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Purpose: To investigate whether separate physical tests of the lower extremities, that assess 

movement speed and postural control, were associated with cognitive impairment in older 

community-dwelling subjects.

Subjects and methods: In this population-based, cross-sectional, cohort study, the following 

items were assessed: walking speed, walking 2 × 15 m, Timed Up and Go (TUG) at self-selected 

and fast speeds, one-leg standing, and performance in step- and five chair-stand tests. The study 

comprised 2115 subjects, aged 60–93 years, with values adjusted for demographics, health-

related factors, and comorbidity. Global cognitive function was assessed using the Mini-Mental 

State Examination (MMSE), and cognitive impairment was defined by the three-word delayed 

recall task of the MMSE. Subjects who scored 0/3 on the three-word delayed recall task were 

defined as cases (n = 328), those who scored 1/3 were defined as intermediates (n = 457), and 

the others as controls (n = 1330).

Results: Physical tests performed rapidly were significantly associated with cognitive 

impairment; this was the case in increased time of five chair stands (P = 0.009, odds ratio 

[OR] = 1.03), TUG (P , 0.001, OR = 1.11) and walking 2 × 15 m (P , 0.001, OR = 1.05). 

Inability to stand on one leg for 10 seconds was associated with increased risk of being a case 

(P , 0.001, OR = 1.78), compared to those able to stand for 30 seconds or longer. More steps 

during the step test (P , 0.001, OR = 0.95) and higher fast walking speed (P , 0.001, OR = 0.51) 

were associated with lower risk of being a case.

Conclusion: Slower movements and reduced postural control were related to an increased risk 

of being cognitively impaired. All tests that were performed rapidly were able to separate cases 

from controls. These findings suggest that physical tests that are related to lower extremity and 

postural control, emphasizing velocity, might be useful in investigating relationships between 

physical and cognitive function; furthermore, they can be used to complement cognitive impair-

ment diagnoses.
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Introduction
Impaired motor function and motor slowing have been found in individuals with 

mild cognitive impairment, and the degree of impairment in lower extremity func-

tion is related to risk of Alzheimer’s disease (AD).1 Gait and cognitive function are 

closely related, both in normal aging and in age-associated dementias.2 Slower walk-

ing speed is associated with, and predictive of, cognitive decline in cross-sectional3 

and longitudinal studies.4–6 However, some studies have shown contradicting results 
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and limited generalization due to several factors, such as small 

study sample, few individuals above 80 years of age,7–9 study 

sampling from outpatient clinics7 or clinical trials,3 and selec-

tion bias involving selection of best performers.4 In addition, 

exclusion of potential confounders such as disease condition 

and life habits7–9 have been found, as well as lack of control-

ling for confounders.6–9

Physical performance tests performed at high speed 

may require additional physiological reserves and impose 

higher demands on overall balance and attention control.3 

Some studies1,6,10 have only used tests at self-selected speeds, 

whereas walking at a fast speed, for example, has been found 

to be a more sensitive measure in differentiating levels of 

cognition.3 Different test methodologies and results, based 

on continuous, categorical, or composite measures, as well 

as the use of different rating systems, limit comparability.

Impaired memory is an early indicator of cognitive 

impairment.11–13 Poor performance on delayed recall, as 

a marker of memory impairment,14 and tests of executive 

function, are associated with a high risk of progression to 

dementia.13,15,16 The Mini-Mental State Examination (MMSE), 

which addresses multiple cognitive domains, is widely used to 

detect cognitive impairment.17 To our knowledge, no previous 

study has described the association of cognitive impairment, 

assessed by the three-word delayed recall task of the MMSE, 

with separate physical tests. To increase generalization, this 

was analyzed in a large study sample from an elderly general 

population, controlling for known confounders. The aim was 

to investigate whether separate physical tests of the lower 

extremities, which assess movement speed and postural 

control, were associated with cognitive impairment in elderly 

community-dwelling subjects.

Materials and methods
Study population
This investigation is part of an ongoing Swedish population 

study, “Good Aging in Skåne” (GÅS), which, in turn, is 

one of four components of the Swedish National Study on 

Aging and Care (SNAC).18 The GÅS study includes men 

and women from nine age cohorts – 60, 66, 72, 78, 81, 84, 

87, 90, and 93 years of age – randomized from five munici-

palities and covering both urban and rural areas using the 

National Municipality Registry. The GÅS study population 

was recruited between February 2001 and July 2004. Of the 

4893 eligible subjects invited by letter to participate in the 

study, 2931 accepted the invitation (participation rate 60%). 

Subjects were investigated at the medical research center or, 

if that was inconvenient, in their own homes.

The exclusion criteria were dementia and stroke,19,20 based 

on clinical examination, medical history, or information 

found in the National Diagnosis Register (which includes 

diagnoses for all inpatient cases in Swedish hospitals since 

1987), and impaired global cognitive function, defined as 

a score below 24 on the MMSE.17,20,21 Further exclusion 

criteria were depressive mood,19,20 defined as a mean score 

above 20 on the Montgomery–Asberg Depression Rating 

Scale (MADRS),22 and medication with neuroleptics.23 

Based on these criteria, 761  subjects were excluded, and 

an additional 55 subjects were excluded due to not having 

performed the walking test at a self-selected walking speed 

or the step test.

