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Abstract

Background: In old age, decline in functioning may cause changes in walking ability. Our aim was to study whether older people who report
adaptive, maladaptive, or no walking modifications differ in outdoor mobility.

Methods: Community-dwelling people aged 75-90 years (N = 848) were interviewed at baseline, of whom 761 participated in the 2-year
follow-up. Walking modifications were assessed by asking the participants whether they had modified their way of walking 2 km due to
their health. Based on the responses, three categories were formed: no walking modifications (reference), adaptive (eg, walking more slowly,
using an aid), and maladaptive walking modifications (reduced frequency of walking, or having given up walking 2 km). Differences between
these categories in life-space mobility, autonomy in participation outdoors, and unmet physical activity need were analyzed using generalized
estimation equation models.

Results: Participants with maladaptive walking modifications (7 = 238) reported the most restricted life-space mobility (§ = -9.6, SE = 2.5,
p < .001) and autonomy in participation outdoors (f = 1.7, SE = 0.6, p = .004) and the highest prevalence of unmet physical activity need
(odds ratio = 4.3, 95% confidence interval = 1.1-16.5) at baseline and showed a decline in these variables over time. Those with no walking
modifications (7 = 2835) at baseline exhibited the best values in all outdoor mobility variables and no change over time. Although at baseline
those with adaptive walking modifications (1 = 325) resembled those with no modifications, their outdoor mobility declined over time.
Conclusion: Adopting adaptive modifications may postpone decline in outdoor mobility, whereas the use of maladaptive modifications has
unfavorable consequences for outdoor mobility.

Keywords: Physical activity, Functional performance, Physical function, Aging

Moobility can broadly be determined as a person’s ability to move
independently from one place to another, either on foot or by
using other forms of transportation (1). Mobility is an important
element and prerequisite of participation in valued activities and
community life in old age (2). Although aging and age-related
diseases and physical impairments affect mobility (3-5), their im-
pacts on individuals vary depending on their psychological (6,7)
resources and environmental demands (8,9). Walking modifications
are conscious or subconscious changes in walking which occur
when older people start to experience functional decline. Typical

self-reported walking modifications include reduced walking speed,
resting during walking, using an aid, reducing walking frequency,
or giving up walking longer distances (10). Earlier studies have re-
ported that people who do not report walking difficulty but have
modified their walking form an intermediate group between those
with and without walking difficulties in terms of lower extremity
performance and muscle strength (10,11). In line with this, it has
been shown that walking modifications may be viewed as preclin-
ical signs of walking difficulties that identify people who are at in-
creased risk for future walking difficulties (11).
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According to Lawton and Nahemow’s ecological theory of aging
(12), in the adaptive stage, a person has matched his/her individual
capacity to the task or environmental demand. Some studies have
indicated that walking modifications may also be advantageous as
they help older people to reduce environmental press and hence
continue participating in out-of-home activities despite functional
decline (13,14). To explore whether some walking modifications
influence outdoor mobility more favorably than others, we divided
self-reported walking modifications into adaptive and maladaptive
modifications on a discretionary basis, drawing on the ecological
theory of aging (12). Adaptive walking modifications, such as using
an aid or lowering walking speed, can be viewed as facilitators or
enablers of walking when facing physiological impairments. In con-
trast, we assumed that maladaptive walking modifications, such as
giving up or reducing the frequency of walking longer distances,
could have harmful consequences for outdoor mobility.

The aim of this study was to compare changes in outdoor mobility
over 2 years according to self-reported adaptive, maladaptive, or no
walking modifications at baseline. We studied outdoor mobility with
respect to three outdoor mobility indicators: life-space mobility (15),
autonomy in out-of-home participation (16), and unmet physical ac-
tivity need (17). These measures correlate with each other although
they express different aspects of mobility. Life-space mobility refers
to actual mobility behavior in daily life (15), whereas autonomy in
out-of-home participation indicates an individual’s level of satisfac-
tion with their opportunities to move where and when they want
(16). Unmet physical activity need refers to a situation where people
would like to increase their outdoor physical activity but perceive no
opportunities to do so (17).

