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ABSTRACT
Background: Understanding the association between motor capacity (MC) (what people can
do in a standardized environment), mobility performance (MP) (what people actually do in reallife) and falls is important for early detection of and counteracting on functional decline,
particularly in the rapidly growing population of young seniors. Therefore, this study aims to
1) explore the association between MC and MP, and between MC and falls, and 2) investigate
whether challenging MC measures are better associated with MP and falls than basic MC
measures.
Methods: Basic (habitual gait speed, Timed Up-and-Go) and challenging (fast gait speed,
Community Balance & Mobility Scale) MC measures were performed in 169 young seniors
(61-70 years). MP was assessed using one-week sensor-monitoring including time being
sedentary, light active, and at least moderately active. Falls in the previous six months were
reported. Associations and discriminative ability were calculated using correlation, regression
and receiver operating curve analysis.
Results: Mean age was 66.4 (SD 2.4) years (50.6% women). Small to moderate associations
(r=0.06-0.31; p<.001 to.461) were found between MC, MP and falls. Challenging MC measures
showed closer associations with MP and falls (r=0.10-0.31; p<.001 to .461) compared to basic
(r=0.06-0.22; p=.012 to .181), remained significant in three out of four regression models
explaining 2.5-8.6% of the variance, and showed highest discriminative ability (area under the
curve=0.59-0.70) in all analyses.
Conclusions: Challenging MC measures are closer associated with mobility performance and
falls as compared to basic MC measures in young seniors. This indicates the importance of
applying challenging motor capacity assessments in young seniors. On the same note, small to
moderate associations imply a need for an assessment of both MC and MP in order to capture
the best possible MC and the actual daily-life MP in young seniors.
Keywords: physical activity, gait, falls, aged
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1. BACKGROUND
Understanding the association between what people are physically able to do during a specific
assessment in a standardized environment and what people actually do in their daily life is
important in order to develop specific mobility assessments and tailored interventions to prevent
functional decline. The International Classification of Function, Disability, and Health (ICF)
defines what a person can do in a standardized environment, e.g. in the lab, as ‘motor capacity’
(MC), and in contrast, what a person actually does in his or her current, everyday environment
as ‘mobility performance’ (MP) (WHO 2001). Mobility performance includes different
activities such as different ways of locomotion (e.g. walking, running, hiking or climbing),
transfers (e.g. lie-to-sit or sit-to-stand) or leisure activities (Lamb and Keene 2017, WHO
2001,). If the two constructs were highly associated, MC measures could be used as predictors
for MP. In addition, if a causal relationship exists, improving a person’s MC would result in
increased MP.
Previous studies have shown that basic MC measures such as the Timed Up-and-Go (TUG) or
habitual gait speed are moderately correlated (r=0.42-0.50) with objective MP measures such
as the number of steps taken (Giannouli and others 2016) or the distance walked (Callisaya and
Verghese 2018) in real-life. A causal relationship has been reported showing that an increase
in MC is related to increases in MP (Potter and others 2011). Moreover, reduced MC is also
linked to falls (Callisaya and Verghese 2018; Tinetti and others 1994).
Current studies are restricted to older adults above the age of 70 years, often with functional
limitations or chronic diseases (Callisaya and Verghese 2018; Giannouli and others 2016;
Gijbels and others 2010; Rapp and others 2012; van Lummel and others 2015). In contrast,
studies exploring the relationship in relatively fit young seniors are lacking. However,
understanding the relationship in young seniors becomes more and more important, as this
population is growing rapidly (baby boomer generation). The proportion of people older than
60 in the world population is projected to rise from 12.3% in 2015 to 21.5% in 2050 (United
4

