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Association Between Accelerometer-Measured Physical
Activity and Mobility Limitations in Twins

Pia Pullinen,1 Jari Parkkari,1 Jaakko Kaprio,2 Henri Vähä-Ypyä,3 Harri Sievänen,3

Urho Kujala,1 and Katja Waller1
1Faculty of Sports and Health Sciences, University of Jyväskylä, Jyväskylä, Finland; 2Institute for Molecular Medicine Finland FIMM,

University of Helsinki, Helsinki, Finland; 3UKK Institute for Health Promotion Research, Tampere, Finland

Background: The associations between mobility limitations and device-measured physical activity are sparsely studied. In this
study, these associations are studied among community-dwelling older twins.Methods: This cross-sectional study utilized data
gathered in 2014–2016 for the MOBILETWIN study. Participants were twins born in Finland between 1940 and 1944 (774
participants, mean age 73 years). Physical activity was measured with a hip-worn accelerometer. Mobility limitations were
assessed with a questionnaire. Results: Individual-level analyses revealed that physical activity was associated with mobility
limitations. Participants with severe mobility limitations took 2,637 (SD = 1,747) steps per day, those with some mobility
limitations 4,437 (SD = 2,637) steps, and those without mobility limitations 7,074 (SD = 2,931) steps (p < .05). The within-twin
pair analyses revealed the same pattern for the 144 dizygotic twin pairs, but no associations were seen for the 117 monozygotic
twin pairs. Conclusions: Accelerometer-measured physical activity and mobility limitations were associated in community-
dwelling older adults. Genetic factors may explain some of the variations in physical activity. Significance: A personalized
exercise program to promote increased physical activity should be provided for older adults who report mobility difficulties.
Future research is needed to examine causality between physical activity and mobility limitations.

Keywords: device measurement, steps, mobility difficulties, genetics

Key Points

• There is an association between physical activity and mobility limitation among community-dwelling older adults.
• However, genetic factors may explain some of the variations in physical activity.

Physical activity helps individuals to maintain their mobility
and function and overall health (American College of Sports
Medicine et al., 2009). However, older adults tend to be physically
inactive, and only a few meet the current physical activity recom-
mendations (Sun et al., 2013). Low physical activity is a risk factor
for mobility limitation (Brown & Flood, 2013). Physical activity is
also a promising intervention to prevent mobility disability and
decrease mobility loss (Mankowski et al., 2017; Stathi et al., 2022).
The increasing number of older adults means that physical activity

(Sun et al., 2013) and mobility limitation (Musich et al., 2018) are
important topics in promoting healthy aging.

Physical activity is influenced by many factors, including
genetics. Twin studies comparing the similarity of monozygotic
and dizygotic twins have explained some of the variation in
physical activity as due to familial and genetic effects. Heritability
estimates based on twin and family studies have ranged widely
from minor genetic effects to high heritability (Kujala et al., 2020;
Stubbe et al., 2006; Zhang and Speakman, 2019). This wide
variation may result from differences in the measures of physical
activity used and sample sizes. Overall, there is evidence from both
twin and molecular genetic studies that genetic factors seem to be
associated with daily physical activity, and therefore, it is important
to be able to control for genetic factors when studying physical
activity and its associations with different health outcomes.

Mobility limitations are increasingly common in older adults,
and it has been estimated that about one third of older adults have
mobility limitations (Musich et al., 2018). Mobility limitations
increase mortality (Frith et al. 2017) and hospitalization (Musich
et al. 2018) and are also associated with decreased quality of life
(Groessl et al., 2007). In addition, mobility limitation has been
found to be a risk factor for falls (Mänty et al., 2010) and is often the
earliest sign of functional decline (Brown & Flood, 2013).
Although mobility limitations can be assessed in several ways,
most studies have favored self-report measures (Chung et al.,
2015). Moreover, self-report measures have been found to be
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predictive of mobility disability and are associated with perfor-
mance-based measures (Mänty et al., 2007; Sciamanna et al. 2023).