Methods

Design and Study Participants

The data for this observational study were drawn from data col-
lected for the “Life-Space Mobility in Old Age” (LISPE) project, a
2-year prospective cohort study conducted between the years 2012
and 2014. A more detailed description of the LISPE study and
nonrespondent analysis have been reported previously (18). Briefly,
the study targeted community-dwelling people aged 75-90 years
whose personal data were extracted from the Finnish population
register based on their age and residence in the municipalities of
Jyviskyld and Muurame (age-stratified random sample N = 2,550).
Based on a preliminary review of potential participants’ street ad-
dresses, those living in assisted living facilities were excluded. In
total, 2,269 persons were contacted to enquire about their willing-
ness to take part in the study. The inclusion criteria were being com-
munity dwelling, resident in the study area, willing to participate,
and able to communicate and provide an informed consent. After
exclusions, 848 participants were interviewed in their homes at base-
line and 761 took part in the 2-year follow-up (drop-out rate 10%).
The Ethical Committee of the University of Jyvaskyla approved the
LISPE study project.

Measurements

Self-reported modifications in walking 2 km were studied at baseline
with a validated assessment tool for capturing early signs of mobility
decline (10). Participants were asked: “Have you noticed any of the
following changes when walking 2 kilometers due to your health or
physical functioning?” Changes were listed as follows: walking slower,
resting during walking, using an aid, reduced frequency of walking,
and given up walking distances of 2 km. The response options were

“yes” or “no” and participants were asked to report all walking modi-
fications. Walking slower, resting during walking, and using an aid
were considered to reduce the task demands and indicate a striving to
continue doing the task and thus were categorized as adaptive modifi-
cations. Those who reported adaptive walking modifications and also
reduced frequency of walking were also categorized as using adaptive
walking modifications. Given up walking 2 km and reduced frequency
of walking 2 km distances, in the absence of adaptive modifications,
were considered to represent maladaptive modifications indicating re-
duced striving to continue the activity potentially stemming from task
demands exceeding personal capacity.

Life-space mobility was measured at baseline and at the 2-year
follow-up using the Finnish version of the University of Alabama
(UAB) Study of Aging Life-Space Assessment (15,19). The Life-space
Mobility Assessment captures the individual’s actual mobility per-
formance in daily life during the preceding 4 weeks, taking into
account all forms of mobility from walking to driving and using
public transportation. Participants were asked on how many days
per week (less than once a week, one to three times a week, four
to six times a week or daily) they reached each life-space level
(bedroom, other rooms, outside home, neighborhood, town, and
beyond town), and if they needed help from others or assistive de-
vices. A life-space composite score (range 0-120) comprising level,
frequency, and assistance needed was then calculated based on the
participant’s responses (15). Higher scores indicate greater life-space
mobility. A change of more than 10 points in the life-space mobility
score is considered to indicate clinically meaningful change (19).

Autonomy in participation outdoors was measured using the
relevant domain of the Impact on Participation and Autonomy ques-
tionnaire. The Impact on Participation and Autonomy questionnaire
has been shown to be a reliable and valid instrument for assessing
autonomy and participation in older populations (16). The au-
tonomy outdoors domain consists of five items: visiting relatives and
friends, making trips and traveling, spending leisure time, meeting
other people, and living life the way one wants to. Each item is
scored from 0 (very good possibilities) to 4 (very poor possibilities),
with a higher sum score indicating more autonomy restrictions in
participation (range 0-20).

Unmet physical activity need was measured using two questions:
“Would you like to increase your level of outdoor physical activity?”
and “Do you feel that you would have the opportunity to increase
your level of outdoor physical activity if someone recommended you
to do so?” The response options for each of these questions were
“yes” and “no.” People wanting to increase their outdoor physical
activity while perceiving no opportunity to do so were defined as
experiencing unmet physical activity need (17).

Covariates were measured at baseline and selected based on ex-
isting knowledge on variables that correlate with mobility. Data on
age and gender were gathered from the population register extract
used as the basis for recruitment. During the home interview, the
participants reported their years of education. Physician-diagnosed
chronic conditions were elicited with a list of 22 specified chronic
conditions followed by an open-ended question on other any other
diseases the participant might have. Based on the responses, we cal-
culated the number of chronic conditions (20). Depressive symptoms
were assessed with the Center for Epidemiologic Studies Depression
Scale, CES-D (range 0-60; higher scores indicate more depressive
symptoms) (21), and cognitive function was measured using the
Mini-Mental State Examination (22). Lower extremity function was
assessed using the Short Physical Performance Battery (23). The tests
comprise standing balance (feet together, semi-tandem, full tandem),
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walking at normal gait speed for 2.44 m, and repeated chair rise (five
times). Each test was scored from 0 to 4 and a sum score ranging
from 0 to 12 calculated, with higher scores indicating better lower
extremity function (20). The sum score was calculated only for those
who completed at least two of the three tests. Participants were cat-
egorized based on self-reported difficulties in walking 2 km at base-
line (10) for the sensitivity analysis. Participants were asked whether
they had difficulties in walking 2 m with the following response op-
tions: (i) able to manage without difficulty; (ii) able to manage with
some difficulty; (iii) able to manage with great deal of difficulty; (iv)
able to manage only with help from another person; and (v) un-
able to manage even with help. Those who reported needing help to
manage or being unable to walk 2 km even with help were categor-
ized as being unable to walk 2 km independently.

