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Results Average age of participants at the baseline was 
82.6 (SD 4.2) years and 61% were women. Individu-
als with poor EF had lower life-space mobility compared 
to those with good EF. SPPB and transportation difficul-
ties explained the association. Over the 2-year follow-up, 
those with poor EF at the baseline showed steeper decline 
but the difference did not quite reach statistical significance 
(p = 0.068).
Conclusions People with better executive function had 
higher life-space mobility. This was explained by better 
lower extremity performance and absence of transporta-
tion difficulties. Cognitive decline may hinder access to 
community amenities, which in turn may further accelerate 
cognitive decline.

Keywords Cognition · Functional capability · 
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Introduction

The ability to go where and when one wants to go and 
how one wants to get there is a key component of active 
aging [1]. Limitations in mobility reduce access to commu-
nity amenities and threaten possibilities for social contacts 
[1], and predict further disability [2]. Life-space mobility, 
an indicator of community mobility, incorporates an indi-
vidual’s internal physiologic and psychological capabil-
ity relative to the environmental requirements of the place 
where the travel takes place [3]. Life-space mobility assess-
ment includes estimates of the distance, the frequency and 
the need of assistance for moving [4]. Highly coordinated 
voluntary bodily movements caused by contracting mus-
cles such as walking, as well as cognitively more com-
plex but physically less demanding tasks such as using 
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public transportation or driving a car [5] constitute impor-
tant building blocks of life-space mobility. The association 
of life-space mobility with cognitive capacity in old age 
has been less studied. There are, though, some studies, that 
show that memory decline assessed with Mini-Mental State 
Examination correlates with lower life-space mobility [3, 
6].

Mobility requires cognitive processing in addition to 
physiological functioning [7]. Holding information in 
mind, switching between tasks, inhibiting action and resist-
ing distraction [8] are examples of cognitive processes 
needed for mobility control [9] and supervised by executive 
functioning (EF). EF refers to the higher order cognitive 
abilities, which are required when planning and carrying 
out complex, goal-oriented behavior [8]. Executive func-
tion plays an important role in supervising and managing 
many different cognitive domains [5]. These cognitive pro-
cesses and mobility are supported primarily by the same 
prefrontal areas of the brain, which have been identified as 
the most vulnerable areas of the brain in the normal aging 
process [9–12]. The deterioration of the prefrontal area in 
aging does not only affect cognition but may contribute 
to motor performance and mobility as well, since the pre-
frontal areas regulate the speed of information processing, 
working memory and attention which have a crucial role in 
capability to complete motor tasks rapidly and efficiently 
[9, 13, 14]. Walking performance for example utilizes exec-
utive function and other complex cognitive processes such 
as estimation, planning and adjustments [15].

Life-space mobility correlates with lower extrem-
ity performance [16] and use of transportation [17], both 
of which also correlate with EF [18–20]. In this study, 
we investigated the association between EF and life-space 
mobility among community-dwelling older people, and 
assessed if perceived walking difficulties, lower extremity 
performance, and transportation difficulties, underlie this 
association.

Materials and methods

Study population

Altogether 169 community-dwelling people aged 76 to 91 
years participated in the Hearing, Cognition and Wellbe-
ing Study. Face-to-face interviews and sensory, physical 
and cognitive functioning measurements were conducted 
in the participants’ homes. Valid data on executive function 
(EF) and life-space mobility were available for 157 partici-
pants who form the analytic sample of the current cross-
sectional study (eight refused and four were unable to per-
form the TMT test due to poor vision or upper extremity 
impairment). Of the initial 169 persons, 108 participated 

in the follow-up study 2 years later (32 were not interested 
to participate, 19 had deceased, one moved outside study 
area and nine were not reached). Of them, 103 participants 
had complete data available, and form the analytic sample 
of the current follow-up study (four refused and one was 
unable to perform the TMT test due to poor vision).

The participants of the current study were part of the 
Life-Space Mobility in Old Age (LISPE) study, described 
in detail previously [21]. LISPE is a population-based 
study among community living older people including 
848 participants. Using random number tables a subset of 
230 individuals was selected for the Hearing, Cognition 
and Wellbeing sub-study in year 2014 [22]. Those willing 
to participate and who did not experience severe problems 
in communicating, underwent the examinations and inter-
views during spring 2014 (n = 169).