Previous studies have shown that low physical activity is
linked to mobility limitation (Glass et al., 2021; Jefferis et al.,
2015; Loprinzi et al., 2014; Mankowski et al., 2017; Paterson
and Warburton, 2010). These studies have measured physical
activity using a self-report questionnaire (Paterson and Warburton,
2010) or accelerometers (Glass et al., 2021; Jefferis et al., 2015;
Loprinzi et al., 2014; Mankowski et al., 2017). In accelerometer
studies, the variables commonly used to describe physical activity
are mean daily time spent on light physical activity and moderate-
to-vigorous physical activity. Sedentary behavior and daily step
counts have also been used. However, a limitation of these studies
has been the use of only a few physical activity variables to
describe physical activity in relation to mobility limitation. In
addition, the influence of genetic factors on the association between
physical activity and mobility limitation is relatively unknown.

The aim of this study was to assess the association between
accelerometer-measured physical activity and sedentary behavior and
self-reported mobility limitations. We are using a cotwin control study
design to control for shared genetic and childhood environmental
factors. Twin pairs share their childhood environment, andmonozygotic
twins are genetically identical at the sequence level, whereas dizygotic
twins share, on average, 50% of their segregating genes. We hypothe-
sized that participants without mobility limitations would be physically
more active than participants with mobility limitations. We also
hypothesized that genetic factors would explain some of the differences.

Methods
Study Participants

The study is based on the Older Finnish Twin Cohort and MO-
BILETWIN studies. For the Finnish Twin Cohort study, a nation-
wide sample of same-sex twin pairs born before 1958 with both
cotwins alive in 1975 was recruited (Kaprio et al., 2019). A health
questionnaire was sent to all twin candidates in 1975. The subse-
quent questionnaires were mailed in 1981 to the participating twins
who were alive and resident in Finland. In 1990, the questionnaire
was mailed to the participating twins born between 1930 and 1957.

TheMOBILETWIN study investigated a subcohort of twin pairs
born between 1940 and 1944 drawn from the Finnish Twin Cohort
data. Of these, only the twin individuals who had answered at least
one health questionnaire (1975 and/or 1981 and/or 1990) were
selected for the study (Waller et al., 2018). A total of 1,632 twin
individuals (816 complete twin pairs) who were both alive and
contactable were invited to participate in the MOBILETWIN study.
They were sent an invitation letter in which they chose whether to
participate in the health and cognition interview and/or physical
activity study, which comprised accelerometer monitoring for 1 week
and a physical functioning questionnaire. The inclusion and exclu-
sion criteria have been described in detail earlier (Waller et al., 2018).

The target group of the present study comprised those who had
participated in the accelerometer monitoring and completed the
whole physical functioning questionnaire, including information
on mobility limitations. The final sample comprised the twins with
data from all three sources: interview, accelerometer monitoring, and
questionnaire. Thus, 774 community-dwelling participants (279
monozygotic twin individuals, 447 dizygotic twin individuals, and
48 twin individuals of unknown zygosity), including 277 complete
same-sex twin pairs (117 monozygotic pairs and 144 dizygotic
pairs), were included in the analyses. The sample contained 374

(48.3%) men and 400 (51.7%) women. The data had been collected
from 2014 to 2016, starting with the oldest birth cohort.

Measurement of Physical Activity
and Sedentary Behavior

Physical activity was measured with a triaxial hip-worn acceler-
ometer (Hookie AM20, Traxmeet Ltd.). The accelerometer
together with instructions for its use was mailed to all the parti-
cipants who had given their written informed consent. Participants
were instructed to carry the device for 7 consecutive days during
waking hours and to remove it only when showering, swimming, or
bathing. After this, the accelerometer was mailed back in a prepaid
envelope to the UKK Institute for data analysis. Accelerometer
measurements were performed in a mean of 3.4 weeks (SD 5.5)
after the health and cognition telephone interview. The accelerom-
eter data were only included if the accelerometer had been worn for
at least 10 hr per day for 4 days. This criterion was met by 774 twin
individuals. On average, the participants wore the device for 6.7
(SD 0.6) days for about 14 hr per day (4 participants used it for
4 days, 44 for 5 days, 103 for 6 days, and 618 for 7 days). Nonwear
time was defined as the sum of all periods of at least 30 min of
consecutive zero acceleration.