Statistical Analysis

Participants who reported no walking modifications were selected
as the reference category. Participant characteristics and mobility ac-
cording to the three walking modification categories (adaptive, mal-
adaptive, or no modifications) were described using means and SD
for continuous variables and percentages for categorical variables.
Differences between categories were tested with chi-square test or
one-way analysis of variance.

Generalized estimation equation (GEE) models (24) with un-
structured working correlation matrix were used to compare
changes between the walking modification categories in life-space
mobility and autonomy in participation outdoors over the 2-year
follow-up. GEE binary logistic regression was used to study changes
in the prevalence of unmet physical activity need over time. In the
GEE models, the group difference is the difference between groups in
the level of the score or prevalence at the baseline and at the 2-year
follow-up. Group x time interaction represents the differences be-
tween groups in change over time. The first models were adjusted
for age and gender, whereas the second models also included years of
education, number of chronic conditions, depressive symptoms, and
cognitive function. The final models, in addition to all the previous
covariates, included extremity function.

Those who died during the follow-up (7 = 41) or were admitted
to institutional care (7 = 15) were excluded from the longitudinal
GEE analyses. Thus, the final model comprised 792 participants in
the life-space mobility and autonomy in participation outdoors ana-
lyses and 787 participants in the unmet physical activity need analysis.
Six participants had missing information for years of education, four
for depressive symptoms and seven for Short Physical Performance

Battery; these 17 participants were not included in the fully adjusted
models. Multivariate imputation by chained equation was used to
calculate missing scores for follow-up life-space mobility (z = 35),
autonomy in participation outdoors (7 = 44), and unmet physical ac-
tivity need (1 = 42). The sensitivity analyses showed that imputation
did not change the results. Post hoc analyses were conducted using
GEE modeling with maladaptive walking modifications set as the ref-
erence. Finally, to test the robustness of our findings, we conducted
further sensitivity analyses by excluding from the prospective analyses
all the participants who were unable to walk 2 km independently.

All the analyses were carried out with IBM SPSS version 24 (SPSS
Inc., Chicago, IL). The results were regarded as statistically signifi-
cant if the 95% confidence intervals did not include 1 or when p
value was <.05.

Results

The mean age of the participants was 80.6 (SD = 4.3) years and 62%
of the participants were women. At baseline, 285 (34%) were cat-
egorized as having no modifications in walking 2 km, 325 (38%)
as having adaptive, and 238 (28%) as having maladaptive walking
modifications. Those with maladaptive walking modifications were
older, more often women, less educated, and had more chronic con-
ditions, depressive symptoms, poorer cognitive function, and poorer
lower extremity performance than those without walking modi-
fications (p < .002 for all; Table 1). People with adaptive walking
modifications formed an intermediate group between those with
maladaptive walking modifications and those without walking modi-
fications in age, education, lower extremity function, depressive symp-
toms, and number of chronic conditions. Participants categorized as
using adaptive walking modifications used on average 2.1 walking
modifications. The majority of them (80.3%) walked more slowly,
45.6% needed to rest during walking, 37.2% used walking aids when
walking 2-km distances, and 50.2% had also reduced their frequency
of walking 2-km distances. In the maladaptive walking modifications
category, the majority (85.5%) had given up walking 2-km distances,
whereas 14.5% had reduced their frequency of walking 2-km dis-
tances and reported no adaptive walking modifications.