The Hearing, Cognition and Wellbeing substudy sample 
(n = 169) did not differ from the initial LISPE study sample 
(n = 848) in terms of sex, age, years of education, number 
of chronic conditions, lower extremity performance meas-
ured with the Short Physical Performance Battery (SPPB), 
or cognitive functioning measured with Mini-Mental State 
Examination (MMSE) (all p values >0.127).

The LISPE study and the Hearing, Cognition and Well-
being sub-study both comply with the principles of good 
scientific conduct and good clinical practice in all aspects 
of the Declaration of Helsinki, and were approved by the 
Ethical Committee of the University of Jyväskylä. All par-
ticipants gave a written informed consent.

Executive function

EF was measured with the Trail Making Test (TMT). TMT 
is a paper-and-pencil task providing information on visual 
search, scanning, processing speed, mental flexibility, and 
executive function [23]. The TMT consists of two parts. 
In the TMT-A task participants were required to draw 
lines sequentially connecting randomly arranged encir-
cled numbers (from 1 to 25) spread over a sheet of paper. 
In the TMT-B task participants were required to draw lines 
in numeric and alphabetical order (1-A-2-B-3-C, etc.) 
connecting randomly arranged encircles containing num-
bers (from 1 to 13) and letters (from A to L) spread over 
a sheet. The examiner pointed out errors as they occurred 
and the subject could continue to complete the task at the 
expense of additional time. Time to complete each task was 
measured in seconds [24, 25]. A maximum accepted time 
to complete each part of the test was 240 s and maximum 
accepted amount of errors was 4 [24]. Delta-TMT was cal-
culated by subtracting time to perform TMT-A from time 
to perform TMT-B to control for the effects of motor func-
tion, visual scanning and processing speed. Delta-TMT 
has been used in previous studies to indicate executive 
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functioning [19, 26]. EF was categorized into three approx-
imately equal distribution-based groups as follows. Poor 
EF included those who did not perform TMT-A or TMT-B 
tasks within accepted time, or made more than 4 errors, or 
who failed to complete the task so that Delta-TMT could 
not have been calculated. Intermediate EF included those 
whose Delta-TMT was between 95 and 179 s and good EF 
included those whose Delta-TMT was 94 s or less. The cut-
off between intermediate and good EF was defined accord-
ing to the median value of Delta-TMT among those who 
completed the tests.

Life-space mobility

Life-space mobility was measured with the 15-item Univer-
sity of Alabama at Birmingham Study of Aging Life-Space 
Assessment (LSA) [3], which was translated into Finn-
ish [27]. Participants were asked how many times during 
the past four weeks they had attained each life-space level 
(bedroom, other rooms, outside home, neighborhood, town, 
beyond town), and whether they needed help from another 
person or used assistive device. A composite score (range 
0–120) that reflects distance, frequency, and independ-
ence of movement was calculated and used as an indicator 
of life-space mobility. Higher scores indicated higher life-
space mobility [5, 21].

Mobility indicators

Lower extremity performance was assessed with the Short 
Physical Performance Battery (SPPB) [28]. The test battery 
comprises three tests assessing standing balance, walking 
speed over a distance of 2.44 m and time taken to com-
plete five chair rises. Each test is rated from 0 to 4 points 
according to established age- and gender-specific cut-off 
points [28, 29]. A SPPB sum score was calculated (range 
0–12) when at least two of the tests were completed [16]. 
If one of the tests was missing, the sum score of the two 
tests was transformed using proportion equation formula 
to reflect the maximum possible test score, i.e., the sum 
score was first multiplied by the maximum possible test 
score (12) and then divided by maximum possible per-
formed test score (8). Higher scores indicate better physical 
performance.

Perceived difficulties walking 500 meters were self-
reported. Participant was asked; “Are you able to walk 
about 500 m?” with response options “able without diffi-
culty”, “able with minor difficulty”, “able with a great deal 
of difficulty”, “unable without the help of another person”, 
and “unable to manage even with help”.

Transportation difficulties were assessed based on per-
ceived difficulties in use of public transportation, and 
frequency of driving. Participants were asked how they 

manage to use public transportation with response options; 
“able without difficulty”, “able with minor difficulty”, “able 
with a great deal of difficulty”, “unable without the help of 
another person”, and “unable to manage even with help”. 
This question was drawn from an 11-item self-report ques-
tionnaire for instrumental activities of daily living (IADL) 
[37]. Driving was assessed by asking “How often do you 
drive a car?” with response options; “Daily or nearly 
daily”, “Once or twice a week”, “Once or twice a month”, 
“Once or twice a year”, “Less than once a year”, “Never, I 
have never driven a car” and “Never, I have stopped driving 
a car”. People who did not drive regularly (at least once or 
twice a month) and had difficulties in using public transpor-
tation were categorized as having transportation difficulties 
while those, who did not have difficulties in using transpor-
tation or who drove a car at least once or twice a month 
were categorized as not having transportation difficulties.