The analyses of the raw accelerometer data were based on
validated algorithms that employed the mean amplitude deviation
of the resultant acceleration in 6-s epochs and the angle of posture
estimation of the body. Studies have shown that these metrics are
valid for analyzing raw triaxial data from different brands of
accelerometers. Together, these metrics provide about 90% accu-
racy in assessing the intensity, volume, and distribution of daily
physical activity and separating sedentary and stationary behaviors
(i.e., lying, sitting, and standing) from any physical activity
behavior (Vähä-Ypyä, Vasankari, Husu, Mänttäri et al., 2015;
Vähä-Ypyä, Vasankari, Husu, Suni, & Sievänen 2015, 2018).

Coincident mean amplitude deviation values and oxygen
consumption have shown a strong association during walking and
running on an indoor track (Vähä-Ypyä, Vasankari, Husu, Mänttäri
et al., 2015). Mean amplitude deviation values were converted to
metabolic equivalents (METs). The MET values were classified as
follows: 1.5–3 METs = light physical activity, 3–6 METs =moder-
ate physical activity, and >6 METs = vigorous physical activity.
Sedentary activities were defined as MET levels below 1.5 while
lying and sitting. Standing time was analyzed separately. Moder-
ate-to-vigorous physical activity was calculated by summing the
time spent in moderate and vigorous physical activity. Total
physical activity was calculated by summing the time spent in
light, moderate, and vigorous physical activity.

In this study, physical activity was described by the number of
mean daily steps, the mean daily MET, and number of sit-to-stand
transitions. Mean daily time spent in light physical activity,
moderate-to-vigorous physical activity, total physical activity,
standing, and sedentary behaviors was also determined. The mean
time of daily vigorous physical activity in this study group was very
low (0:00:58 hr:min:s, SD 0:04:00); therefore, vigorous and mod-
erate times have not been assessed separately. The mean dailyMET
was the average of daily average MET values. Sedentary behaviors
consisted of time spent lying and sitting.

Self-Reported Mobility Limitations

A structured questionnaire on physical functioning was used to
collect data on mobility limitations. The questionnaire was sent to
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the participants together with the accelerometer. Participants were
asked whether they had problems in walking 2 km and 0.5 km or
climbing one flight of stairs. These questions on mobility were
formulated as follows: “Do you have difficulty in : : : ” with the
response alternatives (a) able to manage without difficulty, (b) able
to manage with some difficulty, (c) able to manage with a great deal
of difficulty, (d) able to manage but only with help from someone,
and (e) unable to manage even with help from someone.

Mobility difficulties were further categorized into three sub-
groups: (a) no mobility limitations (able to manage without diffi-
culty), (b) some mobility limitations (able to manage with some
difficulty), and (c) severe mobility limitations or unable (able to
manage with a great deal of difficulty, able to manage but only with
help from someone, and unable to manage even with help from
someone). This subgrouping was based on a previously used
categorization (Mänty et al., 2007).

Background Characteristics

Participants were asked about their health-related issues in the health
and cognition telephone interview and physical functioning ques-
tionnaire. The questionnaire also asked about fall history (falls
during the previous 12months). Information on rheumatoid arthritis,
knee and hip osteoarthritis, claudication, and osteoporosis was also
collected by questionnaire along with self-reported physician-diag-
nosed diseases restricting mobility. The questionnaire also asked
about vision problems restricting mobility. The question on vision
problems was formulated as follows: “Do you have vision problems
that restrict your mobility?” The response alternatives were (a) no;
(b) yes, in low light; (c) yes, a little in good light; and (d) yes, a lot
in good light. Responses were dichotomized into two categories:
(a) no vision problems restricting mobility and (b) vision problems
restricting mobility (Alternatives b–d). Information on living ar-
rangements, which was also collected by a questionnaire, was
dichotomized into two categories: (a) alone and (b) with someone
(spouse, child, grandchild, sibling, relative, and someone else).
Telephone assessment of dementia (Gatz et al., 2002), was used
to collect data on cognition. Bodymass index, which has been found
to show good validity in this cohort (Tuomela et al., 2019), was
calculated using self-reported data on weight and height.