Life-space mobility scores were highest at baseline and remained
almost unchanged during the follow-up among those without
walking modifications. Those who used maladaptive walking modi-
fications at baseline had the lowest life-space mobility scores and at
follow-up their scores had decreased more than the scores of those
with no walking modifications (group difference 3 = -9.6, SE = 2.5,

Table 1. Participant Characteristics by 2-km Walking Modifications at Baseline (N = 848)

No Walking Adaptive Walking Maladaptive Walking

Modifications Modifications Modifications

(n =285) (n = 325) (n=238)
Characteristics Mean (SD) Mean (SD) Mean (SD) p Value
Age,y 78.9 (3.7) 80.9 (4.2) 82.3 (4.2) <.001*
Education, y 10.3 (4.5) 9.5 (4.0) 8.8 (3.8) <.001*
Number of chronic conditions 3.3 (2.0) 4.6 (2.4) 5.3 (2.5) <.001°
CES-D, score 7.4(5.8) 10.2 (6.3) 11.6 (7.9) <.001*
MMSE, score 26.6 (2.5) 26.1(2.9) 25.7 (3.0) <.001*
SPPB, score 10.8 (1.4) 9.7 (2.00) 8.1(3.3) <.001*
Women, % (1) 54 (154) 64 (209) 69 (163) .002°

Notes: CES-D = Center for Epidemiologic Studies Depression Scale; MMSE = Mini-Mental State Examination; SPPB = Short Physical Performance Battery.

“Tested with one-way analysis of variance. "Tested with chi-square test.
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p < .001, group x time p = .010; Table 2). In the age- and gender-
adjusted model, the life-space mobility scores were slightly lower
in the adaptive walking modifications group than reference group
(group difference p = -5.2, SE = 2.4, p = .026), although this differ-
ence was attenuated after further adjustments. However, over the
follow-up, their values declined more than those of the reference cat-
egory (group x time p = .001).

Further post hoc analyses (not shown) indicated that the life-
space scores of those with adaptive walking modifications and
those without walking modifications were higher than among
those with maladaptive walking modifications. The difference was
statistically significant (p < .001 for those with no walking adap-
tations; p < .001 for those with adaptive walking modifications)
and on average clinically significant (§ = 9.6, SE = 2.5; p = 8.9,
SE = 2.5, respectively).

The participants with maladaptive walking modifications at
baseline showed significantly lower scores for autonomy in par-
ticipation outdoors (group difference f = 1.7, SE = 0.6, p = .004;
Table 3) and a significantly higher prevalence of unmet physical
activity need (group difference odds ratio 4.3, 95% CI = 1.1-
16.5, p = .033; Table 4) than those without walking modifica-
tions. Over the follow-up, they remained on the same lower level,
with the same slope of change as that of the reference category

(group x time p = .971; group x time p = .611). In turn, although
the baseline scores of those with adaptive walking modifications
resembled those without walking modifications, their scores for
autonomy in participation outdoors had increased at the 2-year
follow-up compared with those of the reference category (group
x time p = .003).

Finally, to test the robustness of our findings, we conducted sen-
sitivity analyses by excluding from the prospective analyses all those
who at baseline had reported being unable to independently walk 2
km. This decreased the number of participants in the maladaptive
walking modifications category from 207 to 114 and in the adaptive
walking category from 309 to 305. These analyses did not change
the results for life-space mobility (Supplementary Table 1). The re-
sults for autonomy in participation in outdoor activities remained
similar for the most part (Supplementary Table 2). However, the dif-
ference in the autonomy in participation outdoor scores over time
between those using maladaptive and those reporting no walking
modifications was no longer statistically significant in the model ad-
justed also for lower extremity function (group difference f = 0.9,
SE = 0.6, p = .145). The difference in the prevalence of unmet phys-
ical activity need between those with maladaptive walking modifica-
tions and those without walking modifications was also no longer
statistically significant (Supplementary Table 3).

Table 2. Changes in Life-Space Mobility Scores Over 2-Year Period by Walking Modification Category Among Community-Dwelling People

Aged 75-90Years at Baseline

2y
Baseline Follow-up  Model 1 Model 2 Model 3
n=792 n=757 Group Group Group Group
Difference, Group x Difference, Group x Difference,x Time,

Category Mean (SD) Mean (SD) f (SE) P Time,p B (SE) P Time,p p (SE) P p
No walking 77.3 (15.6) 76.4 (17.2) Ref. Ref. Ref.
modifications
Adaptive walking ~ 63.9 (17.9) 58.4 (18.8) -5.2(2.4).026 .001 -2.7(2.4) 223 .001 -0.8(2.4) .739 .001
modifications
Maladaptive walking 49.1 (18.1) 44.3 (18.6) -18.2(2.5)<.001 .009 -14.8 (2.5)<.001 .010 -9.6 (2.5) <.001 .010

modifications

Notes: Reference category: no walking modifications. Model 1: adjusted for age and gender; Model 2: adjusted for age, gender, years of education, number of

chronic conditions, depressive symptoms, and cognitive function; and Model 3: adjusted for age, gender, years of education, number of chronic conditions, depres-

sive symptoms, cognitive function, and lower extremity function. Statistically significant values are bolded.