Covariates

Number of self-reported chronic conditions was calculated 
from a list of 22 physician-diagnosed diseases and an addi-
tional open-ended question about any other physician-diag-
nosed chronic diseases [16, 21]. Participants were asked to 
report their total number of years of education.

Other variables

Cognitive functioning was measured using Mini Mental 
State Examination (MMSE) [30].

Statistical analyses

The descriptive measures were computed using means and 
standard deviations (SD) for continuous variables and per-
centages for categorical variables. Comparison between 
the three different EF groups was performed with one-way 
analysis of variance (ANOVA) for continuous variables and 
with cross-tabulation followed by Pearson’s Chi-square test 
for proportions in categorical variables.

The cross-sectional association between EF and life-
space mobility was investigated with general linear regres-
sion model (GLM). The base model was adjusted for age 
and gender. To examine if the association between EF and 
life-space mobility was explained by the covariates, per-
ceived walking difficulties, lower extremity performance 
and transportation difficulties were included into the model 
one at a time, and finally all the factors were included in the 
model simultaneously. Additionally, in the fully adjusted 
model we included the number of chronic conditions and 
years of education as covariates. The longitudinal associa-
tion between EF and life-space mobility was investigated 
by constructing a general estimation equation (GEE) model 
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[31] by specifying an unstructured outcome covariance 
matrix. We estimated the main effects of EF on life-space 
mobility and time interaction effects (group by time) for the 
2-year follow-up. Models were adjusted for age and gen-
der. The interaction between gender and EF on life-space 
mobility was not statistically significant (p > 0.290), thus 
all analyses were pooled by gender. For all tests two-tailed 
p values are reported and the level of significance was set 
at p < 0.05. The analyses were carried out with SPSS IBM 
version 24.0 (SPSS, Armonk, NY, IBM Corp).

Results

Baseline characteristics of the study participants according 
to the approximate tertiles of EF are presented in Table 1. 
The average age of the participants at the baseline was 
82.6 years (SD 4.2) and 61% of them were women. Mean 
MMSE score at the baseline was 26.2 (SD 2.6) and 7.6% of 
the participants had MMSE < 23. Compared to individuals 
with good EF those with poor or intermediate EF were less 
educated, had significantly lower SPPB scores and lower 
life-space mobility. Eighty-three per cent of participants 

with good EF had no transportation difficulties while 
56% of those with poor EF had no difficulties. Number of 
chronic conditions or difficulties in walking 500 meters did 
not differ between EF groups (Table 1).

Marginal means and regression coefficients of life-space 
mobility by EF are shown in Table 2. Persons with poor or 
intermediate EF had lower life-space mobility compared to 
those with good EF (p = 0.006: marginal means 53.0, SE 
2.7 for poor, 63.5, SE 2.7 for intermediate, and 64.0, SE 2.7 
for good EF). Perceived difficulties in walking 500 meters 
did not attenuate the association between EF and life-
space mobility (p = 0.005). Lower extremity performance 
and transportation difficulties attenuated the associations 
between EF and life-space mobility and rendered the differ-
ences statistically non-significant.

Compared to those who did not participate in the fol-
low-up study (n = 61), those who participated (n = 108) 
were younger (82.2 years, SD 4.1 vs. 83.6 years, SD 4.3, 
p = 0.038), their mean SPPB (9.3, SD 2.0, vs. 7.2, SD 
3.4, p < 0.001), MMSE (26.3, SD 2.7 vs. 25.4, SD 2.5, 
p = 0.033), and life-space mobility scores (63.1, SD 19.7 
vs. 51.2, SD 20.4, p < 0.001) were higher at the base-
line. The attrition was highest among those with poor 

Table 1  Characteristics of the 
study participants according to 
executive function

SPPB, n = 156
Poor not able to complete either TMT A or B < 240 s, or made more than 4 mistakes or did not complete 
the task, Intermediate delta-TMT 95–179 s, Good delta-TMT ≤ 94 s, SD std. deviation, SPPB short physical 
performance battery, MMSE mini mental state examination
a Analysis of variance (ANOVA)
b Chi-square test

