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Chapter 1
Introduction

Safely remaining active
From time to time, everyone falls. Toddlers, just getting a grasp at their ability
for bipedal walking, fall often. Each fall brings them a step closer to crossing
the gap between crawling and walking. When toddlers fall, they may briefly
be afraid and unwilling to walk again, but through parental encouragement
and with the passing of time the child will eventually be confident enough
to try again and again until they master the art of bipedal walking.
Even after mastering how to walk, we still occasionally fall through childhood,
early- and midlife. Some falls are more or less expected, for instance when
playing sports like rugby or judo, others are unexpected, for instance when
tripping over untied shoelaces or a loose pavement tile. Through these
experiences we usually gain an accurate perception of our ability to retain our
balance while walking or performing other activities in complex environments.
Reaching old age comes with a decline in physiological capacity. Through a
combination of, amongst others, decreased muscle mass and degeneration of
the sensory and central nervous system, gait and our ability to retain balance
become affected (Ambrose, Paul, & Hausdorff, 2013; Anton et al., 2015).
Compared to younger people, older people are more likely to fall, more likely
to get injured as a consequence of a fall and these resulting injuries, such as
mobility limiting fractures, take longer to recover from (MacIntyre & Dewan,
2016; Talbot, Musiol, Witham, & Metter, 2005). Hence, whereas falls are of
minor concern to preschoolers, they can be a major concern for older adults.
1.2 Safely remaining active
Safely remaining active becomes more challenging with age, as the age-related
decline in physiological capacity sets in. This decline can be prevented or
mitigated by being physically active (Chandler & Hadley, 1996). Paradoxically,
physical activity also increases exposure to balance threatening situations
(Del Din et al., 2020; Wijlhuizen, Chorus, & Hopman-Rock, 2008). Hence, a
trade-off needs to be made between gaining the benefits of physical activity
and the increased fall risk exposure. To make behavioral decisions on this
trade-off, an (older) person needs to have an accurate perception of his or
her physical ability to deal with postural challenges like perturbations that
may be encountered while being physical active. Physical ability is defined as
the ability a person has to successfully perform a task or activity and depends
on their physiological capacity. Self-perceived ability is defined as a person’s
believe or estimate about their own physical ability. It has been suggested that
the age-related decline in physiological capacity may go unnoticed in some
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older people, which may lead to over-estimation of one’s physical ability,
which potentially can increase the risk of falls (Delbaere, Close, Brodaty,
Sachdev, & Lord, 2010; S. N. Robinovitch & Cronin, 1999). In contrast, others
may perceive their physical ability as lower than their actual physical ability,
i.e., under-estimation, which may lead to or coincide with fear of falling and
avoidance of physical activity (Delbaere, Close, Brodaty, et al., 2010). Such
avoidance of physical activity can further accelerate the age-related physical
decline. Moreover, poor self-perceived ability is associated with changes in
cognitive and motor performance (Hadjistavropoulos, Delbaere, & Fitzgerald,
2011) as well as attention allocation to task-irrelevant stimuli and it may
result in an internal focus of attention, all of which may increase fall risk (T. J.
Ellmers & Young, 2018; Young & Williams, 2015). The assumptions above were
combined in a model that served as the basis of this thesis. Fig. 1 visualizes
the collection of hypothesized relationships between physical ability, selfperceived ability, physical activity and falls of our model.
The overarching goal of this thesis was to explore if the relation between
physical ability and falls is modulated by self-perceived ability, potentially
mediated through physical activity, in older adults.

Fig. 1.1. Model of the hypothesized relationships between physical ability, self-perceived ability, physical
activity and falls. Arrows represent directional and bi-directional relationships. An arrow being pointed
at by another arrow indicates that this relationship is hypothesized to be modulated by the construct from
which the arrow is pointing at it. The numbers indicate the thesis’ chapters in which the relationships,
or construct in the case of chapter 4, are further explored. A dashed arrow is used to indicate that a
relationship is hypothesized but is not investigated in this thesis (see chapter six).
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1.3 Assessment of self-perceived and actual physical ability
To investigate the relationships described in Fig. 1.1, it is important to
validly and reliably assess self-perceived and actual physical abilities in older
populations. Several performance tests have been designed in which older
participants have to estimate their maximal ability to reach forward, step over
an obstacle or walk over a narrow path (Butler, Lord, & Fitzpatrick, 2011;
Butler, Lord, Taylor, & Fitzpatrick, 2015; N. Kluft, Bruijn, Weijer, van Dieen, &
Pijnappels, 2017; R. Sakurai et al., 2013). These tests can help to quantify overand under-estimation of maximal physical ability, but have the disadvantage
that they are task-specific and can, therefore, not be extrapolated to other
tasks and situations. Another, frequently used, method for quantifying selfperceived ability is the use of questionnaires (Newell, VanSwearingen, Hile,
& Brach, 2012; Yardley et al., 2005). These questionnaires contain items about
someone’s self-perceived ability in a variety of tasks such as walking up or
down stairs. The disadvantage of questionnaires is that it is not possible to
directly compare the questionnaire score to a measure of physical ability
assessed with a performance test. This is because, in relation to fall risk,
discrepancies between self-perceived and actual physical ability may be
due to residual fall risk that is accurately perceived and assessed with the
questionnaire but that is not encompassed in the performance test or vice
versa (Delbaere, Close, Brodaty, et al., 2010). Other studies using these
performance tests and questionnaires showed a discrepancy between selfperceived and actual physical ability in some older adults (Butler et al., 2015;
Delbaere, Close, Brodaty, et al., 2010). However, results about the relation of
these discrepancies to fall risk were inconsistent (Butler et al., 2011; Fujimoto
et al., 2015; R. Sakurai et al., 2013), potentially due to differences in assessment
methods for self-perceived and actual physical ability. In this thesis, validity
and reliability of both performance tests and questionnaires will be further
explored as well as their relation to falls.
1.4 The VIBE cohort
The data on which all chapters of this thesis, except chapter two, are based
were collected in the “Veilig in beweging blijven” (VIBE) (English: “Safely
remaining active”) prospective observational cohort, from 2017 until 2018.
The VIBE cohort included 287 participants for a follow-up of over one year
and aimed to investigate if the relation between falls and physical ability is
14

