on linear mixed models (6 years of follow-up). This model
was specified as:

3MSEij = (
β0 + b0i

) + (
β1 + b1i

)
Yearij + β2Balancei

+β3Balance ∗ Yearij + β ∗ Covariatesi.

Finally, a Cox proportional hazard regression model was
performed to examine the hazard of standing balance expo-
sure measure and incident cognitive impairment over 6
years of follow-up. While the linear mixed model evaluates
the average change across all participants, the Cox model
estimates the likelihood of new cognitive impairment among
those who were not cognitively impaired at baseline. For
all analyses, interactions with gender, race and age were
evaluated to assess effect modification, and a P value < 0.05
was considered significant for the interaction terms. Model 1
adjusted for education, gender, age and race; Model 2 further
adjusted for smoking, drinking, BMI, number of medication
and physical activity level; Model 3 was Model 2 plus APOE-
4, diabetes, hypertension, eGFR, heart failure, heart disease,
stroke, depression and MRI infarcts. Participants who did
not agree to the use of genetic data were excluded from
the analysis involving APOE. In addition, we performed
sensitivity analyses that included walking speed as a co-
variate and excluded participants who used assisted devices.
Finally, we performed a sensitivity analysis by evaluating
alternative age cut points of 75 and 80 years. All analyses
were conducted using SAS/STAT™ software version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

At study baseline, 919 (19%) of the 4,811 participants failed
to hold a tandem stance for 5 s. Participants who failed the
balance test were slightly older and more likely to be female,
have less education, be diabetic and hypertensive, suffer from
small and large MRI brain infarcts, have lower eGFR and
have lower physical activity levels (Table 1). Participants who
failed the balance test also had lower 3MSE and DSST
scores, were less likely to suffer from heart failure, more
likely to suffer from stroke and depressive symptoms and
have fewer alcoholic drinks in a week. There were similar
patterns across balance groups among participants at the
seventh follow-up visit (Supplemental Table S1) (Supple-
mentary data are available in Age and Ageing online).

In the cross-sectional analyses (Table 2), worse balance
was associated with lower cognitive function, and this asso-
ciation was present after the adjustment for potential con-
founders. Participants who did not hold a full-tandem stance
for more than 2 s had a 4.57 (95% confidence interval (CI):
−5.73, −3.40) point lower 3MSE, and those who held the
stance for 3–9 s had a 0.89 (95% CI: −1.68, −0.10) lower
3MSE than those who held it for the full 10 s. The difference
was larger in adults ≥76 years compared to adults <76 years
(P value for the interaction of balance and age = 0.025 in the
demographic-adjusted model). In the fully adjusted model,
participants 76 years and older with the worst balance scored
had an average 3MSE of −6.20 (95% CI: −7.93, −4.47)
lower than those with the best balance compared to −2.18
(95% CI: −3.77, −0.59) for participants <76 years of age.
The adjusted models using DSST as an outcome had similar
overall findings.
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Table 1. Characteristics of participants stratified by balance scores at the third follow-up visit (1992–93) in the CHS

Characteristic Subjects with failed tandem stanced (n = 919) Subjects with completed tandem stanced

(n = 3,892)

n %/Mean (SD) n %/Mean (SD)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years)∗ 919 79 (6.3) 3,892 76 (5.0)
Female sex∗ 610 66 2,208 57
Non-white race 171 19 702 18
Education∗

Less than high school 182 20 472 12
High school or GED 367 40 1,621 42
Some college or vocational school 289 32 1,353 35
Graduate or professional school 76 8 441 11

Smoking
Never smoked 422 47 1,726 45
Previous smoked 385 43 1,725 45
Current smoker 91 10 374 10

Weekly alcoholic drinks∗ 916 1.4 (4.4) 3,887 2.2 (6.5)
Depression score∗ 916 6 (5.2) 3,890 5 (4.7)
Diabetes∗ ,a