Characteristics n = 157 Executive function p value

Poor Intermediate Good

n = 54 n = 50 n = 53

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 82.6 (4.2) 84.1 (4.0) 82.2 (4.1) 81.5 (4.2) 0.003a

Education (years) 9.6 (4.3) 7.9 (3.4) 9.8 (4.8) 11.3 (4.0) <0.001a

Number of chronic conditions 3.3 (1.6) 3.4 (1.6) 3.4 (1.5) 3.1 (1.8) 0.493a

Life-space mobility (total score) 59.0 (21.0) 50.3 (20.6) 62.9 (18.2) 64.2 (21.2) 0.001a

SPPB (total score) 8.5 (2.8) 7.5 (2.8) 8.6 (2.6) 9.5 (2.6) 0.001a

MMSE (total score) 26.1 (2.6) 24.4 (2.6) 26.5 (2.3) 27.6 (1.6) 0.001a

% % % %
Women 61.1 64.8 60.0 58.5 0.782b

Walking difficulties for 500 m 0.667b

 No difficulties 74.5 66.7 80.0 77.4
 Minor difficulties 11.5 14.8 10.0 9.4
 A great deal of difficulties 6.4 9.3 6.0 3.8
 Unable even with help 7.6 3.2 9.4 7.1

Transportation difficulties 0.002b

 No difficulties 72.6 55.6 80.0 83.0
 Difficulties 27.4 44.4 20.0 17.0
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EF at the baseline (53.7%), followed by those with inter-
mediate (30.0%) or good (18.9%) EF at the baseline. 
Those with poor EF were five times (OR = 4.99, 95% CI 
2.09–11.92), and those with intermediate EF almost two 
times (OR = 1.84, 95% CI 0.74–4.61) more likely to drop 
out from the follow-up compared to those with good EF.

Table 3 shows the mean values for life-space mobility at 
baseline and 2-year follow-up according to EF. Life-space 
mobility decreased most among those who had poor EF at 
baseline compared to those with intermediate or good EF, 
but the difference did not quite reach statistical significance 
(group by time interaction effect β= −6.198, p = 0.068).

Discussion

Our results showed that people with poor EF had lower 
life-space mobility than those with intermediate or good 
EF. The differences were largely explained by their poorer 

lower extremity performance and higher prevalence of 
transportation difficulties, both of which also underlie life-
space mobility. The results of the 2-year follow-up study 
suggest that poor EF predicts a steeper decline in life-space 
mobility among older community-dwelling people; how-
ever, the interaction term did not quite reach statistical 
significance.

This is to our knowledge the first study examining the 
cross-sectional and longitudinal association between EF 
and life-space mobility among older community-dwelling 
individuals. Our findings add novel knowledge to emerging 
literature relative to association between cognitive func-
tioning and mobility. In relation to EF and mobility, previ-
ous studies have examined only one aspect of mobility at 
a time whereas we were able to use life-space mobility as 
an outcome, which takes into account all mobility in its’ 
different forms including both physically active movement 
and movement using a vehicle. Life-space mobility assess-
ment provides us information about “real life” mobility 

Table 2  Marginal means (MM) and standard errors (SE) of life-space mobility scores and regression coefficients (β) With 95% confidence 
intervals (CI) by executive function (EF). The covariates were included to the gender and age adjusted model one at the time

Good delta-TMT ≤94 s, Intermediate delta-TMT 95–179 s, Poor not able to complete either TMT A or B part test <240 s, or made more than 4 
mistakes or did not complete the task. SPPB  Short Physical Performance Battery
# p value for the significance of the differences between life-space mobility marginal means
*Fully adjusted = gender and age + walking difficulties for 500 m, SPPB, transportation difficulties, number of chronic conditions, and years of 
education

Executive function p  value#

Good Intermediate Poor

MM (SE) MM (SE) β CI MM (SE) β CI

Unadjusted 64.2 (2.8) Ref. 62.9 (2.8) −1.30 −9.12, 6.42 50.2 (2.7) −13.94 −21,61, −6.27 0.001
Gender and age 64.0 (2.7) Ref. 63.5 (2.7) −0.56 −8.03, 6.91 53.0 (2.7) −11.03 −18.60, −3.46 0.006
+Walking difficulties for 500 m 51.4 (2.8) Ref. 49.5 (2.9) −1.92 −8.26, 4.42 41.2 (2.8) −10.20 −16.62, −3.78 0.005
+SPPB 61.2 (2.3) Ref. 63.1 (2.3) 1.90 −4.40, 8.20 56.4 (2.8) −4.80 −11.35, 1.76 0.109
+Transportation difficulties 57.0 (2.6) Ref. 56.8 (2.7) −0.25 −6.91, 6.41 50.5 (2.4) −6.50 −13.39, 0.40 0.116
Fully adjusted* 53.5 (2.7) Ref. 53.9 (2.9) 0.39 −5.57, 6.35 49.0 (2.9) −4.57 −11.03, 1.89 0.230