Chapter 1
modulated by self-perceived ability, potentially mediated through physical
activity, in older adults. At baseline and after one year, participants completed
a battery of tests and questionnaires designed to measure self-perceived and
actual physical ability as well as other factors potentially associated with the
hypothesized relationships of Fig. 1.1. Gait in daily life was assessed using
accelerometer data, collected over one full week following the battery of
tests and questionnaires, again at both baseline and one-year follow-up. In
between assessments, participants recorded falls and filled out additional
questionnaires about self-perceived ability and health status each month, for
a total of 12 months.
1.5 General outline of the thesis
To address the general aim of this thesis, we used the model on hypothesized
relationships between physical ability, self-perceived ability, physical activity
and falls, as depicted in Fig. 1. This figure also shows how each chapter of
the thesis, indicated by the numbers in the figure, relates to the hypothesized
relationships and to the other chapters.
Chapter two immediately addresses the central aim of this thesis. Here,
the modulating effect of perceived gait stability on the association between
physical ability (in terms of daily life gait quality) and falls is investigated in
older adults. In this chapter, daily-life trunk accelerometry data are used to
quantify both physical ability, by deriving gait quality characteristics, as well
as self-perceived ability, by determining the average walking speed which is
associated with concern about falling and fear of falling (Donoghue, Cronin,
Savva, O’Regan, & Kenny, 2013; Kirkwood et al., 2011).
In chapter three, the between test consistency and test–retest reliability of
three stepping tests, designed to measure self-perceived and actual stepping
ability, in older adults are reported. The strength of these tests, which are
adapted from, among others, Sakurai and colleagues (2013) and Kluft and
colleagues (2017), is that they allow for a direct comparison between selfperceived and actual physical ability and determine the amount of over- and
under-estimation made by a person.
One of the questionnaires used in the VIBE cohort is the modified Gait
Efficacy Scale (mGES) (Newell et al., 2012). Since there was no validated Dutch
translation of the British mGES, a cross-cultural adaptation of the mGES into
Dutch was performed and its construct validity, internal consistency, testretest reliability and floor and ceiling effects were investigated and reported
15
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in chapter four.
Although it is often hypothesized that some people might enter a vicious circle
in which a fall increases concern about falling, which in turn promotes falling,
there is no evidence to support this hypothesis. In chapter five, it is reported
whether concern about falling, as a measure related to self-perceived ability,
increases after a fall and whether concern about falling increases the odds of
future falls in community-dwelling older adults without a recent fall history.
The results in this chapter give more insight into the reciprocal relationship
between self-perceived ability and falls.
In chapter six, structural equation modeling is used to test the main hypotheses
reported in Fig. 1.1 while taking into account the multidimensionality of
self-perceived and actual physical ability. Self-perceived and actual ability
measured with different tests and questionnaires are combined into latent
factors: Maximal Ability, Gait, Functional Ability, Functional Limitations,
Fall Related Psychological Concern and perceived Maximal Ability. These
latent factors are then used to investigate if self-perceived ability and/or
physical activity modulate the relationship between physical ability and falls
in community dwelling older adults.
Finally, chapter seven contains a summary and general discussion of the
findings reported in the previous chapters and indicates scientific and clinical
recommendations based on the findings reported in this thesis.
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Chapter 2
Self-perceived gait stability modulates
the effect of daily life gait quality on
prospective falls in older adults
Weijer, R. H. A., Hoozemans, M. J. M.,
van Dieën, J. H. & Pijnappels, M.