The total study population, thus, consisted of 2115 

subjects – 974 men (46.1%) and 1141 women (53.9%), who 

were divided into three groups: 328 cases, 457 subjects in 

an intermediate group, and 1330 controls, according to the 

neuropsychological assessment by the MMSE. The 328 

cases consisted of subjects who scored 0 out of 3 (0/3) 

on the three-word delayed-recall item of the MMSE. The 

intermediate group was made up of those who could recall 

one out of three words (1/3), and the 1330 controls scored 

2/3 and 3/3.

The majority of subjects, 2060 (97.4%), were examined at 

the research center, and 55 (2.6%) were examined in their own 

homes. Subjects examined at home were older (P , 0.001), 

and the proportion of women was higher than that of men – 

67% versus 33% (P = 0.010).

Data collection
Data were collected from medical history, clinical examina-

tion, neuropsychological evaluation, assessments of physical 

performance, and self-administered questionnaires regarding 

sociodemographic and health-related factors, ambulation, 

activities of daily living (ADL), and comorbidity.

Measurements of global cognitive 
function and memory
The MMSE21 was part of the neuropsychological evaluation. 

MMSE scores range from 0 to 30 points, with a score below 

24  indicating impaired global cognitive function.17 The 

three-word delayed recall subtest of the MMSE, a brief 

measure of memory function,24 was used to define the 

degree of cognitive impairment. The subscores of this test 

have shown better validity to assess episodic memory than 

the total MMSE score.14 This subtest assesses the domain of 

episodic memory;14,25 its scores range from 0 to 3, reflecting 

the number of words correctly recalled. In the present study, 
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the words “key,” “toothbrush,” and “lamp” were used, and the 

subjects were informed that they would be asked to recall the 

words later. A score of 0 was used to define the case group 

with cognitive impairment.

Measurement of depressive illness
Depressive illness was assessed using the Montgomery–

Asberg Depression Rating Scale,22 a subscale of the 

Comprehensive Psychiatric Rating Scale.26 Nine questions 

and one observational item cover the symptoms of the 

DSM-IV criteria27 for depressive disorder. Symptoms and 

signs were rated on a scale ranging from 0 to 6 points, with 

a maximum score of 60. A mean score of 20 or less was 

defined as no severe depressive illness.28

Measurement of physical function
Timed Up and Go
The Timed Up and Go (TUG) test measures the time (in 

seconds) it takes to rise from a chair, walk 3 m, turn, walk 

back, and sit down again.29 A chair with armrests and a seat 

height of 45 cm were used, and the time from leaving the seat 

until seated again was measured. The subjects were allowed 

to rise using their preferred method. High test–retest30 and 

intra- and inter-rater reliability29 have been demonstrated 

for this test in older people, and the results show correlation 

with the Berg Balance Scale (r = -0.81) and self-selected 

walking speed (r = -0.61).29

Walking 15 m and 2 × 15 m, including a 180° turn
From a 2 m flying start, the subjects were instructed to walk 

15 m, turn at a marker, and return to and pass the starting point 

before stopping. The time was recorded for the first 15 m and 

2 × 15 m for both self-selected and fast speeds. The walking 

speed (WS) was calculated (m/s), using the time for the first 

15 m. Measures of WS at both self-selected and high speeds 

have been found to be highly reliable (intraclass correlation 

[ICC]  $  0.903) and significantly correlated with muscle 

strength in the lower extremities.31 The 2 × 15 m walking test 

is a more complex test, which includes both a longer walk-

ing distance and a provocation of balance. The reliability of 

the 2 × 15 m walking test at both speeds has been shown to 

be very high in elderly women (ICC 0.95–0.98). The results 

also correlated with balance tests, such as one-leg standing 

(OLS) and tandem stance (r = 0.39–0.64).32

Step test
Subjects were placed in front of a block 7.5 cm high, positioned 

stably against a wall. The subjects stood, with feet parallel, 

at a marked distance of 5  cm from the block. They were 

asked to place one foot entirely on the block and then return 

it to the floor, repeatedly, as quickly as possible. Subjects 

were unsupported, but the examiner stood close by for safety. 

The total number of steps completed during 15 seconds was 

recorded, first for the right and then for the left leg.33 The best 

value from two tests of each leg was used in the analysis. 

The test has been shown to be reliable (ICC . 0.90) and to 

correlate with self-selected walking speed.33

Chair stands
Subjects were asked to rise from a chair, five times, as 

quickly as possible, with their arms folded and their hands 

on their shoulders. The chair had no armrests, and the height 

of the seat was 45 cm. Subjects were instructed to stand up 

completely between repetitions. Before the test, the subjects 

were asked to rise without using their hands, to ensure that 

the procedure was safe. The test was performed once, and the 

time required to complete five stands was recorded. High reli-

ability coefficients have been reported (r = 0.80; ICC = 0.89, 

95% confidence interval [CI] = 0.79, 0.95).34,35 Performance 

is associated with muscle strength and balance, as well as 

sensorimotor and psychological factors.36

One-leg standing – eyes open
With their eyes open and their arms loosely hanging, the 

subjects were asked to stand first on the right leg and then 

on the left leg, for as long as possible. The raised leg was 

flexed at the knee joint, with the foot well off the floor. 