Nations 2004). A detailed understanding of the capacity-performance relationship may allow
the design of specific assessments for detecting early decline in MC and its impact on MP (and
vice versa). This in turn may allow specific interventions to be developed for preventing early
decline in capacity, performance and falls in young seniors.
However, in young seniors, other MC and MP parameters could be more distinctive as
compared to in older seniors. From a capacity perspective, challenging capacities such as fast
walking or dynamic stability may be more relevant, as these functions generally decline
substantially in the 7th decade (Choy and others 2003; Era and others 2006; Isles and others
2004). In contrast, basic capacity such as normal walking speed may have limited relevance in
young seniors (Schoene and others 2013). Likewise, from a performance perspective, young
seniors’ everyday life is likely characterized by a larger amount of physically challenging, more
vigorous daily activities such as gardening, outdoor hiking on uneven surfaces, leisure
activities, running a short distance to catch a bus, or doing the housework such as carrying a
laundry basket while climbing a flight of stairs (Hirvensalo and Lintunen 2011). Executing such
challenging daily activities requires advanced capacities such as fast walking, running, dynamic
balance, etc. Challenging MC measures may therefore be closer associated with everyday MP
in young seniors as compared to basic MC measures typically used in older adults and geriatric
patients.
In this study, we systematically 1) explored the association between MC and MP, as well as
between MC and falls, in young seniors, and 2) investigated whether challenging MC measures
are better associated with MP and falls compared to basic MC measures in this target
population.

2. METHODS
2.1.Study design
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This study was a cross-sectional analysis in a sample of community-dwelling young seniors
aged 61 to 70 years (Coni and others 2019; Gordt and others 2018; Taraldsen and others 2019;
Weber and others 2018). Participants were recruited as part of the EU project PreventIT in
Germany (Robert-Bosch Hospital Stuttgart), the Netherlands (Vrije Universiteit Amsterdam),
and Norway (Norwegian University of Science and Technology Trondheim). PreventIT was a
three-year project aiming to develop and evaluate the feasibility of a new activity program for
young seniors. Baseline data from the PreventIT feasibility RCT (collected from April 2017 August 2017) were used in the current study. Participants were recruited via mail out after a
random draw from local registry data. Inclusion criteria for the PreventIT feasibility RCT were
being retired or not working more than 50%, being able to walk 500m without a walking aid,
and no cognitive impairment (Montreal Cognitive Assessment (MoCA) (Nasreddine and others
2005) ≥ 24 points). Exclusion criteria were being too active (moderate-intensity physical
activity ≥ 150 min/week in the previous three months), current participation in an organised
exercise class (> once/week), and severe cardiovascular, pulmonary, neurological, or mental
diseases. Further details are published elsewhere (Taraldsen and others 2019). All participants
provided written informed consent prior to participation. Ethical approval was obtained from
the respective local institutional review board at each site and was in agreement with the
Declaration of Helsinki.

2.2 Measures
Descriptive data including age, sex, body mass index (BMI), and cognitive status (Montreal
Cognitive Assessment) were collected.

2.2.1 Motor capacity measures
For assessing MC, the focus was on two aspects of MC, mobility capacity in general and gait
capacity in particular. MC measures were categorized as ‘challenging’ according to the two
6

main pressure conditions for coordinative abilities, time and precision pressure (Neumaier
1999). Time pressure is defined as executing the specific task as fast as possible, precision
pressure as accurate as possible (Neumaier 1999). Measures without time or precision pressure
were classified as ‘basic’ MC measures.

2.2.1.1 Basic motor capacity measures
Basic gait capacity (habitual gait speed) was assessed according to the InChianti gait assessment
guidelines (Rydwik and others 2012). Time required to walk a distance of 7 meters at habitual
speed was recorded using a stopwatch (m/s).
Basic mobility capacity was assessed using the Timed Up-and-Go (TUG). The TUG assesses
functional ability by asking the participant to stand up from a chair (height 45 cm), walk 3
meters at a comfortable and safe pace, turn around, walk back to the chair, and sit down
(Podsiadlo and Richardson 1991). The time to complete the test was recorded with a stopwatch
(s).