Safely remaining active
Abstract
Background: Quality of gait during daily life activities and perceived gait
stability are both independent risk factors for future falls in older adults.
Research question: We investigated whether perceived gait stability modulates
the association between gait quality and falling in older adults.
Methods: In this prospective cohort study, we used one-week daily-life trunk
acceleration data of 272 adults over 65 years of age. Sample entropy (SE) of
the 3D acceleration signals was calculated to quantify daily life gait quality.
To quantify perceived gait stability, the level of concern about falling was
assessed using the Falls Efficacy Scale international (FES-I) questionnaire and
step length, estimated from the accelerometer data. A fall calendar was used to
record fall incidence during a six-month follow up period. Logistic regression
analyses were performed to study the association between falling and SE, step
length or FES-I score, and their interactions.
Results: High (i.e., poor) SE in vertical direction was significantly associated
with falling. FES-I scores significantly modulated this association, whereas
step length did not. Subgroup analyses based on FES-I scores showed that
high SE in the vertical direction was a risk factor for falls only in older adults
who had a high (i.e. poor) FES-I score. In conclusion, perceived gait stability
modulates the association between gait quality and falls in older adults such
that an association between gait quality and falling is only present when
perceived gait stability is poor.
Significance: The results of the present study indicate that the effectiveness
of interventions for fall prevention, aimed at improving gait quality, may be
affected by a modulating effect of perceived gait stability. Results indicate that
interventions to reduce falls in older adults might sort most effectiveness in
populations with both a poor physiological and psychological status.
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2.1 Introduction
Physiological and psychological risk factors have frequently and independently
been associated with falls in the growing population of older adults (Lord,
Sherrington, & Menz, 2000; Tinetti, Mendes de Leon, Doucette, & Baker,
1994). A physiological risk factor for falling is gait quality (van Schooten et al.,
2016), which can be assessed using accelerometers and can be quantified as the
sample entropy (SE) of the acceleration signal during bouts of gait obtained in
daily life (Rispens et al., 2016; Riva, Toebes, Pijnappels, Stagni, & van Dieen,
2013). SE in essence quantifies the degree of complexity of a time series. In
gait, higher SE reflects a less predictable gait pattern and is associated with
falls (Ihlen, Weiss, Bourke, Helbostad, & Hausdorff, 2016; Rispens et al., 2015)
and therefore a poor gait quality. SE is independent of gait velocity (Huijben,
van Schooten, van Dieën, & Pijnappels) and stride time (Riva et al., 2013) and
since daily life gait velocity and stride time are influenced by psychological
factors (Dias et al., 2011), SE may represent the physiological aspect of gait
more exclusively than other measures.
Perceived gait stability can be defined as one’s own belief in the ability to
prevent balance loss during gait. It is a psychological risk factor for falling and
can be quantified explicitly by questionnaires such as the Falls Efficacy Scale
– International (FES-I) (Yardley et al., 2005), though these scales are prone to
ceiling effects (Hauer et al., 2011). An alternative and rather implicit measure of
perceived gait stability might be step length (SL). In experimental conditions,
people adapt their gait pattern in response to more risky environments (e.g.
a slippery floor) by reducing their SL (Lawrence et al., 2015). Furthermore,
SL has been shown to be shorter in older adults who report a high concern
for falling (Donoghue, Cronin, Savva, O’Regan, & Kenny, 2013; Kirkwood et
al., 2011). We, therefore, consider SL as a gait characteristic that can reflect
perceived gait stability and that can be objectively obtained from daily life gait
acceleration data.
The association of perceived gait stability with falling is less obvious than
that of gait quality with falling. On the one hand, people with poor perceived
gait stability often resort to a stiffening response and have reduced visual
awareness (Young & Williams, 2015), which may hamper balance control and
recovery in dynamic tasks. On the other hand, they may expose themselves to
fewer risky situations and therefore reduce the probability of falling. Moreover,
perceived gait stability might interact with gait quality with respect to fall risk.
It is not unlikely that the association between quality of gait and falling may
be different depending on the level of perceived gait stability. For instance, for
19
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older adults that have a poor perceived gait stability having a poor gait quality
may be of greater risk for falling than for older adults that perceive their gait
stability as good. However, this may not be the case at all and it is conceivable
that it may even be the other way around. Therefore, in the current study,
we tested this modulating effect of perceived gait stability on the association
between gait quality and falling in older adults and determined its direction. A
better understanding of the interplay between gait quality and perceived gait
stability may help health care professionals to reduce the prevalence of falls
with targeted and personalized interventions.
2.2 Methods
2.2.1. Study design and study population
We re-analyzed data from 416 participants from the FAll-Risk Assessment
in Older adults (FARAO) study (van Schooten et al., 2016). The overall aim
of this study was to develop and test a new system to predict fall risk, based
on ambulatory monitoring. Participants were community dwelling or living
in a residential home and were recruited in Amsterdam (the Netherlands)
and the surrounding area between 2012 and 2014, via general practitioners,
pharmacies, hospitals and residential care facilities. Participants were included
in the prospective cohort study if they were 65 years of age or older, if their
Mini Mental State Exam (Folstein, Folstein, & McHugh, 1975) score exceeded
18 out of 30 points, and if they were able to walk at least 20 m (with walking aid
if needed). The medical ethical committee of the VU medical center approved
the protocol (#2010/290) and all participants signed an informed consent.
2.2.2. Fall outcome
Prospective fall data were collected during a six-month follow-up through
monthly telephone contact in addition to a daily fall diary. A fall was defined
as an unintentional change in position resulting in coming to rest at a lower
level or on the ground. Participants were classified as faller if they fell once or
more during the follow-up period.
2.2.3. Predictors
Participants wore a tri-axial accelerometer (DynaPort MoveMonitor,
McRoberts, The Hague, the Netherlands) with a sample rate of 100 samples/s
and a range from −6 g to +6 g, for 8 consecutive days. The accelerometer was
placed dorsally on the trunk at the level of L5 using an elastic belt. Participants
20
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were instructed to wear it at all times except during aquatic activities such as
showering. The first and final 6 hours of data were discarded to account for
artifacts caused by transportation of the device to and from the participant’s
home. Raw acceleration data were realigned with the anatomical axes based
on the sensor’s orientation with respect to gravity and optimized for left–right
symmetry (Moe-Nilssen, 1998; Rispens et al., 2014). Locomotion bouts were
detected using activity classification algorithms developed by McRoberts
the manufacturer of the accelerometers McRoberts (McRoberts, The Hague,
the Netherlands) (Dijkstra, Kamsma, & Zijlstra, 2010). Acceleration data
were analyzed using MATLAB R2014a (MathWorks, Natick, MA, USA)
for all locomotion bouts that exceeded 10 seconds. Per locomotion bout
the average SE and SL was determined over all 10-seconds gait epochs, to
improve stationarity and to avoid effects of differences in data series length on
subsequent analyses.
Gait quality was assessed using the SE of the acceleration signal in vertical (vt)
and anteroposterior (ap) direction with embedding dimension 5 and tolerance
0.3 (van Schooten et al., 2015). SE represents gait quality more uniquely than
other gait quality measures that have shown associations with falls [6], due
to its independence from stride time [5] and gait velocity (Huijben et al.).
Rispens and colleagues showed that high values for the median (p50) SE in
vt and for the 10th percentile (p10) SE in vt and ap over all locomotion bouts
obtained during one week predicted falling in a univariate model (Rispens et
al., 2015). Hence, we used SEvt_p50 and SEvt _p10 and SEap_p10 as measures
of gait quality.
Perceived gait stability based on daily life gait was quantified as SL, which was
determined from the vertical acceleration component of the 10-seconds gait
epochs, normalized for the participant’s body height (Zijlstra & Hof, 2003).
Perceived gait stability was also assessed by the FES-I (Yardley et al., 2005).
The FES-I measures the level of concern for falling during daily activities
on a scale between 16-64, with 16 indicating no concern and 64 indicating
the highest level of concern. The Dutch version of the FES-I showed to be
unidimensional, internally consistent (Chronbach α =0.96) and reliable (intra
class correlation coefficient = 0.82) and also the construct validity was found
to be sufficient (Kempen, Zijlstra, & van Haastregt, 2007).
To avoid having to make assumptions about (non-)linearity, we dichotomized
the predictor variables. We split the sample in three sub-samples for each
predictor (the 0th-40th percentile, 40th-60th percentile and 60th -100th
percentile), excluded the middle sub-sample from the analyses and compared
the remaining sub-samples. The exclusion was applied because participants
21
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close to the median are more likely to be misclassified.
2.2.4. Confounders
Besides controlling for the descriptive confounders age, gender, body weight
and body height, we also assessed the following confounders which are known
to be associated with both the outcome and at least one of the predictors
(Tinetti & Kumar, 2010): symptoms of depression, as measured with the
30-item geriatric depression scale (GDS) (Yesavage et al., 1982), executive
functioning, as measured with the trail making test (TMT) (Holtzer et al.,
2007), and fall history.
2.2.5. Statistical analysis
Statistical analyses were performed in R (R Core Team (2015), Vienna, Austria).
Descriptive analyses were used to describe the demographic characteristics
among the study population. Because we performed secondary analyses of
data that were collected in a study that was not designed for our specific
research question and because we decreased the sample size and associated
power by excluding the middle 20 percent, we used a 90% confidence interval
(CI) to determine statistical significance in order to prevent possibly relevant
findings from being omitted.
Logistic regression analyses were performed to explore the ability of gait
quality (i.e., SEvt and SEap) and perceived gait stability (i.e., SL and FES-I
score) to predict falls. We reported the resulting odds ratios (OR) and their
90% CI (Hosmer & Lemeshow, 2000). After testing the association of gait
quality or perceived gait stability with falling, we tested the modulating effect
of perceived gait stability (of either SL or FES-I scores) on the association
between gait quality and falling. Hence, the latter models included the
interaction between perceived gait stability and gait quality. Next, subgroup
analyses were done by exploring the association of gait quality with falls in
people with either low or high perceived gait stability.
Age, gender, body weight, depression symptoms (GDS score), executive
functioning (TMT score) and fall history were only included in the regression
analyses to control for confounding if they were not highly correlated
(correlation coefficient <= 0.6) with the predictors and if they changed the
regression coefficient of the interaction term of gait quality and perceived gait
stability by more than 10% (Kleinbaum, Kupper, & Morgenstern, 1982).
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2.3 Results
Of the 416 participants available in the FARAO database, we excluded a total
of 144 people due to incomplete fall data over 6 months (n=101), insufficient
accelerometer data to assess SE (n=28) or SL (n=3) and missing data on
confounding variables (n=12) (Fig. 2.1), leaving 272 participants for our
analysis. The number of eligible participants per regression model is shown
in Table 2.2. Demographics of the eligible participants are shown in Table 2.1.
About one third of the participants fell more than once in the subsequent 6
months. Fig. 2.2 presents the percentages of fallers in four groups classified
based on both their gait quality and perceived gait stability. It shows that gait
quality and perceived gait stability did not necessarily have an additive effect
in predicting future falls. There were relatively more people that fell with a
poor gait quality than with a good gait quality within the poor FES-I group.
However, this association was only observed for SEvt and not for SL.