Ethics

The MOBILETWIN study was approved by the Ethics Committee
of the Hospital District of Southwest Finland on May 2014. Data
were collected in accordance with the Declaration of Helsinki. All
participants gave their written informed consent prior to enrollment
in the study.

Statistical Analyses

Data analyses were conducted using IBM SPSS Statistics (version
26) and Stata IC (version 16). Participants’ characteristics were
described using means and SD or numbers and percentages.

Linear regression models were used in the individual-level
analyses, in which the twins were treated as individuals. As the
results for members of a twin pair may be correlated due to shared
genes and environmental factors, a robust estimator of variance (the
cluster option in Stata) was used. Within-twin pair analyses were
done for all pairs together (monozygotic pairs, dizygotic pairs, and
pairs with unknown zygosity together), and monozygotic or dizy-
gotic pairs were also analyzed separately. In total, 447 dizygotic
individuals (144 pairs) and 279 monozygotic individuals (117

pairs) were studied. Within-twin pair analyses were estimated
using fixed-effects linear regression. For details on the use of such
models in twin studies, see the paper by Rose et al. (2022).

For the regression analyses, two models were created. Model 1
was adjusted for age and sex (results not shown as Model 2 yielded
similar but slightly attenuated results). Model 2 was further adjusted
for body mass index, living arrangements, self-reported vision pro-
blems, diagnosed diseases restricting mobility, telephone assessment
of dementia score, nonfaller/faller, and self-reported disease (rheu-
matoid arthritis, knee osteoarthritis, hip osteoarthritis, claudication,
and/or osteoporosis). Regression coefficients with 95% confidence
intervals for mobility limitation according to the accelerometer data
on physical activity and sedentary behavior were reported. In the
within-twin pair analyses, age and sex were naturally controlled for as
the twins were of the same age and same sex.

To examine differences in physical activity between the three
mobility limitation groups, Sidak’s multiple comparison test was
used. Wilcoxon signed-rank test was used in additional analyses
when analyzing pairwise differences among twin pairs discordant
for self-reported mobility limitations. Discordance was defined as
one twin having any kind of difficulty in walking 2 km and/or
0.5 km and/or climbing up one flight of stairs while their cotwin did
not have any kind of problems in those activities.

Results
The basic characteristics of the study sample bymobility limitation are
shown in Table 1. Mean participant age was 73 years, and 52% of
participants were women. Of the 774 participants, 602 reported no
mobility limitations, 130 participants reported having some problems,
and 42 participants reported severe problems in walking 2 km and/or
0.5 km and/or climbing one flight of stairs. The group without
mobility limitations had lower mean body mass index, fewer self-
reported physician-diagnosed diseases, fewer vision problems restrict-
ing mobility, and fewer cases of rheumatoid arthritis, knee and hip
osteoarthritis, and claudication than those with some or severe
limitations. At least one fall during the previous 12 months was
reported by 118 (15%) participants. The group with severe mobility
limitations contained the highest proportion (31%) of fallers compared
with the groups with some (21%) or no (13%) mobility limitations.

Across all participants, sedentary time (mean 8:54:52) ac-
counted for most of their total daily activities, with much less time
spent in light or moderate-to-vigorous activity (Supplementary
Table S1 [available online]). Physical activity and mobility limita-
tion showed a clear association. Participants who reported no
mobility limitations were more physically active than those report-
ing mobility limitations (Figure 1).

Physical Activity and Mobility Limitation:
Individual-Level Analyses

The individual-level linear regression analyses (Model 2) revealed that
mean daily steps, light physical activity, moderate-to-vigorous physi-
cal activity, total physical activity, sedentary behavior, standing, mean
daily MET, and sit-to-stand transitions were statistically significantly
associated with severe mobility limitation when compared with no
mobility limitations, whereas having some mobility limitations was
only associated with mean daily steps, moderate-to-vigorous physical
activity, total physical activity, mean daily MET, and sit-to-stand
transitions. For example, those who reported severe mobility limita-
tions took 2,637 (SD = 1,747) steps per day, those with somemobility
limitations took 4,437 (SD = 2,637) steps per day, and those without
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mobility limitations took 7,074 (SD = 2,931) steps per day. The
reference level in all analyses was no mobility limitation (Table 2).