Normal 430 51 2,016 54
Pre-diabetic 238 28 1,199 32
Diabetic 179 21 525 14

Hypertension∗ ,b

Normal 73 8 504 13
Pre-hypertensive 163 17 819 21
Hypertensive 683 74 2,568 66

BMI (kg/m2) 872 27 (5.3) 3,833 27 (4.6)
MRI brain small infarct∗ 109 18 360 13
MRI brain large infarct∗ 261 43 806 28
MRI brain cortical infarcts∗ 261 43 806 28
Number of medication∗ 918 3 (2.5) 3,890 2 (2.2)
eGFR (ml/min/1.73 m2)∗ ,c 833 64 (18.0) 3,707 70 (16.7)
Calories burned during exercise a week (kcal)∗ 913 1,033 (1,468.2) 3,878 1,506 (1,791.9)
APOE-4 allele 204 25 1,103 25
Activity level before age 65 years compared to now

Less active 68 7 311 8
About as active 247 27 1,053 27
A little more active 283 31 1,246 32
A lot more active 318 35 1,263 33

Heart failure∗ 97 2 187 5
Coronary heart disease 220 24 818 21
Stroke∗ 90 10 155 4
3MSE∗ 916 85 (13.2) 3,889 91 (8.2)
DSST∗ 843 32 (13.8) 3,813 40 (13.4)

Note. Abbreviation: SD, standard deviation. aDiabetes: Normal: fasting glucose < 100, pre-diabetic: ≥ 100 and <26 and diabetic: fasting glucose ≥ 126 or
taking hypoglycemic oral medications. bHypertension: Normal: systolic blood pressure < 120 and diastolic blood pressure < 80, pre-hypertensive: systolic blood
pressure ≥ 120 and <140 or diastolic blood pressure ≥ 80 and <90; hypertensive: systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90 or usage of
antihypertensive medication. ceGFR calculated using the cystatin-C based CKD-Epi equation. dIndividuals who could hold a tandem stance for 5 s were considered
to have completed the tandem stance, and individuals who were unable to hold the stance for 5 s were considered to have failed. ∗Differed by balance scores with
P value <0.05.

The longitudinal analyses (Table 3) demonstrated worse
cognitive decline over 6 years of follow-up among partici-
pants who failed the tandem stance. Participants who failed
to hold a tandem stance had an average −0.88 (95% CI:
−1.06, −0.69) greater decline in 3MSE score per year.
This association was attenuated to −0.74 (95% CI: −0.97,
−0.51) when adjusted for all co-variates. There was an
interaction between balance and age in the demographic-
adjusted longitudinal models (P value for interaction <

0.0001). Interactions between balance and gender or race
were not significant (P value > 0.39). When adjusted for all

co-variates, adults ≥76 years had a decrease of 0.97 3MSE
points (95% CI: −1.32, −0.63). No significant differences
were found among adults <76 years. Similar results were
found for DSST. The interaction terms were not significant,
with a 0.45 P value for balance and age interaction.

Participants who had worse balance at baseline were
at higher risk of becoming cognitively impaired, and
this association was independent of potential demo-
graphic confounders (HR: 1.55, 95% CI: 1.24, 1.92)
(Supplemental Figure S2 (Supplementary data are available
in Age and Ageing online) and Table 4). The model
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Table 2. Cross-sectional association of standing balance and cognitive function at the seventh follow-up visit (1996–97) in
a population over 65 in the CHS

Cognitive function testa Difference in cognitive function scores

Model 1c (95% CI) Model 2d (95% CI) Model 3e (95% CI)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3MSEb

Balance 0 −5.19∗∗∗ (−6.19, −4.19) −4.82∗∗∗ (−5.84, −3.80) −4.57∗∗∗ (−5.73, −3.40)
Balance 1 −1.47∗∗∗ (−2.19, −0.76) −1.53∗∗∗ (−2.25, −0.81) −0.89∗ (−1.68, −0.10)
Balance 2 (reference) 0.00 0.00 0.00

<76 years old
Balance 0 −6.25∗∗∗ (−7.80, −4.69) −3.33∗∗∗ (−4.64, −2.01) −2.18∗ (−3.77, −0.59)
Balance 1 −0.87 (−2.04, 0.29) −2.33∗∗∗ (−3.23, −1.44) −1.57∗ (−2.59, −0.55)
Balance 2 (reference) 0.00 0.00 0.00

≥76 years old
Balance 0 −5.31∗∗∗ (−6.77, −3.86) −5.93∗∗∗ (−7.52, −4.33) −6.20∗∗∗ (−7.93, −4.47)
Balance 1 −1.21∗ (−2.25, −0.17) −1.46∗ (−2.82, −0.09) −0.48 (−1.70, 0.75)
Balance 2 (reference) 0.00 0.00 0.00