Fig. 2.1. Flow chart of data inclusion and exclusion. Fall data were considered incomplete when one or
more months of fall data were missing. Accelerometer data were insufficient when too few 10-second
gait epochs (<50) were registered during one whole week. To determine SL, data on total body height
were required.
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Table 2.1. Participants’ general characteristics, predictors and fall incidence before exclusion of the
middle 20 percent. Values represent means with (SD) unless noted otherwise. Handgrip strength is
presented as left and right combined.

Variable

Total (N=272)

General characteristics
Age, years 75.2 (6.9)
Female, n (%) 138 (50.7)
Body weight, kg 74.0 (13.3)
Body height, cm 170.6 (9.0)
Hand grip strength, kg 53.7 (20.5)
Use of walking aids, n (%) 77 (28.3)
Living status
Independent, n (%) 226 (83.1)
Assisted living, n (%) 19 (7.0)
Care home, n (%) 27 (9.9)
Cognitive status
Trial making test, Δs, 51.0 (34.5 – 79.3)
median (IQR)
GDS score, median (IQR) 3 (1.0 – 6.3)
Predictors
FES-I, median (IQR) 19 (17 – 22)
SL/body height, arb. unit 0.6 (0.1)
Outcome
Fallen, n (%) 91 (33.5)

Association between predictors and falling
We started by testing the association between the five predictors (i.e., three
gait quality and two perceived gait stability measures) and falling in logistic
regression models, while controlling for the potential confounding effects of
age, gender, body weight, depression symptoms, executive functioning and
fall history. Falling was associated with high (i.e., poor) SEvt_p50 (adjusted
OR: 1.81, 90% CI [1.12, 2.96]) and short SL (adjusted OR: 1.75, 90% CI [1.05,
2.94]). We found no significant associations between falling and SEvt_p10,
SEap_p10, or FES-I (Table 2.2).
24
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Fig. 2.2. Percentages of people within a classification group that fell at least once during six months
follow-up. Groups were based on sample entropy (SE) and perceived gait stability as measured by step
length (SL) (left panels) or FES-I (right panels). Rows represent stratification based on median and
10th percentiles of SE in vertical and anteroposterior direction (10th percentile vertical (vtP10), 10th
percentile anteroposterior (apP10) and median vertical (vtP50)). # interaction effect between gait
quality and perceived gait stability (p < 0.1). * association between SE and falling once or more in the
subsequent year (p < 0.1), only determined in models with a significant interaction effect.

25

Safely remaining active
Table 2.2. Logistic regression results for models with one predictor and models with two predictors
and their interaction. Adjusted Odds Ratios (OR) are presented, corrected for age, gender, body weight,
depressive symptoms (GDS score), executive functioning (TMT score) and fall history when appropriate
(see methods for selection). N shows the number of participants included in each model after exclusion
of the middle 20 percent. *p < 0.1.

N

OR

90%CI

Without interaction
SEvtP10 218 Good quality
Poor quality
SEapP10 218 Good quality
Poor quality
SEvtP50 218 Good quality
Poor quality