Table 3. Changes in Autonomy in Participation Outdoors Scores Over 2-Year Period by Walking Modification Category Among Community-

Dwelling People Aged 75-90 Years at Baseline

2y
Baseline Follow-up  Model 1 Model 2 Model 3
n=792 n="748 Group Group Group
Difference, Group x Difference, Group x Difference, Group x

Category Mean (SD) Mean (SD) B (SE) p Time,p p (SE) p Time,p B (SE) P Time, p
No walking 4.5 (3.00) 4.8(3.4) Ref. Ref. Ref.
modifications
Adaptive walking 6.1 (3.3) 7.2 (3.6) 0.4 (0.5) .338 -0.3(0.4) .577 .003 -0.5(0.4) .271 .003
modifications
Maladaptive walking 8.2 (4.3) 8.7 (4.0) 3.2 (0.6) <.001 2.3 (0.6) <.001 962 1.7 (0.6) .004 971
modifications

Notes: Reference category: no walking modifications. Model 1: adjusted for age and gender; Model 2: adjusted for age, gender, years of education, number of

chronic conditions, depressive symptoms, and cognitive function; and Model 3: adjusted for age, gender, years of education, number of chronic conditions, depres-

sive symptoms, cognitive function, and lower extremity function. Statistically significant values are bolded.
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Table 4. Changes in Prevalence of Unmet Physical Activity Need Over 2-Year Period by Walking Modification Category Among Community-

Dwelling People Aged 75-90Years at Baseline

2-y
Baseline  Follow-up Model 1 Model 2 Model 3
n=787 n=750 Group Group Group
OR Difference, Group x OR Difference, Group x OR Difference, Group x

Category % (n) % (n) (95% CI) p Time,p (95%CI) p Time,p (95%CI) p Time, p
No walking 4.4 (12) 5.5 (15) Ref. Ref. Ref.
modifications
Adaptive 11.8 (36) 19.0(56) 1.7 (0.5-6.6).427 410 1.4 (0.4-5.5).610 402 1.3 (0.3-5.2).687 .398
walking
modifications
Maladaptive  26.1 (54) 26.6 (49) 6.6 .005 640 52 016 603 43 .033 611
walking (1.8-24.6) (1.4-19.7) (1.1-16.5)
modifications

Notes: CI = confidence interval; OR = odds ratio. Reference category: no walking modifications. Model 1: adjusted for age and gender; Model 2: adjusted for

age, gender, years of education, number of chronic conditions, depressive symptoms, and cognitive function; and Model 3: adjusted for age, gender, years of educa-

tion, number of chronic conditions, depressive symptoms, cognitive function, and lower extremity function. Statistically significant values are bolded.

Discussion

The levels and changes in outdoor mobility differed between those
using adaptive or maladaptive walking modifications and those with
no walking modifications. Older people who used maladaptive modi-
fications had the lowest life-space mobility, the poorest perceived
autonomy in participation outdoors, and the highest prevalence
of unmet physical activity need at both baseline and at the 2-year
follow-up. The outdoor mobility of those who used adaptive walking
modifications resembled those with no modifications at baseline but
declined over time. To the best of our knowledge, this is the first
study to divide walking modifications into adaptive and maladaptive
categories and examine their potentially different influences on out-
door mobility. Although our results are in line with those of previous
studies indicating that walking modifications may facilitate continued
participation in meaningful activities (9,14) and postpone reduction
in life-space mobility (13), they expand them by distinguishing be-
tween adaptive and maladaptive walking modifications and using in-
dicators of different aspects of outdoor mobility as outcomes.
According to the ecological theory of aging, maladaptive be-
havior occurs when environmental press is higher than the level of
individual competence, whereas in the adaptive stage, a person has
matched his/her performance to the demands of the task or envir-
onment (12). Our results show that in the early phases of declining
health and physical performance, some older people lower the task
demands of walking by using adaptive walking modifications and
thus optimize their walking in relation to their capabilities, thereby
postponing the decline in outdoor mobility. This notion is in line
with the model of selection, optimization and compensation, which
posits that older people use these three strategies to maintain par-
ticipation in their valued activities (25). The fact that differences in
health and physical performance explained the differences between
those with no and those with adaptive walking modifications sup-
ports this explanation. For those with maladaptive walking modi-
fications, differences in health and physical performance did not
attenuate the results. This suggests, first, that the task demands of
walking longer distances exceed their capabilities and, second, that
factors other than health and physical performance underlie the re-
sult. An earlier study has shown that, for example, fear of falling
or fear of crime, living alone, and ambient conditions such as poor
weather correlate with lower outdoor mobility and especially affect