Physical Activity and Mobility Limitation:
Within-Twin Pair Analyses

In the within-twin pair linear regression analyses among all twins
(Model 2, Table 2), all measured activity and sedentary variables
were statistically significantly associated with severe mobility
limitations when compared with no mobility limitations. When
comparing some mobility limitations with no mobility limitations,
moderate-to-vigorous physical activity was the only statistically
significantly associated variable. In the dizygotic twins, mean daily
steps, moderate-to-vigorous physical activity, total physical activ-
ity, mean daily MET, and sit-to-stand transitions were statistically
significantly associated with severe mobility limitations, but no
associations were seen with having some mobility limitations. In
the monozygotic twins, no associations were observed between any
physical activity variable and either level of the mobility limita-
tions. For example, in dizygotic twins, those who reported severe
mobility took 2,575 (SD = 1,480) steps per day, those with some
mobility limitations took 4,526 (SD = 2,707) steps per day, and
those without mobility limitations took 7,085 (SD = 2,974) steps
per day. In monozygotic twins, the steps were 2,288 (SD = 1,476),

4,493(SD = 2,845), and 7,029(SD = 2,993), respectively. No
mobility limitation was the reference level in all analyses (Table 2).

Additional analyses among 87 twin pairs discordant for
mobility limitation showed similar results between all physical
activity variables (Supplementary Table S2 [available online]).
Statistically significant results were found among discordant dizy-
gotic twin pairs in all physical activity variables (p < .05). Among
monozygotic twin pairs, there was a statistically significant differ-
ence only in the mean daily MET variable.

Discussion
This study of Finnish community-dwelling older twins in their 70s
indicates that self-reported mobility limitations are associated with
accelerometer-measured physical activity and sedentary behavior.
Participants with mobility limitations were less physically active
than those without mobility limitations. This was found for all
physical activity variables (mean daily steps, light physical activity,
moderate-to-vigorous physical activity, total physical activity,
standing, mean daily MET, and sit-to-stand transitions) in all
mobility limitation groups, that is, no limitations, some limitations,
and severe limitations. Participants with mobility limitations also
engaged in more sedentary behavior than those without mobility
limitations when all the participants were considered as

Table 1 Characteristics of Study Cohort by Mobility Limitation Level

Variable
No mobility limitations

n= 602 (77.8%)
Some mobility limitations

n= 130 (16.8%)
Severe mobility limitations

n= 42 (5.4%)

Sex, n (%)

Men 301 (80.5) 56 (15.0) 17 (4.5)

Women 301 (75.3) 74 (18.5) 25 (6.3)

Age (years), mean (SD) 72.9 (1.0) 72.9 (0.9) 72.8 (1.1)

BMI (kg/m2), mean (SD) 25.4 (3.2) 28.5 (4.5) 29.3 (6.1)

Living arrangements, n (%)

Alone 144 (23.9) 40 (30.8) 16 (38.1)

With someone 458 (76.1) 90 (69.2) 26 (61.9)

Self-reported physician-diagnosed disease re-
stricting mobility, n (%)

Yes 69 (11.6) 78 (60.9) 33 (80.5)

No 525 (88.4) 50 (39.1) 8 (19.5)

Self-reported vision problems restricting
mobility, n (%)

Yes 45 (7.5) 24 (18.6) 12 (28.6)

No 557 (92.5) 105 (81.4) 30 (71.4)

Self-reported diseases, n (%)

Rheumatoid arthritis 17 (2.8) 14 (10.8) 7 (16.7)

Knee osteoarthritis 85 (14.1) 59 (45.4) 15 (35.7)

Hip osteoarthritis 25 (4.2) 22 (16.9) 9 (21.4)

Claudication 13 (2.2) 11 (8.5) 5 (11.9)