1
1.58

0.98 – 2.55

1
1.31

0.80 – 2.14

1
1.81* 1.12 – 2.96

SL 218 Good perceived gait stability 1
Poor perceived gait stability

1.75* 1.05 – 2.94

FES-I 228 Good perceived gait stability 1
Poor perceived gait stability

1.03

0.60 – 1.75

SEvtP10 x SL 180 Poor x Poor

1.19

0.38 – 3.82

SEapP10 x SL 178 Poor x Poor

0.85

0.26 – 2.93

SEvtP50 x SL 178 Poor x Poor

1.37

0.42 – 4.62

Interaction SE x SL

Interaction SE x FES-I
SEvtP10 x FES-I 182 Poor x Poor

3.27* 1.13 – 9.65

SEapP10 x FES-I 180 Poor x Poor

0.54

SEvtP50 x FES-I 182 Poor x Poor

4.00* 1.33 – 12.43

0.18 – 1.63

2.3.1. Modulating effect of perceived gait stability on gait quality
Next, we tested the modulating effect of perceived gait stability, as defined by
SL or FES-I scores, on the association between SE and falling. To this end, we
included the interaction of these perceived gait stability measures with SE in
the logistic regression model. SL did not modulate the association between
falling and any of the SE measures. However, FES-I score did significantly
modulate the association between falling and SEvt_p10 (adjusted interaction
OR: 3.27, 90% CI [1.13, 9.65]) and falling and SEvt_p50 (adjusted interaction
OR: 4.00, 90% CI [1.33, 12.43]) (Table 2.2). Hence, the associations between
these gait quality measures and falling was stronger for people with high (i.e.
poor) FES-I scores than for people with low (i.e. good) FES-I scores. FES-I did
not modulate the association between SEap_p10 and falling.
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Finally, we explored the associations between falling and SEvt_p10 and falling
and SEvt_p50 within the groups of people with either high (i.e. poor) or
low (i.e. good) FES-I scores. For people with a low FES-I score there was no
association between falling and SEvt_p10 (adjusted OR: 1.02, 90% CI [0.49,
2.13]) or SEvt_p50 (adjusted OR: 1.08, 90% CI [0.51, 2.28]). For people with a
high FES-I score there was a significant association between falling and SEvt_
p10 (adjusted OR: 3.33, 90% CI [1.52, 7.29]) and between falling and SEvt_p50
(OR: 4.33, 90% CI [1.89, 9.91]). This indicates that among older adults with a
high concern for falling (high FES-I score), those with poor gait quality (SEvt_
p10 or SEvt_p50) are 3.33 to 4.33 times more likely to fall in the upcoming
six months than those with a good gait quality. Unadjusted models, 95%CI
and models with the middle 20 percentage included and dichotomized at the
median are presented in Tables S2.1 and S2.2 (See supplementary materials,
page 117).
2.4 Discussion
The aim of our study was to investigate whether perceived gait stability
modulates the association between daily-life gait quality and falling in older
adults. We expected that better gait quality would result in fewer falls, but
that this effect might be different for people with poor as opposed to good
perceived gait stability. We used three SE measures derived from daily life
accelerometry data to reflect gait quality, and two measures of perceived gait
stability – FES-I as an explicit measure obtained with a questionnaire and
SL as an implicit measure recorded during daily life. We found that FES-I
modulates the association between gait quality (SEvtP10 and SEvtP50) and
falling, whereas SL did not. Specifically, the results show that good gait quality
is associated with fewer falls and this association is only present in older adults
with a high (i.e. poor) FES-I score.
Using a similar approach, Delbaere and colleagues (2010) studied disparities
between psychological and physiological fall risk with the FES-I and the
physiological profile assessment (PPA). Generally, the results of our studies are
in line, showing that gait quality and perceived gait stability interact in a way
that is non-additive. However, our data indicate that with more concern for
falling poor gait quality is a stronger risk factor for falling, whereas their data
suggest (without statistical confirmation) that with less concern for falling,
good physiological status is more protective of falling. So a good physiological
status, SE or PPA, was associated with fewer falls in both studies, but the FES-I
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group in which this became (most) apparent differed. A possible explanation
for this difference in findings could be the different ranges of FES-I scores that
defined the groups of low and high concern for falling in both studies after
dichotomization. This was probably due to a generally smaller and lower total
range of FES-I scores observed within our study population compared to that
of Delbaere and colleagues (Delbaere, Close, Brodaty, et al., 2010). As a result,
it is possible that the modulating effect of perceived gait stability observed
in both studies was due to a stronger effect of gait quality in the subgroups
defined as ‘poor’ FES-I scores in our study and ‘good’ FES-I scores in the study
of Delbaere and colleagues, as FES-I scores for these ‘poor’ and ‘good’ groups
had some amount of overlap.
Our study population had relatively low (i.e. good) FES-I scores (IQR: 1722) compared to literature which reports scores of 16-22 to be low (Delbaere,
Close, Mikolaizak, et al., 2010). This could partly be due to the fact that we
scored lowest values (i.e. not concerned) for activities in the questionnaire
that people indicated not to perform. However, SL divided by body height,
which has shown to be associated with the FES-I score (Donoghue et al.,
2013; Kirkwood et al., 2011), was also higher (0.6) compared to literature (0.4)
(Callisaya et al., 2009; Kirkwood et al., 2011). Therefore, we find it more likely
that the overall perceived gait stability of our sample was relatively high with
respect to the general population of older adults.
SL may reflect more than just perceived gait stability, as it can also be affected
by a decreased range of motion, reduced muscle strength, and a sedentary
lifestyle (Callisaya et al., 2009). By normalizing SL to each subject’s body height
and by using acceleration data over a seven days period, the normalized SL
can be assumed to be a walking characteristic of each subject. We found a
weak but significant negative association between FES-I and SL (rhos = -0.19,
p < 0.002), which suggests that FES-I and SL contain, at least to some degree,
similar information. We recommend future research on other methods to
implicitly measure perceived gait stability during daily life.
It can be argued that we could have quantified gait quality by using SE of the
signal in all three directions at p10 and p50. However, to avoid making too
many comparisons and thereby increasing the likelihood of type I errors, we
deliberately picked versions of SE that had previously shown to be associated,
as continuous parameters, with prospective falls in univariate models by
Rispens and colleagues (2015). Despite that our models showed no significant
association for two of the three dichotomized measures of SE, we still believe
that a theoretical basis was the best procedure to select potential candidates to
quantify gait quality.
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A possible underlying mechanism for the observed modulation is found in
Young and colleagues (2015). They show that based on increased stiffening
behavior, possibly associated with a poor perceived gait stability, older adults
may be more at risk of falling during complex tasks as opposed to simpler tasks.
Task complexity depends on the task constraints and on a person’s ability at
performing the task. Hence, older adults with good gait quality may encounter
fewer complex tasks in daily life as older adults with poor gait quality. If older
adults with good gait quality were to revert to stiffening behavior due to a
poor perceived gait stability, the association with falls would not be as strong
as for older adults with poor gait quality, who encounter more complex tasks
in daily life.
The results of the present study indicate that the effectiveness of interventions
for fall prevention, aimed at improving gait quality, may be affected by a
modulating effect of perceived gait stability. Results indicate that interventions
to reduce falls in older adults might sort most effectiveness in populations with
both a poor physiological and psychological status. Moreover, multimodal
therapies, focusing on both physiological and psychological factors are
recommended as both might be important for preventing falls, even though
causal relations in working mechanisms need further research.
We conclude that perceived gait stability modulates the association between
gait quality and falls in older adults such that an association between gait
quality and falling is only present when perceived gait stability is poor.
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Poor x Poor