Timing began when the subject lifted the foot. For safety, 

the examiner stood close to the subject throughout the tests. 

The clock was stopped when the subject touched the floor 

with the raised foot, changed the position of the supporting 

foot, or after 60 seconds had elapsed. Subjects were barefoot 

during the test, and a trial was carried out before testing. 

The best result of two tests was used in the analysis. 

Performance was categorized into four categories: 

,10 seconds, ,20 seconds, ,30 seconds, and $30 seconds. 

The reliability has been shown to be moderate (r = 0.69),34 to 

high (ICC = 0.93–0.99)37 in middle-aged and older people.

Procedures of measurements  
of physical function
Each subject was given verbal instructions and a demonstra-

tion of each test. Each subject was tested on a single occasion, 

and the tests were carried out in the following order: OLS, 

step test, chair stands, TUG, and walking 2 × 15 m. Subjects 

wore their ordinary shoes, except in the OLS test. A standard 
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digital stopwatch was used. For the TUG and walking test at 

self-selected speed, the instructions were to walk at a normal, 

comfortable speed; for fast speed, the instructions were to 

walk as fast as possible without running. The walking test was 

performed in a hospital corridor; this test was not carried out in 

the participants’ homes. The subjects were allowed to rest for 

approximately 2 minutes between each test. The TUG test and 

walking 2 × 15 m, including a 180° turn, were performed first 

at the self-selected speed and then at maximal (fast) walking 

speed. Subjects who performed the TUG and walking tests 

with walking aids were not included in the analysis.

Covariates
Sociodemographic data included age, sex, marital sta-

tus, place of residence, and education. Functional status 

included data on walking ability, personal activities of daily 

living (P-ADL), and instrumental activities of daily living 

(I-ADL).38 P-ADL included bathing, dressing, toileting, ris-

ing from bed/chair, continence, and feeding, while I-ADL 

included cleaning, shopping, transportation, and cooking. 

Detailed descriptive data are provided in Tables 1 and 2.

Health status included smoking and drinking habits and 

physical activity during the past year (Table 2). Comorbidity 

was based on questions regarding specific diseases, medical 

history, medication, clinical examination, and questionnaires. 

Comorbidity was classified according to the International 

Classifications of Diseases and Related Health problems, and 

congestive heart failure was classified according to the New 

York Heart Association criteria39 (Table 2). Physiological mea-

sures included anemia, defined by the Department of Clinical 

Chemistry, Malmö University Hospital as ,117 g/dL hemoglo-

bin (Hb) for women and ,134 g/dL Hb for men, and body mass 

index, computed as weight in kilograms divided by the square 

of height in meters (Table 2). Data on sociodemographics, 

health-related factors, and functional status were self-reported. 

Medical assessment was performed by a physician, and cogni-

tive function was assessed by a specially trained behaviorist 

in psychology. Assessment of pain and physical performance 

tests were conducted by trained, registered nurses. All subjects 

were asked if they experienced pain in their back or in any joints 

of the lower extremities during rising, standing, walking, and 

climbing stairs. Pain was dichotomized into yes/no. Joint pain 

in the legs was not differentiated according to joint.

Statistical analysis
Differences between the three groups were assessed with a 

Chi-square test and regression analysis. Comparisons were 

made between groups for the variables listed in Table  2. 

Table 1 Characteristics of the participants (n = 2115)

Cases  
n = 328

Intermediates  
n = 457

Controls  
n = 1330

Age, mean ± SD 75.8 ± 10.2 71.8 ± 9.5 69.0 ± 9.1
Male/female (%) (50.9/49.1) (50.1/49.9) (43.5/56.5)
Age groups, n (%)
Males
60–69 years 64 (38.3) 129 (56.3) 398 (68.9)
70–79 years 46 (27.5) 51 (22.3) 92 (15.9)
$80 years 57 (34.1) 49 (21.4) 88 (15.2)
Females
60–69 years 45 (28.0) 86 (37.7) 456 (60.6)
70–79 years 33 (20.5) 75 (32.9) 130 (17.3)
$80 years 83 (51.6) 67 (29.4) 166 (22.1)
Marital status, n (%)
Married/cohabiting 155 (47.8) 269 (59.5) 810 (61.2)
Widow/widower 107 (33.0) 92 (20.4) 225 (17.0)
Divorced/not cohabiting 41 (12.7) 66 (14.6) 197 (14.9)
Unmarried 21 (6.5) 25 (5.5) 91 (6.9)
Place of residence, n (%)
Rural 30 (9.3) 44 (9.8) 132 (10.0)
Urban 294 (90.7) 407 (90.2) 1190 (90.0)
Walking ability, n (%)
Independent walking 271 (82.6) 414 (90.6) 1229 (92.4)
Dependent on walking  
aids/wheelchair

57 (17.4) 43 (9.4) 101 (7.6)

P-ADL, n (%)
Dependent in  
#1 activity

310 (98.7) 438 (99.1) 1304 (99.7)

I-ADL, n (%)
Dependent in  
#1 activity

293 (92.7) 410 (94.0) 1239 (95.6)

Abbreviations: SD, standard deviation; P-ADL, personal activities of daily living; 
I-ADL, instrumental activities of daily living.