2.2.1.2 Challenging motor capacity measures
Challenging gait capacity (fast gait speed) was assessed using the same procedure as for
assessing basic gait capacity (Rydwik and others 2012). Time pressure was added by asking for
the fastest possible execution, without running.
Challenging mobility capacity was assessed using the Community Balance & Mobility Scale
(CBM), a performance-based measure including 13 challenging balance and mobility task
related to daily activities, such as ‘Hopping Forward’, ‘Crouch and Walk’, ‘Running with
Controlled Stop’, ‘Forward to Backward Walking’, ‘Walk, Look & Carry’, and ‘Descending
Stairs’ (Gordt and others 2018; Howe and others 2006; Weber and others 2018). Both time and
precision pressure were exerted on the participants in all items, time pressure as the fastest
possible execution, precision pressure as the most accurate execution, such as reaching a
7

predefined line with each step. Each item can be scored from 0 to 5 (+ 1 point for descending
stairs while carrying a basket) leading to a maximum of 96 points with higher scores indicating
better performance. A full description of the CMB is reported in previous publications (Gordt
and others 2018; Howe and others 2006; Weber and others 2018).

2.2.2. Mobility performance measures
There are different methods for assessing everyday mobility performance (Lamb and Keene
2017). In line with previous studies objectively assessing MP (Giannouli and others 2018;
Jansen and others 2019), data were collected with a wearable sensor (Axivity devices) with a
3D accelerometer sampling at 100Hz worn by the participants on the lower back for one week.
Participants were instructed to wear the devices for seven days, during both day and night. An
activity classification software was used to extract quantitative features of

mobility

performance from the raw data. The Metabolic Equivalents (METs) were estimated based on
an algorithm described previously (Sasaki and others 2011). The ‘percentage (%) of sedentary
time’ (≤ 1.5 MET), ‘% of light active time’ (1.5-3.0 MET), and ‘% of at least moderate active
time’ (> 3.0 MET) were analysed with respect to the total time recorded awake. If the MET was
≤ 1.5 MET and the angle between the vertical axis of the trunk and the horizontal plane was <
30°, the interval was labelled as ‘percentage (%) of lying time’ (Mansoubi and others 2015).
Using this approach, enables to capture a wide range of everyday mobility performance
described by the WHO (2001) such as different transfers, walking or running, climbing stairs
or leisure activities.

2.2.3 Falls
Falls were assessed using a standardized question whether the participant had fallen at least
once in the past six months (yes/no). Falls were defined as an event which results in a person
coming to rest unintentionally on the ground or other lower level (Tinetti and others 1988).
8

2.3 Statistical analysis
Participants’ characteristics were summarized as mean and standard deviation (SD) for
continuous measures and number and percentage for dichotomous measures.
To investigate the association between MC and MP and MC and falls, respectively, Spearman
correlation coefficients were calculated between each MC measure and each MP measure, and
point-biserial correlation coefficients between each MC measure and falls. Correlation
coefficients of r≤0.25 were classified as small, 0.25-0.50 as moderate, 0.50-0.75 as good and
≥0.75 as excellent (Portney and Watkins 2000)
Linear stepwise regressions adjusted for age, gender and BMI were performed to test the
associations between all MC measures and each MP measure using an analytical approach
applied previously (Sun and others 1996). Logistic backward regression adjusted for age,
gender and BMI was performed to assess the association between all MC measures and previous
falls using the likelihood ratio method (Field 2013). Backward regression was applied in order
to prevent suppressor effects which means that a predictor has a significant effect but only when
another variable is held constant (Field 2013). For all regression models, p=0.10 was used as
inclusion criterion.
The discriminative ability of the basic and challenging MC measures on each MP measure and
falls was assessed using the area under the receiver operating characteristic curve (AUC) with
95% confidence interval (CI). Median split was used to divide the participants into high- and
low-performers based on each MP measure. Statistical significance was determined using an
alpha level of 0.05. All statistics were performed using IBM SPSS Statistics (Version 24.0;
IBM Inc., New York, USA).