Poor x Poor

SEapP10 x SL 178

SEvtP50 x SL 178

1.37

0.85

1.19

1.03

Poor perceived
gait stability

Poor x Poor

1

1.75

Poor perceived
gait stability

Good perceived
gait stability

1

1.81

Poor quality

Good perceived
gait stability

1

1.31

Good quality

1

Poor quality

1.58

Poor quality

Good quality

1

0.42 – 4.62

0.26 – 2.93

0.38 – 3.82

0.60 – 1.75

1.05 – 2.94*

1.12 – 2.96*

0.80 – 2.14

0.98 – 2.55

AOR 90%CI

Good quality

SEvtP10 x SL 180

Interaction SE x SL

FES-I 228

SL 218

SEvtP50 218

SEapP10 218

SEvtP10 218

Without interaction

N

0.34 – 5.87

0.21 – 3.74

0.31 – 4.80

0.54 – 1.94

0.95 – 3.26

1.02 – 3.25^

0.73 – 2.35

0.90 – 2.80

95%CI

1.37

0.96

1.19

1.57

1

2.03

1

1.81

1

1.51

1

1.58

1

0.42 – 4.62

0.30 – 3.24

0.38 – 3.82

0.98 – 2.51

1.24 – 3.35*

1.12 – 2.96*

0.94 – 2.43

0.98 – 2.55

UOR 90%CI

0.34 – 5.87

0.24 – 4.12

0.31 – 4.80

0.90 – 2.75

1.13 – 3.69

1.02 – 3.25^

0.86 – 2.67

0.90 – 2.80

95%CI

Table S2.1. Logistic regression results for models with one predictor and models with two predictors and their interaction. Adjusted Odds
Ratios (AOR) are presented with 95%CI. The AOR 90% CI is the same as in Table 2 and is included in this table to allow for easy comparison
with the 95% CI. Unadjusted Odds Ratios (UOR) are presented with 90% and 95% CI. AOR are corrected for age, gender, body weight,
depressive symptoms (GDS score), executive functioning (TMT score) and fall history when appropriate (see methods for selection). N
shows the number of participants included in each model after exclusion of the middle 20 percent. *p < 0.1. ^p < 0.05
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Tables S2.1 and S2.2 contain results obtained with the analyses described in chapter 2 but
with a 95%CI (Table S2.1) and without excluding the of the middle 20 percent of participants
(Table S2.2).

Poor x Poor

Poor x Poor

Poor x Poor

SEvtP10 x FES-I 182

SEapP10 x FES-I 180

SEvtP50 x FES-I 182

Interaction SE x FES-I

N

4.00

0.54

3.27
0.14 – 2.01

0.92 – 11.92

95%CI

0.73

3.27
0.21 – 2.58

0.92 – 11.92

95%CI

1.33 – 12.43* 1.08 – 15.53^

0.25 – 2.10

1.12 – 9.65*

UOR 90%CI

1.33 – 12.43* 1.08 – 15.53^ 4.00

0.18 – 1.63

1.13 – 9.65*

AOR 90%CI
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Poor x Poor

Poor x Poor

SEapP10 x SL 272

SEvtP50 x SL 272

0.43

0.75

1.17

0.85

Poor perceived
gait stability

Poor x Poor

1

1.17

Poor perceived
gait stability

Good perceived
gait stability

1

1.54

Poor quality

Good perceived
gait stability

1

1.08

Good quality

1

Poor quality

1.89

Poor quality

Good quality

1

0.17 – 1.04

0.32 – 1.82

0.49 – 2.81

0.52 – 1.39

0.74 – 1.86

1.01 – 2.36*

0.70 – 1.68

1.23 – 2.91*

AOR 90%CI

Good quality

SEvtP10 x SL 272

Interaction SE x SL

FES-I 272

SL 272

SEvtP50 272

SEapP10 272

SEvtP10 272

Without interaction

N

0.15 – 1.24

0.27 – 2.15

0.41 – 3.33

0.47 – 1.52

0.67 – 2.04

0.93 – 2.57

0.64 – 1.82

1.13 – 3.17^

95%CI

0.49

0.75

1.17

1.37

1

1.44

1

1.54

1

1.26

1

1.89

1

0.21 – 1.17

0.32 – 1.82

0.49 – 2.81

0.89 – 2.11

0.94 – 2.21

1.01 – 2.36*

0.83 – 1.93

1.23 – 2.91*

UOR 90%CI

0.17 – 1.38

0.27 – 2.15

0.41 – 3.33

0.82 – 2.29

0.87 – 2.40

0.93 – 2.57

0.76 – 2.09

1.13 – 3.17^

95%CI

Table S2.2. Logistic regression results for models with one predictor and models with two predictors and their interaction. Dichotomization was performed at
the median, as a results no participants were excluded. Adjusted (AOR) and unadjusted Odds Ratios (UOR) are presented. AOR are corrected for age, gender,
body weight, depressive symptoms (GDS score), executive functioning (TMT score) and fall history when appropriate (see methods for selection). N shows the
number of participants in each model. *p < 0.1. ^p < 0.05.