Osteoporosis 36 (6.0) 12 (9.2) 4 (9.5)

TELE score, mean (SD) 19.0 (1.2) 18.7 (1.4) 19.1 (1.3)

Nonfaller and faller, n (%)

Nonfaller 516 (86.6) 99 (79.2) 27 (69.2)

Faller 80 (13.4) 26 (20.8) 12 (30.8)

Note. Living arrangements: alone or with someone, for example, spouse, child, grandchild, sibling, relative, or someone else. TELE score range 0–20; higher scores indicate
better cognition. BMI = body mass index; TELE = telephone assessment of dementia.
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individuals. In the dizygotic pairs, within-pair associations were
similar, whereas in the monozygotic pairs, they were strongly
attenuated.

Our results are in line with those reported by earlier studies of
accelerometer-measured physical activity (Glass et al., 2021;
Jefferis et al., 2015; Loprinzi et al., 2014; Mankowski et al.,
2017). Glass et al. (2021) studied the association between light
physical activity and incident mobility disability among older
women and found that increased time spent in light physical
activity was associated with reduced incident mobility disability.
Jefferis et al. (2015) examined the association between physical
activity and falls and also the modifying effect of mobility limita-
tion. Analysis of their cross-sectional data set revealed that men
with mobility limitations were less active than men without
mobility limitations. The cross-sectional cohort study by Loprinzi
et al. (2014) included both men and women. They found that those
with mobility limitations, compared with those without, engaged in
less light physical activity and moderate-to-vigorous physical
activity and had more sedentary time. In their follow-up study,
Mankowski et al. (2017) examined the association between accel-
erometer-measured physical activity and the incidence of major
mobility disability and persistent major mobility disability. They
found that steps and sedentary behavior were associated with both
mobility disability incidences. Our cohort, in turn, included both
sexes, and we assessed physical activity with a more comprehen-
sive set of variables (mean daily steps, light physical activity,
moderate-to-vigorous physical activity, total physical activity,
standing time, mean daily MET, and sit-to-stand transitions) as
well as sedentary behavior.

Previous studies have been conducted with individuals,
whereas our sample consisted wholly of twins. This data set
allowed us to control for genetic factors in addition to conducting
analyses on twin individuals. The within-twin pair analyses of the
dizygotic twin data yielded similar associations between physical
activity and severe mobility limitation as was seen in individual-
level analysis, although the effect size was somewhat weaker. The
monozygotic twin data showed that the association and effect sizes
of any physical activity variable with any mobility limitation level
were markedly attenuated. This can be also seen in our pairwise
analyses comparing twins discordant for self-reported mobility
limitations (Supplementary Table S2 [available online]). Our
results resemble previous findings on self-reported fitness and
device-measured physical activity profiles. The physical activity
differences between the members of monozygotic pairs were
smaller than those between the members of dizygotic pairs
(Waller et al., 2019). As shown previously, genetic factors may
explain some of these variations in physical activity (Kujala et al.,
2020; Stubbe et al., 2006; Zhang and Speakman, 2019), which can
explain our results that differences were not seen in the associations
among monozygotic twins. It should be noted that the present
monozygotic twin sample size was rather small.

In this study, 22% of the participants reported difficulty in
walking 2 km and/or 0.5 km and/or climbing one flight of stairs. In
previous studies, around 30% of participants (range 22.5%–46.7%)
have had mobility difficulties (Musich et al., 2018). Our lower
prevalence of mobility limitations may partially result from our
methods of assessment. However, questionnaires have previously
been found to be associated with performance-based measures
(Mänty et al., 2007; Sciamanna et al. 2023). Overall, assessment
methods have varied. Sex also has an influence on the incidence of
mobility limitation: Women have reported more mobility difficul-
ties than men (Loprinzi et al., 2014). In our study, 58% of the

participants who reported mobility limitations were women and
42% men. This distribution resembles that found by Loprinzi et al.
(2014). Furthermore, our participants were relatively young com-
munity-dwelling older adults who probably had relatively good
functional ability.