people with lower physical capabilities (26). Another recent study
suggested that older people who tenaciously pursue their goals but
are also able to change them when needed, report better possibil-
ities to participate in outdoor activities and are more often able to
maintain their outdoor mobility at a higher level (7). Moreover,
some features of the environment may restrict possibilities for out-
door activities (17,27,28), whereas others may support the use of
assistive devices or provide places to rest during the outdoor activity.
However, precisely how environmental features influence the choice
of walking modifications warrants further study.

Another departure from earlier studies is that our analysis in-
cluded people who reported walking difficulties. Previous studies
have used self-reported walking modifications as indicators of pre-
clinical disability and assessed them solely among those without
walking difficulty to establish which came first (11,29). However,
our aim was to evaluate whether some modifications could postpone
or help maintain outdoor mobility among people who may experi-
ence walking difficulties but who are nevertheless able to continue
walking. It is possible that some older people interpret the use of
walking modifications as difficulties in walking (30); thus, the dis-
tinction between walking modifications and walking difficulties may
be artificial. For example, a person who needs to rest when walking
longer distances will probably report difficulty walking longer dis-
tances, even though optimizing the performance by resting in the
middle of it helps to maintain the ability to walk longer distances.
There might also be differences in reporting walking difficulties be-
tween those who have recently experienced pronounced functional
decline and those whose functional ability has decreased over a
longer period of time (31). In our sensitivity analyses, we excluded
participants who reported that they were no longer able to walk 2
km independently or with help from others from the GEE models.
Although most of the exclusions were from the category of maladap-
tive walking modifications, the results did not materially change.
Consequently, we believe that the actual inability to walk does not
explain the differences observed between the walking modification
categories. Some individuals had stopped walking 2-km distances
even though they could have continued walking.

The strengths of this study include the large population-based
sample of community-dwelling older people. In addition, the pos-
sibility to utilize 2-year follow-up data in longitudinal analyses
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allowed us to study changes in three outdoor mobility variables in
three walking modifications categories. Moreover, our categoriza-
tion of walking modifications into adaptive and maladaptive was
based on a self-reported walking modifications measure that has
been shown to be a validated and reliable indicator of preclinical
disability (10). Use of three different outdoor mobility variables
that are conceptually different from walking difficulty or walking
modifications enabled us to acquire knowledge that will help lay the
foundation for actions to prevent or delay mobility limitation and
restrictions on participation. However, the study also has its limita-
tions. We did not have an opportunity to study the reasons behind
the use of walking modifications. In addition, all the covariates in
the models were assessed at baseline and changes in them were not
accounted for.

The findings of the study indicate that categorizing walking
modifications into two categories—adaptive and maladaptive—
was meaningful as it showed that some older people may post-
pone age-related decline in outdoor mobility by using adaptive
walking modifications, whereas for others, the use of maladaptive
walking modifications reduces their outdoor mobility. Because the
majority of people experience age-related functional decline, it is
important to identify their individual mobility needs to support
their full participation in society. Encouraging the use of adaptive
walking modifications when needed and designing age-friendly
environments, for example, by providing suitable transporta-
tion options and opportunities to rest when walking outdoors,
may help older people to maintain their life-space mobility and
autonomy to participate in outdoor activities, and protect them
from unmet physical activity need. Future studies should bear in
mind that different walking modifications may have different ef-
fects on people.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.

Funding

This work was supported by the European Research Council (grant number
693045 to Ta.R.); the Academy of Finland (grant number 255403 to Ta.R.);
the Ministry of Education and Culture (to M.R. and Ta.R.); and the University
of Jyviskyld. The financial sponsors were not involved in the design, imple-
mentation, analyses, or reporting of the results.

Acknowledgment

The Gerontology Research Center (GEREC) is a joint effort between the
University of Jyviskyld and University of Tampere, Finland.