Safely remaining active

Poor x Poor

Poor x Poor

Poor x Poor

SEvtP10 x FES-I 272

SEapP10 x FES-I 272

SEvtP50 x FES-I 272

Interaction SE x
FES-I

N

2.38

0.68

2.78
0.99 – 5.78

0.27 – 1.68

1.14 – 6.86*

AOR 90%CI

0.84 – 6.87

0.23 – 2.00

0.97 – 8.18

95%CI

2.38

0.85

2.78
0.99 – 5.78

0.35 – 2.06

1.14 – 6.86*

UOR 90%CI

0.84 – 6.87

0.30 – 2.44

0.97 – 8.18

95%CI

Chapter 2

33

Safely remaining active

34

Chapter 3
Consistency and test-retest reliability of
stepping tests designed to measure selfperceived and actual physical stepping
ability in older adults
Weijer, R. H. A., Hoozemans, M. J. M.,
van Dieën, J. H. & Pijnappels, M.

Safely remaining active
Abstract
Background: Older adults with an incorrect perception of their physical
abilities may fall more often, suggesting a need for tests to quantify selfperceived and actual abilities.
Aims: To determine between-test consistency and test-retest reliability of
three tests that measure self-perceived and actual stepping ability in older
adults.
Methods: Older adults performed three stepping tests, covering high (bar
test) and far steps (river and step tests). We studied between-test consistency
in the perceived ability and actual ability of 269 participants at each task and
in the difference between these two (degree of misjudgment). We also studied
test-retest reliability in 21 participants.
Results: Perceived ability showed moderate consistency (r = 0.46 to 0.55, p <
0.001) and moderate to strong reliability (ICC(2,1) = 0.42 to 0.63, p < 0.03)
for all tests. Actual ability showed strong consistency (r = 0.77, p < 0.001) and
strong to excellent reliability (ICC(2,1) = 0.68 to 0.93, p < 0.001). Degree of
misjudgment was weakly consistent between two stepping far tests (r = 0.32, p
< 0.001), but not consistent between stepping far and high tests (r = 0.05 and
0.06, p > 0.3). Test-retest reliability of the degree of misjudgment was poor to
moderate (ICC(2,1) = 0.38 and 0.50, p < 0.05 on the two stepping far tests and
ICC(2,1) = -0.08, p = 0.63 on the stepping high test).
Conclusions: Actual and perceived ability can be consistently and reliably
measured across tests, whereas the degree of misjudgment is less reliable and
consistent within individuals.
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3.1. Introduction
Thirty percent of older adults falls at least once a year and many of these falls
lead to injury and fear of falling (Stel, Smit, Pluijm, & Lips, 2004). Delbaere
and colleagues showed that when people have an incorrect perception of their
own overall physical ability, this might increase the risk of falling (Delbaere,
Close, Brodaty, et al., 2010). Overestimation of one’s own abilities might result
in taking too much risk in daily life and cause falls (Fujimoto et al., 2015).
Underestimation might lead to physical inactivity, which in turn can amplify
physical decline and fear of falling, increasing fall risk indirectly (Auais et al.,
2017; Jefferis et al., 2014).
Many falls happen during walking and the ability to make adequate steps to
regain balance during walking is an important strategy for preventing such
falls (Hof, Vermerris, & Gjaltema, 2010; Li et al., 2006). When people have
an incorrect perception of their own stepping ability, this may lead to more
inadequate steps, which increases the risk of falling. For instance, when
individuals perceive their maximum step length to be larger than their actual
step length, they are overestimating their ability to deal with obstacles or to
regain balance when challenged. To investigate whether an interplay between
self-perceived and actual stepping ability is associated with and predictive of
falls, we need easy to use tests to quantify an older individual’s self-perceived
and actual ability, as well as a potential disparity between the two, so called
misjudgment. These tests need to be reliable and show consistent results within
subjects and between tests in order to be used to study or predict consequences
and correlates of perceived ability, actual ability and misjudgment (N. Kluft,
Bruijn, et al., 2017).
Several tests have been described to determine one’s degree of misjudgment by
measuring self-perceived and actual physical ability while walking or stepping
(Butler et al., 2015; Fujimoto et al., 2015; N. Kluft, Bruijn, et al., 2017; N. Kluft,
van Dieen, & Pijnappels, 2017; R. Sakurai et al., 2013). Studies using these
tests showed that older adults tend to underestimate more frequently than
they overestimate their actual abilities (R. Sakurai et al., 2013). Furthermore,
overestimation seems to be associated with falling (Butler et al., 2015;
Fujimoto et al., 2015; R. Sakurai et al., 2013). However, consistency of the
degree of misjudgment across tests has not yet been shown (N. Kluft, Bruijn,
et al., 2017).
In the present study, we aimed to evaluate the between-test consistency and
test-retest reliability of three stepping tests, designed to measure self-perceived
and actual stepping ability, in older adults. These tests were either adapted
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from literature or developed for use in an ongoing prospective cohort study,
Veilig in beweging blijven (VIBE) (N. Kluft, Bruijn, et al., 2017; R. Sakurai et
al., 2013).
3.2 Methods
3.2.1.Study design and study population
We analyzed data of 269 Dutch older adults who were enrolled in the
prospective cohort study VIBE that started in 2017. The main aim of the VIBE
study is to assess the modulating effect of self-perceived physical abilities on
the relation between actual ability and prospective falls. Participants were
community dwelling older adults, who were recruited by flyers and newsletter
adds in the Netherlands in 2017. They were included in the study if they were
65 years of age or older, if their Mini Mental State Exam (MMSE) (Folstein
et al., 1975) score exceeded 19 out of 30 points and if they were able to walk
at least 20 m (with walking aid if needed) without becoming short of breath
or suffering chest pain. Participants were asked about their concern for falls
using the Falls Efficacy Scale – International (FES-I) (Yardley et al., 2005). The
FES-I is a self-report questionnaire measuring the concern for falling during
everyday activities. It contains 16 items that can be answered on a scale from 1,
not concerned, to 4, very concerned. The FES-I was filled out independently at
home. Participants’ knee extension moment was measured while participants
sat on a chair. Their lower leg was strapped near their ankle to the hind legs of
the chair, with a one directional force transducer (KAP-E 2kN, A.S.T. GmbH
Dresden, Germany) in the strap to measure knee extension strength, similarly
as in the method described by Lord et al. (S. Lord, Menz, & Tiedemann, 2003).
The participants were instructed to extend their knee with maximum effort.
We determined the maximum moment of three maximal knee extensions
for left and right legs and summed them into a combined maximum knee
extension moment. The lever arm used to determine the knee extension
moment was determined as the distance between the joint line between the
lateral epicondyle of the femur and the tibia plateau and the middle of the
strap around the ankle at a location above the lateral malleolus.
Participants were also instructed to fill out the physical functioning (PF)
subscale of the SF-36 Health Survey on both occasions, a questionnaire about
self-reported health status. The PF subscale consists of 10 items (e.g. ‘Does
your health limit you in walking half a mile’) which can be answered with “Yes,
limited a lot”, “Yes, limited a little” or “No, not limited at all”. The total score
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of the PF subscale can range from 10 to 30 points, where 10 points indicates
‘limited a lot by health status’ and 30 indicates ‘not limited at all by health
status’.
All participants performed the three stepping tests as described below at
inclusion in the study. These data were used to test for consistency between
tests. Additionally, to determine the reliability of the stepping tests, 21
participants performed the tests again within three weeks to three months
after the first test. The inclusion criteria of this subsample were stricter than
those for the larger population, since they also participated in another study
(2018). Participants were included if they scored more than 24 out of 30 points
on the MMSE, had no self-reported cardiovascular, orthopedic or neurological
symptoms and did not use any medication that hampered their stepping and
walking abilities.
The raters, who assessed the participants’ self-perceived and actual stepping
ability on the stepping tests, performed other physical and cognitive tasks with
the participant immediately before the first rating and were not blinded to
the first ratings for the reliability re-test. The ethical committee of the Faculty
of Behavioural and Movement Sciences of the Vrije Universiteit Amsterdam
had approved the protocol (VCWE-2016-129) and all participants signed an
informed consent form.
3.2.2. Protocol
Participants performed three tests aimed at quantifying self-perceived
stepping ability and actual stepping ability (Fig. 3.1): the bar test, the river test
and the step test, in that order. For the test-retest reliability, the first tests were
assessed by one of three raters, who had had at least one day of training in
assessing the tests. The reliability re-tests were assessed by a single rater with
at least three months of training, who was also one of the three raters during
the initial tests.
3.2.2.1. Bar test
For the bar test, the participants were first asked to estimate the maximum
height of a bar that they would be able to step over, keeping in mind that
while their feet were on the floor they had to be in a forward orientation (Fig.
3.1A). Hence, participants were only allowed to rotate their feet around the
vertical axis when lifted off the floor. This restriction was used to ensure that
all participants would step over the bar using the same strategy, namely by
stepping over the bar in a forward instead of sideways manner. We asked for
their perceived ability six times by moving the bar up and down and asking
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the participants, who stood at a three meter distance from the bar, to say
stop when they thought that the maximum height they could step over was
reached. Perceived ability was defined as the mean of the six chosen heights.
Subsequently, we assessed their actual ability for this test, i.e., the maximal step
height at which they could perform the test as instructed (Fig. 3.1B). We did
this by letting them step over the bar repeatedly, which we put at an increasing
height, starting at 10 cm with increments of 10 cm or 5 cm depending on the