3. RESULTS
9

3.1 Descriptive results
Within the PreventIT cohort (Taraldsen and others 2019), 169 participants (Amsterdam: n=59,
Stuttgart: n=59, Trondheim: n=51) performed all MC and MP measures included in this study.
The mean age was 66.4 (SD 2.4) years of age and 90 (50.6%) participants were female. Twentyseven participants (14.55%) reported experiencing at least one fall in the previous six months.
TUG values ranged from 5.7-16.0 sec indicating a heterogeneous sample of young seniors
ranging from high functioning to functional impaired. Average habitual gait speed was above
the norm values for this age group indicating that most participants in our study were high
functioning (Beauchet and others 2017). On average, participants spent 37.9% lying, 46.0%
sedentarily, 16.2% actively, and 5.7% at least moderate actively. Descriptive results are shown
in Table 1.

Table 1: Descriptive characteristics of the study participants (n=169)
Mean/n

Standard
Deviation
/%

Minimum
Score

Maximu
m
Score

66.4

2.4

61

70

90

50.6

Body Mass Index (kg/m2)

27.3

4.7

17.8

42.8

Montreal Cognitive Assessment (0-31)

27.1

1.9

24

31

Habitual gait speed (m/s)

1.48

0.23

0.70

2.42

Timed Up and Go Test (sec)

8.6

1.5

5.7

16.0

Fast gait speed (m/s)

1.97

0.43

0.79

3.25

Community Balance & Mobility Scale (0-96 points)

64.9

12.5

17

90

% of sedentary time

46.0

6.5

23.8

66.1

% of light active time

16.2

4.5

4.1

27.2

% of at least moderate active time

5.7

2.6

0.5

12.5

Age (years)
Sex (women; n, %)

Motor Capacity Measures

Mobility Performance Measures*

Falls
10

Faller (n, %)

27

14.5

*‘percentage’ of lying time in order to add up to 100%: mean: 37.9; standard deviation: 5.1; minimum: 22.8;
maximum: 56.0

3.2 Correlations
Correlations between MC, MP and falls ranged from r=0.06-0.31 (p<.001 to .461) (Table 2),
with generally stronger correlations found between the challenging MC measures and MP
measures and falls (r=0.10-0.31; p<.001 to .461) compared to the basic MC measures and MP
measures and falls (r=0.06-0.22; p=.012 to .181).

Table 2: Correlations between motor capacity measures, mobility performance measures and
falls (r: Spearman correlation coefficients; *p<0.05; bold: strongest correlation for each
mobility performance measure and falls)

Motor Capacity Measures
Basic

Challenging

Gait

Mobility

Gait

Mobility

Capacity

Capacity

Capacity

Capacity

% of sedentary time

-0.11

0.11

-0.11

-0.16*

% of light active time

0.12

-0.14

0.15*

0.18*

% of at least moderately active time

0.23*

-0.13

0.31*

0.21*

0.06

-0.26*

-0.16*

Mobility Performance Measures

Falls
Faller

-0.14
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3.3 Regression
Multivariate regression analyses confirmed our hypothesis that challenging MC measures were
stronger associated with the MP measures and falls than basic MC measures. No basic MC
measure remained significant in the regression models (Table 3). In three out of four regression
models, the challenging MC measure, particularly the challenging gait capacity, remained
significant explaining 2.5-8.6% of the variance (Table 3). For the percentage of sedentary time,
no MC measure remained significant in the final model.
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Table 3: Multiple stepwise regression of the motor capacity measures on mobility performance
and falls (adjusted for age, gender and body mass index)

% of sedentary time

∆R²

(constant)
age
gender
BMI

B

SEB

β

t

p

2.32

.021

33.69

14.51

.12

.20

.05

.59

.558

-2.36

.98

-.18

-2.42

.017

.30

.11

.21

2.78

.006

B

SEB

β

t

p

2.77

.006

total R² = .071 (N = 169; p = .002)
% of light active time

∆R²

(constant)