Confounders with a P-value below 0.05, listed in Table 2, 

were adjusted for in the model. The association between 

cognitive impairment, categorized into three groups, as the 

dependent variable, and the results of physical performance 

tests, as independent variables, was tested using an ordinal 

regression model. A separate regression model was com-

puted for each test, including adjustment for confounders. 

To reduce the effect of skewed distribution of the results of 

the OLS test, the data were categorized into time categories 

used by others to assess balance.40–42

Table 3 presents descriptive data from the performance 

of physical tests for cases, intermediates, and controls, strati-

fied according to age. No further stratification was made, 

due to the limited numbers in each group. For the physical 

performance tests significantly related to the grouping vari-

able in the ordinal regression models, additional analysis 

was performed to study the extent of the association between 

them and cognitive impairment. A general linear model was 

employed, using each test as the dependent variable and 
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cognitive impairment, categorized into the three groups, as 

the independent variable. A contrast test was performed to 

assess the difference between intermediates and controls. 

Each model was adjusted for the same confounders men-

tioned above.

All calculations were performed using SPSS software 

Windows (v 18.0 IBM Corporation, Armonk, NY). The level 

of significance was set to less than 0.05.

Ethics
The study was approved by the Regional Ethical Review 

Board, Lund University (LU 744-00). All participants gave 

written consent.

Results
The age (P , 0.001) and sex (P = 0 .008) distributions dif-

fered significantly among the three groups. Cases were older 

than both of the other groups, and the proportion of women 

was higher in the control group (Table 1). A higher propor-

tion of individuals in the control and intermediate groups 

were married/cohabiting than in the case group. There were 

more widows/widowers in the case group than in the two 

other groups. Regarding walking ability, more dependence 

on walking aids was found among the cases than in the other 

two groups. No differences were found among the groups 

regarding place of residence and ADL (Table  1). Total 

independence in P-ADL was noted in 73.9% of the cases, 

Table 2 Comparisons of the covariates education, health indicators, and comorbidity between cases, intermediates, and controls (n = 2115)

Cases  
n = 328

Intermediates  
n = 457

Controls  
n = 1330

P

Education ,0.001
Elementary school not completed 6 (1.9) 20 (4.4) 27 (2.0) –
Elementary school completed 190 (58.6) 246 (54.5) 586 (44.4) –
Secondary school completed 80 (24.7) 119 (26.4) 401 (30.4) –
$1 year extra study or university with/without degree 48 (14.8) 66 (14.6) 307 (23.2) –
Smoking habits ns
Current smoker 44 (13.6) 82 (18.2) 245 (18.5) –
Stopped smoking 121 (37.3) 165 (36.7) 532 (40.2) –
Never smoked 159 (49.1) 203 (45.1) 546 (41.3) –
Drinking habits ,0.001
No alcohol/drank alcohol a few times during the past year  
but not during the past month

126 (39.1) 165 (36.9) 358 (27.2) –

Drank alcohol during the past month 196 (60.9) 282 (63.1) 960 (72.8) –
Physical activity during the past year 0.001
Hardly any, mostly sedentary 67 (20.7) 89 (19.8) 184 (13.9) –
Light activity (2–4 hours/week) 168 (52.0) 217 (48.2) 652 (49.4) –
Strenuous activity (1–2 hours several times per week) 88 (27.2) 144 (32.0) 483 (36.6) –
Comorbidity
Pulmonary disease (asthma, chronic bronchitis, emphysema) 44 (13.5) 57 (12.5) 142 (10.7) ns
Coronary heart disease (myocardial infarction, angina) 58 (17.7) 89 (19.5) 171 (12.9) 0.001
Diabetes 25 (7.6) 28 (6.1) 82 (6.2) ns
Rheumatoid arthritis 22 (6.8) 19 (4.2) 62 (4.7) ns
Neurological disease 1 (0.3) 9 (2.0) 22 (1.7) ns
Osteoarthritis of knee/hip 76 (23.2) 88 (19.3) 215 (16.2) 0.009
Fractures of lower extremities 32 (9.8) 46 (10.1) 100 (7.5) ns
Congestive heart failure with symptoms 34 (10.7) 39 (8.8) 51 (3.9) ,0.001
Anemia 32 (9.8) 35 (7.7) 63 (4.7) 0.001
BMI ns
Normal weight, BMI # 24.99 112 (34.5) 158 (34.8) 473 (35.6) –
Overweight, BMI 25.0–29.99 144 (44.3) 197 (43.4) 598 (45.1) –
Obese, BMI $ 30.0 69 (21.2) 99 (21.8) 256 (19.3) –
Pain
Back 101 (30.8) 121 (26.5) 374 (28.1) ns
Right leg 103 (31.4) 150 (32.8) 429 (32.3) ns
Left leg 107 (32.6) 135 (29.5) 394 (29.6) ns
Medication
Use of sedatives 47 (14.3) 59 (12.9) 184 (13.8) ns