Conflict of Interest

Ta.R. serves on the Journal of Gerontology: Medical Sciences editorial board.
Otherwise, the authors declare no conflicts of interest.

References

1. Rantakokko M, Minty M, Rantanen T. Mobility decline in old age. Exerc
Sport Sci Rev. 2013;41:19-25. doi:10.1097/JES.0b013e3182556f1e

2. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-
extremity function in persons over the age of 70 years as a predictor of
subsequent disability. N Engl | Med. 1995;332:556-561. doi:10.1056/
NEJM199503023320902

10.

1

—_

12.

13.

14.

15.

16.

17.

1

oo

19.

20.

2

—_

22.

Alexander NB. Gait disorders in older adults. ] Am Geriatr Soc.
1996;44:434-451. d0i:10.1111/5.1532-5415.1996.tb06417.x

Simonsick EM, Guralnik JM, Fried LP. Who walks? Factors associ-
ated with walking behavior in disabled older women with and without
self-reported walking difficulty. | Am Geriatr Soc. 1999;47:672-680.
doi:10.1111/5.1532-5415.1999.tb01588.x

Simonsick EM, Guralnik JM, Volpato S, Balfour J, Fried LP. Just get out
the door! Importance of walking outside the home for maintaining mo-
bility: findings from the women’s health and aging study. | Am Geriatr
Soc. 2005;53:198-203. doi:10.1111/7.1532-5415.2005.53103.x

Siltanen S, Portegijs E, Saajanaho M, et al. The combined effect of lower
extremity function and cognitive performance on perceived walking
ability among older people: a 2-year follow-up study. | Gerontol A Biol
Sci Med Sci. 2018;73:1568-1573. doi:10.1093/gerona/gly103

Siltanen S, Rantanen T, Portegijs E, et al. Association of tenacious goal
pursuit and flexible goal adjustment with out-of-home mobility among
community-dwelling older people. Aging Clin Exp Res. 2018:1-8.
doi:10.1007/s40520-018-1074-y

Freedman VA, Kasper JD, Spillman BC, et al. Behavioral adaptation and
late-life disability: a new spectrum for assessing public health impacts. Am
J Public Health. 2014;104:¢88-e94. doi:10.2105/AJPH.2013.301687
Freedman VA, Kasper JD, Spillman BC. Successful aging through suc-
cessful accommodation with assistive devices. | Gerontol B Psychol Sci
Soc Sci. 2016;72:300-309. doi:10.1093/geronb/gbw102

Minty M, Heinonen A, Leinonen R, et al. Construct and predictive val-
idity of a self-reported measure of preclinical mobility limitation. Arch
Phys Med Rehabil. 2007;88:1108-1113. doi:10.1016/j.apmr.2007.06.016

. Fried LP, Bandeen-Roche K, Chaves PH, Johnson BA. Preclinical mobility

disability predicts incident mobility disability in older women. | Gerontol
A Biol Sci Med Sci. 2000;55:M43-MS52. doi:10.1093/gerona/55.1.m43
Nahemow L, Lawton MP. Toward an ecological theory of adaptation and
aging. Environ Design Res. 1973;1:24-32.

Rantakokko M, Portegijs E, Viljanen A, Iwarsson S, Rantanen T. Task
modifications in walking postpone decline in life-space mobility among
community-dwelling older people: a 2-year follow-up study. | Gerontol
A Biol Sci Med Sci. 2017;72:1252-1256. doi:10.1093/gerona/glw348
Rantakokko M, Portegijs E, Viljanen A, Iwarsson S, Rantanen T. Mobility
modification alleviates environmental influence on incident mobility dif-
ficulty among community-dwelling older people: a two-year follow-up
study. PLoS One. 2016;11:¢0154396. doi:10.1371/journal.pone.0154396
Baker PS, Bodner EV, Allman RM. Measuring life-space mobility in
community-dwelling older adults. | Am Geriatr Soc. 2003;51:1610-1614.
doi:10.1046/5.1532-5415.2003.51512.x

Cardol M, de Haan R], de Jong BA, Van den Bos, Geertrudis AM,
de Groot IJ. Psychometric properties of the impact on participation and
autonomy questionnaire. Arch Phys Med Rehabil. 2001;82:210-216.
doi:10.1053/apmr.2001.18218

Rantakokko M, Iwarsson S, Hirvensalo M, Leinonen R, Heikkinen E,
Rantanen T. Unmet physical activity need in old age. | Am Geriatr Soc.
2010;58:707-712. doi:10.1111/j.1532-5415.2010.02792.x