26.18

9.45

age

-.13

.13

-.07

-1.00

.321

gender

2.53

.64

.28

3.95

<.001

BMI

-.32

.07

-.33

-4.67

<.001

.02

.01

.17

2.33

.021

B

SEB

β

t

p

(constant)

7.06

5.51

1.28

.202

age

-.05

.08

-.04

-.62

.538

gender

1.19

.37

.23

3.19

.002

BMI

-.14

.04

-.25

-3.38

.001

.02

.00

.31

4.25

<.001

B

SEB

OR

95% CI

-.05

.09

.96

.80; 1.14

.622

.52

.48

1.69

.66; 4.34

.278

-.03

.05

.97

.88; 1.07

.503

-.02

.01

.98

.97; 1.00

.006

fast gait speed

.021

total R² = .223 (N =169; p = .021)
% of at least moderately

∆R²

active time

fast gait speed

.086

total R² = .201 (N =169; p < .001)

Faller / Non-Faller

∆R²

age
gender
BMI
fast gait speed

0.080

p

total R² = .121 (N =169; p < .001)

3.4 ROC-analyses
The AUCs of the basic and challenging MC measures discriminating between high/low
performers and faller/non-faller ranged between 0.39 and 0.70 (Table 4, Figure 1). Descriptive
results showed that higher AUCs were found for the challenging MC measures (AUC=0.5713

0.70) compared to the basic MC measures (AUC=0.39-0.61). In all analyses, the highest AUCs
(0.59-0.70) were found for a challenging MC measure.

Table 4: Area under the curve (AUC) for all motor capacity measures
Motor Capacity Measures
Basic

Challenging

Gait

Mobility

Gait

Mobility

Capacity

Capacity

Capacity

Capacity

AUC

AUC

AUC

AUC

(95% CI)

(95% CI)

(95% CI)

(95% CI)

0.58

0.42

0.59

0.57

(0.51; 0.68)

(0.33; 0.50)

(0.51; 0.68)

(0.48; 0.65)

0.56

0.43

0.60

0.60

(0.47; 0.65)

(0.34; 0.52)

(0.51; 0.68)

(0.51; 0.68)

0.61

0.39

0.66

0.62

(0.53; 0.70)

(0.30; 0.47)

(0.58; 0.75)

(0.53; 0.70)

0.61

0.46

0.70

0.63

(0.50; 0.73)

(0.34; 0.57)

(0.60; 0.80)

(0.51; 0.74)

Mobility Performance Measures
% of sedentary time

% of light active time

% of at least moderately active time

Falls
Faller / Non-Faller

14

Figure 1: Receiver operating curves for the discriminative ability of the motor capacity
measures
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4. DISCUSSION
Overall, we found small to moderate, but significant associations between capacity,
performance and falls in young seniors, depending on the measures and outcomes used. The
association found between MC measures and MP measures indicated that the MC measures
obtained under laboratory conditions provides little information about everyday MP. This
finding is in line with the studies in older adults, although the correlations found in our young
senior sample were lower (r=0.06-0.31) as compared to findings in older adults (r=0.01-0.69)
(Callisaya and Verghese 2018; Giannouli and others 2016; Spartano and others 2019). We
speculate that this is related to our population of young seniors, which was for the greater part
high functioning as shown by an average habitual gait speed of 1.48 m/s. Previous studies found
similar functional values in those 60 and 70 years of age (Schwenk and others 2019).
Our subjects’ MP may be influenced by many factors described in the literature such as
individual factors (e.g. personality or attitudes) or external factors (e.g. social support or
walkability of the neighborhood) (Benzinger and others 2014; Carlson and others 2012). All
these factors explain parts of the variance of everyday mobility performance. However, in this
study, we were not focusing on all of these factors, but on the specific factor ‘motor capacity’.
The group of young seniors shows a diverse lifestyle leading to a wide range of factors
accounting for MP and falls (Patterson and Pegg 2009). This may be different in frail older
adults who tend to have less interindividual differences and where existing impairments in
capacity (e.g. walking deficits) directly affect MP (e.g. walking distance outside). This
assumption is also supported by studies showing that young seniors need a lower relative effort
compared to older to execute daily motor tasks (Suominen 2011).
In line with this, our hypothesis was that the association between capacity and performance in
young seniors would not be straightforward, but depend on the challenge of the capacity
assessment. We specifically focused on the aspect of motor capacity influencing mobility
performance which allowed us to answer our specific research question about the difference
16