The group of participants with mobility limitations contained
more fallers than the group without mobility limitations. This result
is similar to other studies (Jefferis et al., 2015; Musich et al., 2018).
The difference in physical activity between nonfallers and fallers
who did not need fall-related healthcare was, however, minor. This
indicates that physical activity did not necessarily decrease because
of the fall. However, physical activity was lower among the fallers
who needed health care (results not shown). This could be a result
of the fall, possibly an injury, or fear of falling (Jefferis et al., 2014),
or their physical activity may have already been low before the fall.
Participants with mobility limitations reported relatively more
often mobility-restricting physician-diagnosed diseases and rheu-
matoid arthritis, knee and hip osteoarthritis, claudication, and
osteoporosis, any of which may have affected their physical
activity. An association has been found between mobility-restrict-
ing physician-diagnosed diseases and physical activity and also
between common chronic diseases and physical activity (Kujala
et al., 2019).

Limitations and Strengths

One limitation of the study is the cross-sectional design as it does
not allow us to draw any conclusions about the direction of
causality. Notably, the participants who reported mobility limita-
tions also reported more mobility-restricting physician-diagnosed
diseases, rheumatoid arthritis, knee and hip osteoarthritis, claudi-
cation, and osteoporosis. Although we adjusted our analyses with
several covariates, we were unable to take all the possible con-
founding factors, such as socioeconomic status and pain, into
account. Although accelerometers have been found to be valid
and objective tools for measuring physical activity (Vähä-Ypyä,
Vasankari, Husu, Mänttäri et al., 2015, Vähä-Ypyä, Vasankari,
Husu, Suni, & Sievänen 2015, 2018) that overcome many of the
limitations of self-report data (Evenson et al., 2011), they have their
limitations (Evenson et al., 2011; Schrack et al., 2016), including a
limited ability to detect specific types of nonimpact activities like
cycling, swimming, and yoga (Schrack et al., 2016). However, as
walking is the most popular type of physical activity among older
adults (Chaudhury et al., 2016), we considered it reasonable to
assume that our participants’ physical activity primarily consisted
of walking rather than nonimpact activities. Using absolute inten-
sity cut points corresponding to 3 METs and 6 METs may not
accurately reflect the perceived activity levels of older adults and
might potentially lead to underestimation of time spent in moderate
and vigorous physical activity among older adults (Vähä-Ypyä
et al., 2022). However, these absolute cut points have been used in
most studies and enable comparisons across different population
groups and different studies. Notably, most of the participants were
born during World War II. This may have affected nutrition of
participants and their mothers. Maternal undernutrition during
gestation (De Rooij et al., 2022) and undernutrition in early life
(De Sanctis et al., 2021) might have an effect on health in later life.

To our knowledge, this is the first study to examine the
association between accelerometer-measured physical activity and
self-reported mobility limitation in older twins, which enabled us to
appraise genetic influences. Another strength of this study is the use
of an accelerometer to measure physical activity as self-report
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physical activity questionnaires may not yield reliable and valid
outcomes (Silsbury et al., 2015). Accelerometers enable valid
measurement of several attributes of physical activity and seden-
tary behavior (Vähä-Ypyä, Vasankari, Husu, Mänttäri et al., 2015,
Vähä-Ypyä, Vasankari, Husu, Suni, & Sievänen 2015, 2018).
Mobility limitations can be assessed in various ways, including
questionnaires (Chung et al., 2015). Subjective self-reported diffi-
culty has been found to be a valid and reliable method for
ascertaining mobility limitations (Brown & Flood, 2013). The
present questionnaire included items on three mobility tasks
(walking 2 km, walking 0.5 km, and climbing one flight of stairs).
This structured questionnaire has been found to be a valid measure
of mobility (Mänty et al., 2007). In addition, the present sample
size was relatively large and representative of both sexes.

Conclusions
This study provided cross-sectional evidence of an association
between physical activity and mobility limitation among commu-
nity-dwelling older adults. Older adults who report mobility diffi-
culties should be offered personalized physical activity guidance
and programs to prevent the progress of mobility limitations.
Future research is needed to examine causality between physical
activity and mobility limitations and between sedentary behavior
and mobility limitations.
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