. Rantanen T, Portegijs E, Viljanen A, et al. Individual and environmental

factors underlying life space of older people — study protocol and design
of a cohort study on life-space mobility in old age (LISPE). BMC Public
Health. 2012;12:1018. doi:10.1186/1471-2458-12-1018

Portegijs E, Iwarsson S, Rantakokko M, Viljanen A, Rantanen T.
Life-space mobility assessment in older people in Finland; measure-
ment properties in winter and spring. BMC Res Notes. 2014;7:323.
doi:10.1186/1756-0500-7-323

Portegijs E, Rantakokko M, Mikkola TM, Viljanen A, Rantanen T.
Association between physical performance and sense of autonomy in
outdoor activities and life-space mobility in community-dwelling older
people. | Am Geriatr Soc. 2014;62:615-621. doi:10.1111/jgs. 12763

. Radloff LS. The CES-D scale: a self-report depression scale for re-

search in the general population. Appl Psychol Meas. 1977;1:385-401.
doi:10.1177/014662167700100306

Folstein MEF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. |
Psychiatr Res. 1975;12:189-198.

610z 1snbBny ¢ uo Jasn Aseiqi| uiepy seoualog paljddy Jo Alisiaaiun ejAsenAr Ag 2S1075S/2/ LzIB/euolab/se0L 0L /10pAcBIISge-a]oiue-aoueApe/ABojojuoiabpawolg/wood dno olwspese)/:sdyy wolj papeojumoq



Journals of Gerontology: MEDICAL SCIENCES, 2019, Vol. XX, No. XX

23.

24,

25.

26.

27.

Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical perform-
ance battery assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing home admis-
sion. | Gerontol. 1994;49:M85-M94.

Liang K, Zeger SL. Longitudinal data analysis using generalized linear
models. Biometrika. 1986;73:13-22. d0i:10.1093/biomet/73.1.13

Baltes PB, Baltes MM. Psychological perspectives on successful aging:
the model of selective optimization with compensation. In: Baltes PB,
Baltes MM, eds. Successful Aging: Perspectives from the Behavioral
Sciences. Vol. 1. New York, NY: Cambridge University Press; 1990:1-34.
doi:10.1017/CBO9780511665684.003

Eronen J, von Bonsdorff MB, Térmikangas T, et al. Barriers to outdoor
physical activity and unmet physical activity need in older adults. Prev
Med. 2014;67:106-111. d0i:10.1016/j.ypmed.2014.07.020

Rantakokko M, Portegijs E, Viljanen A, Iwarsson S, Kauppinen M,
Rantanen T. Perceived environmental barriers to outdoor mobility
and changes in sense of autonomy in participation outdoors among

28.

29.

30.

31.

older people: a prospective two-year cohort study. Aging Ment Health.
2017;21:805-809. d0i:10.1080/13607863.2016.1159281

Rantakokko M, Iwarsson S, Portegijs E, Viljanen A, Rantanen T.
Associations between environmental characteristics and life-space mo-
bility in community-dwelling older people. | Aging Health. 2015;27:606—
621. doi:10.1177/0898264314555328

Weiss CO, Wolff JL, Egleston B, Seplaki CL, Fried LP. Incident preclinical
mobility disability (PCMD) increases future risk of new difficulty walking
and reduction in walking activity. Arch Gerontol Geriatr. 2012;54:¢329—
€333. doi:10.1016/j.archger.2011.08.018

Ramos-Pichardo JD, Cabrero-Garcia J, Gonzalez-Llopis L, et al. What do
older people understand by mobility-related difficulties? Arch Gerontol
Geriatr. 2014;59:122-130. doi:10.1016/j.archger.2014.02.003

Guralnik JM, Ferrucci L, Balfour JL, Volpato S, Di Iorio A. Progressive
versus catastrophic loss of the ability to walk: implications for the
prevention of mobility loss. | Am Geriatr Soc. 2001;49:1463-1470.
doi:10.1046/5.1532-5415.2001.4911238.x

610z 1snbBny ¢ uo Jasn Aseiqi| uiepy seoualog paljddy Jo Alisiaaiun ejAsenAr Ag 2S1075S/2/ LzIB/euolab/se0L 0L /10pAcBIISge-a]oiue-aoueApe/ABojojuoiabpawolg/wood dno olwspese)/:sdyy wolj papeojumoq