between basic and challenging MC measures. Indeed, our results support this assumption
showing tendencies that the capacity-performance relationship is influenced by the MC
measures applied. We found closer associations for the challenging MC measures with MP
measures and falls compared to the basic MC measures. Among all MC measures, fast gait
speed showed the strongest associations and largest discriminative ability. Previous studies in
older adults reported gait capacity as a consistent and strong predictor for MP and falls
(Callisaya and Verghese 2018; Van Kan and others 2009). However, these studies used habitual
gait speed, which showed only a weak association with MP and falls in young seniors (Van
Ancum and others 2019).
The strongest correlations were found between the challenging MC measures and the
challenging MP measures. For the challenging performance, the relative effort needed is close
to the maximal capacity tested in the challenging MC measures. For example, going hiking
requires dynamic balance skills executed under precision pressure in order to avoid falling. The
challenging MC measures applied in our study measure these skills, which may explain the
closer associations found. Our findings suggest that it is important to apply challenging MC
measures in order to test young seniors’ limits in motor capacity executed under time or
precision pressure. The testing the limits paradigm was originally developed in psychology
(Kliegl and others 1986). Only when subjects are challenged to their maximum for example by
applying time and/or precision pressure, individual differences in performance emerge
(Lindenberger and Baltes 1995; van Lummel and others 2015). Based on our study, this
paradigm seems to be relevant in young seniors as using this approach may enable identification
of early age-related decline in MC, which has limited impact on basic MP but may affect more
challenging performances.
A major strength of this study is the systematic approach for classifying basic vs challenging
measures. Similar to other studies we obtained only small to moderate associations between
MC and MP (Callisaya and Verghese 2018; Giannouli and others 2016; Spartano and others
17

2019). We acknowledge that the variance explained in the regression models was rather low,
but comparable to other studies investigating this association (Callisaya and Verghese 2018;
Giannouli and others 2016). In the present study, we specially focused on the factor motor
capacity explaining this amount of variance. Our results underline that in addition to MC also
other important internal and external factors play a role for MP explaining an additional
proportion of the variance. However, importantly, despite the low variance, we could answer
our research questions showing closer associations for the challenging MC with MP and falls
compared to basic MC measures in this target population. A further strength is the objective
assessment of mobility performance in contrast to studies using subjective methods such as
questionnaires (Lamb and Keene 2017).
Limitations are that our classification of challenging MC measures was restricted to the two
main aspects of pressure conditions (time and precision pressure) while further aspects such as
complexity pressure defined as simultaneous demands (e.g. dual-tasking) were not considered.
This should be investigated in further studies. We are not able to draw conclusions on causes
of falls as these were not assessed. Our sensor-based mobility performance assessment does not
reveal information about indoor or outdoor mobility performance. This could be extended in
future studies using GPS signals (Giannouli and others 2016). Challenging measures may also
be important for older seniors, but this cannot be addressed in this study. However, some
challenging measures such as the CBM may show floor effects in older adults. Due to the crosssectional design of the study, causal inferences cannot be evaluated, and further longitudinal
studies are needed to show that changes in challenging MC measures are associated with
changes in MP.

5. CONCLUSION
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Our findings show closer associations of MC measures with MP measures and falls in young
seniors if challenging MC measures were used. This underlines the need of challenging
assessments in young seniors and is an important step towards tailored assessments for this
target population. Assessment results could be the basis for tailored early intervention aiming
to restore or improve relevant challenging capacities, in turn enabling young seniors to maintain
healthy mobility performance patterns and an active lifestyle.
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