DSSTb

Balance 0 −5.43∗∗∗ (−6.82, −4.05) −4.91∗∗∗ (−6.33, −3.49) −4.23∗∗∗ (−5.96, −2.51)
Balance 1 −2.94∗∗∗ (−3.89, −1.99) −2.69∗∗∗ (−3.66, −1.72) −1.79∗ (−2.91, −0.67)
Balance 2 (reference) 0.00 0.00 0.00

Notes. The seventh follow-up visit was used for the cross-sectional analyses since additional balance measures were included at that year. The beta co-efficient is
the difference in cognitive function scores in people who failed tandem stance balance test compared to completed tandem stance test. Stratified due to interaction
P value < 0.05. aBalance scores: Zero participant who could not hold a full-tandem stance for >2 s, one participant held the tandem stance for 2–9 s and
two participants held the tandem stance for a completion of 10 s. b3MSE which is a cognitive assessment test, DSST which is also a cognitive assessment test.
c3MSE and DSST Model 1 were adjusted for age, race, gender and education. d3MSE and DSST Model 2 was additionally adjusted for active calories, smoking
status, BMI, weekly alcohol consumption, number of medication and previous activity level. e3MSE and DSST Model 3 was further adjusted by APOE-4,
diabetes, hypertension, eGFR, heart failure, heart disease, stroke, depression score and small and cortical MRI infarcts. ∗P value < 0.05. ∗∗P value < 0.01.
∗∗∗P value < 0.001.

additionally adjusted for disease and behaviour showed a
stronger association. There was no significant interaction
with age (P value = 0.42).

Sensitivity analyses that included walking speed as a co-
variate demonstrated similar results. After adjustment for
timed walk in the fully adjusted models, participants with
balance scores of 0 had an average of 4.34 (95% CI: −5.51,
−3.34) 3MSE points lower than participants with balance
scores of 2, and the annual decline was −0.72 (95% CI:
−0.92, −0.49) 3MSE scores. The second sensitivity analysis
removed 181 (4%) participants who used assisted devices
from the original study population. The cross-sectional
results were similar; participants with worse balance had
lower 3MSE scores (−4.68; 95% CI: −5.87, −3.50).
However, the longitudinal association was not significant
after this exclusion. Finally, results using age cut points of 75
and 80 years were similar to the results with the 76 years of
age cut point (data not shown).

Discussion

In this study of adults aged 65 and older participating in the
CHS, those with worse balance had lower cognitive function
scores and had a faster rate of decline than others with better
balance scores. For example, participants who failed a tan-
dem balance test had an estimated 4.4-point greater decline
in 3MSE scores over 6 years and had 1.7 times the risk of
becoming cognitively impaired compared with participants

who passed the tandem stance assessment. These results
were stronger in adults ≥76 years. As previous research has
described a five-point change in the 3MSE as a clinically
important decline, our results have high potential clinical
importance [27]. These findings highlight the importance of
physical performance as an early and robust risk factor for
cognitive decline, especially among adults aged ≥76 years.

Results from this study are supported by previous lit-
eratures that have found an association with balance and
cognitive function [7–9]. A study by Bullain et al . followed
578 dementia-free participants from the 90+ study for a
mean of 2.6 years of follow-up. This study, which exam-
ined the physical performance and the risk of dementia in
the 90 years and above population, found higher risk of
dementia-associated balance measures than with handgrips
and chair stands [10]. Finkel et al . examined the bivariate
relationship between motor skills, which included balance
and fine motor movements. Within a subset population of
813 twins aged 50–85 years who were followed for 19 years,
results suggested that the decline in some domains of cog-
nitive function is associated with the decline in physical
function, including balance [28]. Our study builds upon this
work by looking specifically at balance both cross-sectionally
and longitudinally in a large sample of older adults.