Note: The values given are numbers of subjects, with percentages in parentheses.
Abbreviations: P, probability; BMI, body mass index; ns, not significant.
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78.7% in the intermediate group, and 80.4% of the controls. 

The corresponding values for I-ADL were 82.3%, 81.4%, 

and 86.8%, respectively.

Cases were not able to increase their walking speed from 

self-selected to fast speed as much as the controls and intermedi-

ates were. Subjects 60–69 years old were faster and performed 

better than those in the older age groups. However, differences 

in mean values for the three groups, stratified according to age, 

were small (Table 3). In the adjusted model, the association 

between cognitive impairment and the results of the physical 

performance tests was significant for the five tests performed 

at fast speed. The corresponding analysis for tests performed 

at self-selected speed showed no significant associations 

(Table 4). An increase in the time required to perform five 

repeated chair stands, the TUG test, and walking 2 × 15 m at fast 

speed was associated with being a case and, thus, with increased 

risk of being cognitively impaired. A greater number of steps 

during the step test and a higher WS at the higher speed were 

associated with decreased risk of being a case (Table 4).

All physical tests analyzed with a general linear model 

adjusted for confounders showed significant differences 

between cases and controls (Table 5). The performance of 

the TUG test at fast speed also differed between cases and 

intermediates (Table 5). The results of the step test (both left 

Table 3 Results of the physical performance tests for cases, intermediates, and controls stratified according to age

Cases Intermediates Controls

n mean ± SD n mean ± SD n mean ± SD

Step test, right leg (n)
60–69 109 17.3 ± 5.21 214 17.3 ± 4.08 845 18.2 ± 4.37
70–79 74 13.8 ± 3.63 123 14.8 ± 4.28 219 15.8 ± 4.12
$80 121 12.4 ± 3.94 107 12.4 ± 3.74 236 13.0 ± 4.07
Step test, left leg (n)
60–69 109 17.6 ± 5.20 212 17.3 ± 3.93 841 18.2 ± 4.20
70–79 75 13.8 ± 3.54 123 14.8 ± 4.16 218 15.8 ± 3.91
$80 122 12.0 ± 3.65 106 12.5 ± 3.76 235 12.7 ± 3.96
Chair stands (s)
60–69 108 10.8 ± 5.04 214 10.4 ± 3.49 837 10.1 ± 2.81
70–79 72 12.7 ± 3.69 116 12.4 ± 3.74 218 11.2 ± 3.04
$80 115 14.6 ± 5.70 100 14.0 ± 4.99 222 14.2 ± 5.47
TUG self-selected speeda (s)
60–69 109 8.9 ± 1.65 215 9.0 ± 1.92 849 8.8 ± 1.67
70–79 75 11.1 ± 2.35 123 10.7 ± 2.60 221 10.0 ± 2.14
$80 120 13.1 ± 4.01 104 12.2 ± 3.42 223 12.7 ± 3.75
TUG fast speeda (s)
60–69 109 6.9 ± 1.44 215 6.8 ± 1.32 849 6.6 ± 1.27
70–79 75 8.3 ± 1.61 122 8.2 ± 1.76 220 7.7 ± 1.66
$80 120 10.5 ± 3.78 104 9.4 ± 2.47 224 9.6 ± 2.51
Self-selected WSa (m/s)
60–69 109 1.5 ± 0.26 214 1.5 ± 0.21 846 1.5 ± 0.21
70–79 73 1.3 ± 0.20 120 1.3 ± 0.19 220 1.3 ± 0.21
$80 105 1.1 ± 0.19 92 1.2 ± 0.18 186 1.1 ± 0.20
Fast WSa (m/s)
60–69 109 1.8 ± 0.34 214 1.8 ± 0.30 844 1.9 ± 0.30
70–79 73 1.5 ± 0.25 119 1.6 ± 0.26 219 1.6 ± 0.31
$80 105 1.4 ± 0.26 92 1.4 ± 0.27 186 1.4 ± 0.26
Time 2 × 15 m, self-selected speeda (s)
60–69 109 22.2 ± 4.19 214 22.2 ± 3.42 847 22.1 ± 3.48
70–79 73 25.9 ± 4.07 120 25.7 ± 3.98 219 24.8 ± 4.65
$80 104 28.8 ± 4.82 90 27.9 ± 4.46 186 28.7 ± 6.00
Time 2 × 15 m, fast speeda (s)
60–69 109 18.2 ± 3.80 214 18.2 ± 4.86 845 17.6 ± 3.23
70–79 73 21.6 ± 4.20 119 21.1 ± 3.69 219 20.1 ± 3.68
$80 104 24.5 ± 5.59 92 23.3 ± 4.59 186 23.4 ± 4.40