Table 3  Means, standard deviations (SD), and general estimation equations (GEE) model parameters for group-by-time interactions for life-
space mobility scores according to executive function tertiles at baseline and in the 2-year follow-up

Good delta-TMT ≤94 s, Intermediate delta-TMT 95–179 s, Poor not able to complete either TMT A or B part test <240 s, or made more than 4 
mistakes or did not complete the task
s.e. standard error
2 GEE model group × time interaction adjusted for age and gender, good EF as a reference group. β sample estimate for GEE regression coef-
ficient

Executive function Baseline 2-year follow-up Group × time  interaction2

Mean SD Mean SD β s.e p  value2

Good (n = 43) 68.3 19.3 67.5 18.5 Ref.
Intermediate (n = 35) 64.3 16.8 65.7 16.5 2.188 3.110 0.482
Poor (n = 25) 53.8 20.1 46.8 20.4 −6.198 3.396 0.068
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that may take place closer or further away from home. As a 
person moves further away from one’s home, the cognitive 
effort needed for the mobility may increase, e.g., in terms 
of finding directions, orienting oneself and recognizing the 
less familiar environmental features when approaching a 
far-away destination. Consequently, life-space mobility may 
be sensitive to early cognitive changes that may reduce the 
willingness to travel to more distant destinations [6, 32].

Motor control relies in prefrontal brain areas, which are 
most vulnerable to age-related losses [33], and cognitive 
and motor functions share the same neural network [13], 
which potentially explain why lower extremity perfor-
mance and transportation difficulties coexist with cognitive 
decline. Adequate motor control, reaction speed, attention 
and working memory are important for lower extremity 
performance but they also are prerequisites for competent 
driving, and contribute to cognitive processes where EF is 
involved. Low EF decreases the likeliness that an individ-
ual could independently use public transportation or drive 
safely due to decreased ability to integrate information and 
plan a response [18, 34]. It is also possible that restricted 
life-space mobility due to physical disability or disease, 
may diminish brain stimulation needed for maintaining 
cognitive skills and thus have a negative influence to cogni-
tive functioning over time.

One of the strengths of the study was that we analyzed 
the association between EF and life-space mobility which 
has not been addressed before. Additionally, using differ-
ent mobility measures, we were able to investigate which 
mobility indicators may explain this association. Our study 
included persons who were community-dwelling and 
from all social stratum, who did not have severe cognitive 
decline (Mean MMSE score: 26.2, SD 2.6). We used com-
puter-assisted face-to-face interviews by trained interview-
ers at participants’ homes allowing cognitive and physical 
performance tests in a setting familiar to the participants.

There are also some limitations in this study that need 
to be acknowledged. First of all, the participants with 
poorer EF, or lower SPPB and MMSE scores and lower 
life-space mobility were more likely to drop out from the 
follow-up study than those with higher values. Therefore, 
the strength of the longitudinal association between EF and 
life-space mobility may have been underestimated. Second, 
the attrition reduced the statistical power in the longitudi-
nal analyses. Nevertheless, the results suggest that life-
space mobility may show steeper decline over time among 
those with lower EF. However, this needs to be confirmed 
in future studies. Third, self-reported walking difficulties 
as a measurement may under- or over-estimate true partici-
pants’ difficulties. However, self-reported walking difficul-
ties is a widely used measure in aging research, and thus, 
is an established method for assessing perceived mobility 
difficulties that participants experience in their daily life 

surroundings [28]. Fourth, we were using a single test to 
measure executive function instead of multiple tests due to 
time constraints in the study protocol considering that the 
participants were very old. Although TMT is a widely used 
test and simple and easy to perform, further studies should 
use more detailed test batteries for a more comprehensive 
evaluation of executive function.

Conclusion

Better EF is associated with higher life-space mobility and 
poorer lower extremity performance and transportation 
difficulties explained the association. Poor EF may pre-
dict steeper decline in life-space mobility. Our finding lays 
ground to future studies on the topic.
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