The vestibular system provides a physiological link
between standing balance and cognitive function. Balance
relies on signals and feedbacks from parts of the body,
including the brain through the vestibular system [11–
13]. Studies have examined association between cognitive
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Table 3. Longitudinal association of failed tandem stance
test with annual change in cognitive function over 6 years of
follow-up (1992/93–98/99) in the CHS

Cognitive function test Annual decline in cognitive function

Beta co-efficient (per
year)

95% CI

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3MSEa

Model 1b -0.88∗∗∗ (−1.06, −0.69)
Model 2c -0.88∗∗∗ (−1.07, −0.69)
Model 3d -0.74∗∗∗ (−0.97, −0.51)
<76 years old
Model 1b -0.25 (−0.50, 0.00)
Model 2c -0.24 (−0.50, 0.02)
Model 3d -0.06 (−0.36, 0.23)
≥76 years old
Model 1b -0.98∗∗ (−1.24, −0.71)
Model 2c -1.01∗∗∗ (−1.28, −0.73)
Model 3d -0.97∗∗∗ (−1.32,-0.63)
DSSTa

Model 1b -0.32∗∗∗ (−0.46, −0.19)
Model 2c -0.30∗∗∗ (−0.43, −0.16)
Model 3d -0.21∗ (−0.37, −0.05)

Note. Stratified due to interaction P value < 0.05. a3MSE, cognitive assessment
test; DSST, cognitive assessment test. b3MSE and DSST Model 1 were adjusted
for age, race, gender and education. c3MSE and DSST Model 2 was additionally
adjusted for active calories, smoking status, BMI, weekly alcohol consumption,
number of medication and previous activity level. d3MSE and DSST Model 3
were further adjusted by APOE-4, diabetes, hypertension, eGFR, heart failure,
heart disease, stroke, depression score and small and cortical MRI infarcts.
eBalance was based on completion or failure of holding a 5-s tandem stance
at Year 5. ∗P value < 0.05. ∗∗P value < 0.01. ∗∗∗P value < 0.001.

Table 4. Association between failed tandem stance test and
incident cognitive impairment (3MSE score < 80) over
6 years of follow-up (1992/93–98/99) in the CHS

Balancea HR for cognitive impairmentb 95% CI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Model 1c 1.55∗∗∗ (1.24, 1.92)
Model 2d 1.64∗∗∗ (1.31, 2.05)
Model 3e 1.72∗∗∗ (1.30, 2.29)

Note. HR, hazard ratio. aBalance is based on completion or failure of holding
a 5-s tandem stance at Year 5. In this model, completing the tandem stance
was the reference, so the HR values above represent failed tandem stance
cognitive function scores compared to completed tandem stance. bCognitive
Impairment considered individuals with 3MSE scores less than 80 for two
consecutive years or a score below 80 with a consecutive missing score
from Year 5 to Year 11 of the study. cModel 1 was adjusted for age, race,
gender and education. dModel 2 was additionally adjusted for active calories,
smoking status, BMI, weekly alcohol consumption, number of medication
and previous activity level. eModel 3 was further adjusted by APOE-4,
diabetes, hypertension, eGFR, heart failure, heart disease, stroke, depression
score and small and cortical MRI infarcts. ∗P value < 0.05. ∗∗P value <

0.01. ∗∗∗P value < 0.001.

impairment and vestibular decline as well as vestibular
decline and balance. These studies have shown that vestibular
decline and dysfunction is associated with worse balance
and cognitive decline [29–31]. A better understanding of
common pathophysiology between balance and cognitive

function could inform interventions to preserve cognitive
function in old age.

Strengths of this study are the large sample size and the
established clinical measures which were used. The limita-
tions of the study include the moderate length of follow-up
time and the potential residual confounding unaccounted
for in the analysis. Another limitation includes the moderate
amount of missing values connected with the outcome vari-
ables and co-variates; however, we used maximum likelihood
to fit our multilevel models which can account for the data
that are missing at random. Furthermore, while results for
our age cut point at the median and at 75 and 80 years were
similar, the relationship of age and cognitive decline based on
balance performance may be more nuanced than our results
indicate.

In addition to enhancing our understanding of the shared
mechanism between balance and cognition, balance could be
a useful screening tool to predict future cognitive decline in
older individuals. Tandem stance is an easy low-cost test that
can be used to identify at-risk individuals, which could allow
for the early detection of cognitive decline. Future research
should continue to explore the relationship between balance
and sensory health with cognitive function in an older
population and should evaluate the predictive performance
of balance and a variety of physical performance measures as
early markers of cognitive decline.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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