Note: aOnly the results from subjects not needing walking aids to perform the test were included in the analysis.
Abbreviations: SD, standard deviation; TUG, Timed Up and Go; WS, walking speed.
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and right legs), WS, and walking 2 × 15 m at the higher 

speed were also significantly different between the controls 

and intermediates. The test that showed a tendency to dif-

ferentiate among all three groups was walking 2 × 15 m at 

higher speed (Table 5). OLS was more impaired in cases 

and intermediates, who showed poorer performance in the 

OLS test than did the controls (Table 4). An inability to stand 

on one leg for 10 seconds was associated with increased 

risk of being a case, compared to those able to stand for 

30 seconds or longer.

Table 4 Multiple ordinal regression of cognitive impairment, with controls, intermediates, and cases as the dependent variable, and 
separate physical performance testsa, adjusted for confounders

Physical performance testb n Estimate P OR 95% CI

Step test, right leg (n) 1970 -0.049 ,0.001 0.95 0.93–0.98
Step test, left leg (n) 1964 -0.046 ,0.001 0.96 0.93–0.98
Chair stands (s) 1931 0.033 0.009 1.03 1.01–1.06
TUG self-selected speedc (s) 1960 0.024 0.216 1.02 0.99–1.06
TUG fast speedc (s) 1958 0.102 ,0.001 1.11 1.05–1.17
Self-selected WSc (m/s) 1891 -0.204 0.416 0.82 0.50–1.33
Fast WSc (m/s) 1887 -0.678 ,0.001 0.51 0.35–0.73

Time, 2 × 15 m, self-selected speedc (s) 1888 0.006 0.621 1.01 0.98–1.03

Time, 2 × 15 m, fast speedc (s) 1887 0.051 ,0.001 1.05 1.03–1.08

OLS ,10s, right leg 1877 0.376 0.006 1.46 1.11–1.91

OLS ,20s, right leg – 0.487 0.002 1.63 1.20–2.21

OLS ,30s, right leg – 0.192 0.321 1.21 0.83–1.77

OLS ,10s, left leg 1874 0.578 ,0.001 1.78 1.34–2.37

OLS ,20s, left leg – 0.295 0.060 1.34 0.99–1.82

OLS ,30s, left leg – 0.409 0.031 1.51 1.04–2.19

Notes: aMultiple ordinal regression with controls, intermediates, and cases (highest category) as dependent variable; badjusted for age, sex, education, drinking habits, physical 
activity during the past year, anemia, coronary heart disease, congestive heart failure with symptoms, and osteoarthritis of the hip/knee; conly the results from subjects not 
needing walking aids to perform the test were included in the analysis.
Abbreviations: P, probability; OR, odds ratio; CI, 95% confidence interval; TUG, Timed Up and Go; WS, walking speed; OLS, one-leg standing, eyes open.

Table 5 An adjusted general linear modelb between separate performance tests and cognitive impairment for cases, controls, and 
intermediates

Physical performance testa Controls/intermediates vs cases Intermediates vs controls

B P 95% CI Pd 
95% CI

Step test, right leg (n)
Controls 0.794 0.002 0.28–1.31 0.006 

-1.05 to -0.18Intermediates 0.183 0.541 -0.40–0.77
Step test, left leg (n)
Controls 0.721 0.005 0.22–1.22 0.023 

-0.92 to -0.07Intermediates 0.228 0.433 -0.34–0.80
Chair stands (s)
Controls -0.614 0.013 -1.10 to -0.13 0.195 

-0.14–0.68Intermediates -0.344 0.222 -0.90–0.21
TUG fast speedc (s)
Controls -0.454 ,0.001 -0.67 to -0.24 0.360 

-0.10–0.27Intermediates -0.367 0.004 -0.62 to -0.12
Fast WSc (m/s)
Controls 0.055 0.002 0.02–0.09 0.036 

-0.06 to -0.00Intermediates 0.023 0.266 -0.02–0.06
Time, 2 × 15 m, fast speedc (s)
Controls -0.931 ,0.001 -1.41 to -0.45 0.047 

0.01–0.82Intermediates -0.519 0.063 -1.07–0.03

Notes: aAdjusted for age, sex, education, drinking habits, physical activity during the past year, anemia, coronary heart disease, congestive heart failure with symptoms, and 
osteoarthritis of the hip/knee; bthe case group was the reference; conly the results from subjects not needing walking aids to perform the test were included in the analysis.
Abbreviations: B, estimate; P, probability; Pd, P-value for comparison between intermediates and controls; OR, odds ratio; CI, 95% confidence interval; TUG, timed up and 
go; WS, walking speed; OLS, one-leg standing, eyes open.
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The proportion of low achievers (,10 seconds) among 

cases was, for right/left leg, 50%/51%, compared with 

28%/26% among the controls (P  ,  0.001). The corre-

sponding proportions for high achievers ($30 seconds), for 

right/left leg, were 28%/27% and 53%/53%, respectively 

(P , 0.001).

Discussion
In this cross-sectional, population-based study, we found 

a significant association between cognitive impairment 

and measures of physical performance targeting the lower 

extremities, speed of movement, coordination, and postural 

control. In the adjusted model, the results of physical per-

formance tests performed at high speed and the OLS test 

were significantly associated with cognitive impairment. The 

results of this study showed that separate, objective, perfor-

mance-based measures related to lower extremity function 

and postural control, which emphasize speed and challenge 

physical capacity, are useful in investigating the relationships 

between physical and cognitive function. This is in agree-

ment with studies made by such authors as Tabbarah et al,4 

Wang et al,43 Aggarwal et al,1 Fitzpatrick et al,3 Eggermont 

et al,10 and Bottiggi and Harrison.44 However, comparisons 

with the results of previous research may be difficult, due to 

differences in study design and test methodology.

We found that slower speed in the fast-walking condi-

tion was associated with cognitive impairment, in agreement 

with previous studies.3–5,45 Poor performance in fast WS was 

found to be more predictive of significant cognitive decline 

over a 3-year follow-up than performance in self-selected 

WS.5 Tabbarah et al4 reported that fast WS was related to 

baseline cognition, and that subjects with poorer baseline 

cognition were more likely to experience a decline in fast WS. 

Fitzpatrick et al3 found that the risk of low cognition was 

almost twice as great in slow walkers than in fast walkers 

when measuring fast WS. Others have found self-selected 

WS to be associated with cognitive impairment.6,46–48 In our 

study we found no such association, which may be due to 

our study design. The subjects were provided with several 

meters to accelerate and decelerate before and after the test, 

as well as a long walking distance, which are methods that 

have been recommended to achieve a steady state of walking 

in the frail elderly.49 In our study, a longer time to perform the 

walking 2 × 15 m test was related to increased risk of being 

cognitively impaired, but only at the higher walking speed. 

The ability to turn is related to cognitive impairment,4 and 

it was included in this test. The requirements of high speed 

during walking, the long distance, and the 180° turn may have 

challenged level of fitness, endurance, and postural control. 

Correlations have been found between the results of this test 

and several balance measures.32

Walking has generally been viewed as a largely automated 

motor task that requires minimal higher-level cognitive input. 

This view may be too simplistic and, in fact, walking may be 

a complex motor task that demands attention and is related 

to higher cognitive functions, such as executive function.50–53 

Gait parameters have been found to be associated with a 

decline in specific cognitive domains.45,47,50 Hausdorff el al50 

found higher self-selected walking speed to be associated 

with good performance in executive function, but not with 

memory or cognitive function in general in community-

dwelling subjects. In their prospective study, Verghese et al47 

found that declines in memory and executive function were 

associated with gait velocity. Soumaré et al45 found a slower 

fast WS at baseline, as well as the degree of decline in fast 

WS, to be associated with poorer performance in cognitive 

tests of verbal fluency and psychomotor speed.

The TUG test is a test of basic functional mobility, and 

its performance has been found to be correlated with balance, 

gait speed, and functionality.29,54 The standard procedure 

adopted in the test is to walk at a self-selected speed; how-

ever, in our study, the subjects were also asked to walk as 

fast as possible without running. TUG test performance at 

self-selected speed was found to be significantly different 

between controls and subjects with AD, but not between 

controls and subjects with mild cognitive impairment.10 We 

found TUG time to be associated with cognitive impairment 

at the higher speed, but not at the self-selected walking speed, 

which is in agreement with the findings of others who urged 

their subjects to perform the test at a higher speed.55 A longer 

time on the TUG test, performed at fast speed, has also been 

associated with lower executive function.53

The chair stand test has been regarded as an indicator of 

lower limb strength in older people; however, performance 

is also influenced by other physiological and psychological 

factors related to balance and mobility.36 The test procedure 

used may vary in the following factors: starting the timing; 

whether the timing ceases after completing the fifth stand 

or upon returning to a seated position after the last stand; 

whether support of the arms is allowed; and whether speed of 

performing the task is stipulated or not.56 We used the proce-

dure proposed by Bohannon,56 timing five completed stands, 

with the emphasis on fast performance and performing the 

test without support of the upper limbs. We found this test to 

be associated with cognitive impairment, in agreement with 

earlier studies,4,48 while others have not.43,57
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Performance-based measures of balance have been 

described as attention-demanding physical tasks.4 The step test 

measures the speed of stepping movements during a dynamic 

standing task.33 It is a complex test that challenges both sta-

bility and dynamic postural control. The test is performed at 

high speed, and it includes alternating movement patterns. To 

perform the task quickly, the subject must actively stop and 

reverse the direction of the moving leg, which places high 

demands on stability, limb coordination, and coordinated 

muscle activity in different muscle groups. Apart from demands 

on coordination of motor and postural control, the task also 

requires attention, planning, timing of movement sequences, 

and self-monitoring of motor behavior, which reflect executive 

function.52,58 We found an increase in the number of steps, ie, 

high movement speed, indicating good postural stability, to 

be associated with a lower risk of being cognitively impaired. 

Previous research has shown that slowing of rapid, alternating 

movements is associated with cognitive impairment;59 how-

ever, to the best of our knowledge, no one has studied how 

the step test is associated with cognition.

Using a composite measure score of balance, Wang et al43 

found better balance to be associated with a lower risk of 

dementia, and the presence of poor balance to predict future 

cognitive decline in healthy older adults. We found poor 

performance of the OLS test to be related to an increased 

risk of being cognitively impaired, as have others.4,42 About 

half of our cases were not capable of balancing on one leg 

for 10 seconds and, compared to the controls, a considerably 

lower proportion was able to stand on one leg for $30 seconds. 

When using the ability to stand on one leg for up to 10 seconds 

as a time limit, Tabbarah et al4 found low OLS time to be 

related to a decline in cognitive performance.

The three-word recall task of the MMSE has been found to 

be a good and valid measure of memory impairment to assess 

the domain of episodic memory, one of the earliest domains 

to decline in the course of cognitive impairment and incident 

dementia.14 The use of the subtest scores of the three-word 

recall item together with the total scores of the MMSE may 

increase the sensitivity of the MMSE in screening for mild 

cognitive impairment.60 The methodology of the three-word 

recall has been discussed previously.59 The three-word recall 

item has been shown to be sensitive to memory decline in 

older adults.24 However, variability in this test has been found 

among healthy elderly subjects as well,61 which may have led 

to misclassification of some of our subjects and, thus, affected 

the results. To reduce the effect of variability, adjustments 

were made for age, and prompting was used, as suggested by 

Chandler et al.24 We categorized the scores of delayed recall 

into three groups, to study whether physical performance tests 

were able to differentiate cases from controls and intermediates. 

It was found that all the physical tests performed at high speed 

were able to separate cases from controls. WS, walking 

2 × 15 m, and the step test also differentiated controls from 

intermediates. However, the lack of differentiation between 

cases and intermediates may indicate some degree of misclas-

sification, or that moderate cognitive impairment also is related 

to physical performance. Our data indicate, from a clinical 

point of view, that tests of physical function that are performed 

at high speed, especially the step test and TUG, seem to be the 

most sensitive indicators of early memory decline.

Physical tests performed at higher speeds may challenge 

the overall balance control system, necessitating attention and 

conscious control. The motor tests chosen may seem simple, 

but they require complex motor skills and psychomotor 

coordination, as well as the ability to sustain attention dur-

ing a sequence of goal-directed movements. The anatomical 

network of motor control is interlinked with the network of 

higher-level cognitive processes, in particular executive func-

tions, which are necessary for the implementation of goal-

directed behavior.51 As mentioned previously, associations 

have been found between the results of physical performance 

tests and executive function.

The strengths of the present study are that it is a 

population-based cohort study, involving a large number of 

old to very old community-dwelling people without clinical 

dementia. Examinations were conducted both at the research 

center and at the subjects’ homes, in order to reduce the 

effect of selection bias of the frailest individuals. Established, 

separate standardized tests of physical performance were 

applied and assessed by trained, licensed nurses. Several 

possible confounders that could influence the test results 

were also taken into account, such as comorbidity, education, 

lifestyle factors, medication, and pain. Using measures that 

are educationally unbiased may be of value when assessing 

elderly people with varying or lower levels of education, or 

backgrounds that differ linguistically or culturally.62 Physical 

performance tests that assess postural control and movements 

of the lower extremities that are sensitive to cognitive decline 

may facilitate early diagnosis and the identification of elderly 

people in need of monitoring, with regard to both cognitive 

and physical function.

A limitation of this study is that only subjects attending 

the research center performed the 2 × 15 m walking test, pos-

sibly excluding more frail individuals and introducing a floor 

effect on parameters related to this test. One consequence of 

this may be that the actual differences in functioning may 
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have been greater than those observed. Another limitation 

is that neuropsychological measurements were not included 

in this study to evaluate components of executive function. 

Therefore, no conclusions can be drawn regarding the rela-

tionship between the tests used and executive function.

Conclusion
Slower movement speed and poor postural stability were 

related to an increased risk of being cognitively impaired, 

while higher movement speed and good postural stability 

were related to decreased risk. All tests performed at a rapid 

rate of speed were able to differentiate cases from controls. 

The TUG test, a test of complex motor functions that chal-

lenges postural control and adaptive motor behavior, when 

performed at high speed, was found to be best at differen-

tiating cases from intermediates. The test that was best at 

differentiating between controls and intermediates was the 

attention-demanding alternating step test performed at high 

speed, challenging postural control. Forthcoming longitu-

dinal follow-up studies will indicate the possible benefit 

of using separate measures of motor function and postural 

control as additional predictive measures of early cognitive 

decline, especially memory impairment, as a potential marker 

of early neurodegenerative disease.
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