Fig. 3.1. Test setup. A: Bar test: perceived ability. B: Bar test: actual ability. C: River test: perceived ability.
D: Step test: perceived ability. E: Step test and river test: actual ability.
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ease at which they cleared the bar. They were allowed two attempts at each
height in case of a failure, before we lowered the bar by 5 cm. From this height
we again increased the height after each successful attempt, now with 2.5 cm
increments. Actual ability for the bar test was thus defined as the maximum
bar height that the participant could step over within two attempts while
keeping the feet in a forward orientation as described above.
3.2.2.2. River test
The river test was the second test that was performed. Participants had to cross
a virtual river made out of a 12 meter long tapered sheet of paper, with a width
of 1.84 meter at one end and a width 0.31 meter at the other end (Fig. 3.1C)
(N. Kluft, Bruijn, et al., 2017). They were instructed to start at the widest end
of the river, cross the river and return to the other side of the widest end of
the river as quickly as possible without running or jumping and while making
sure not to step onto the paper. We timed their performance, only to stimulate
participants to act as quickly as possible. We defined their perceived ability
for the river test as the width of the river at the location where they decided
to step over it and their actual ability for the river test was determined as the
actual ability in the step test (see below).
3.2.2.3. Step test
For the step test, participants were asked to indicate the maximum length of a
step they thought they could make onto a plastic non-slip mat placed on the
floor (Fig. 3.1D). To do so, participants had to adjust their own position six
times by either walking towards or away from the plastic mat which was placed
at a semi-random distance by the rater, three times close to the participant
and three times far away from the participant. We defined their perceived
ability at the step test as the average of the six distances between their toes
and the plastic mat. Subsequently, we measured their actual ability for the step
test as their maximum step length by letting them take steps onto the mat,
while placing the plastic mat increasingly further away (Fig. 3.1E). We started
with a distance of 40 cm and increased the distance after a successful attempt
with 5 cm or 10 cm depending on the ease with which the participant cleared
the distance. After two failed attempts at a given distance, we decreased the
distance by 5 cm. Next, participants were again asked to make an attempt
while we increased the distance by 2.5 cm. We defined the actual ability for
the step test as the maximum distance a participant could step within three
subsequent attempts while being able to fluently continue the step with the
trailing limb.
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3.2.3. Data analysis and statistical analysis
Statistical analyses were performed in R (R Core Team (2014), Vienna,
Austria) and Matlab (MathWorks, Inc (2016), Nattick MA, USA). Descriptive
analyses were used to describe the demographic characteristics of the total
sample and subsample of the study population. First, we tested the betweentest consistency of perceived and actual stepping ability as well as the degree
of misjudgment measured with and determined from the three stepping
tests in the whole population. The degree of misjudgment was determined
for each participant and each test by subtracting the actual stepping ability
from the perceived stepping ability. Consistency was assessed using Pearson’s
correlations within measures between tests. To interpret the correlation
coefficients, we classified an r below 0.20 as very weak, 0.20 to 0.39 as weak,
0.40 to 0.59 as moderate, 0.60 to 0.79 as strong and 0.80 and greater as very
strong (Evans, 1996). For each stepping test, we tested whether perceived and
actual ability were linearly associated, as Kluft and colleagues (2017) argued
this to be a prerequisite for determining the degree of misjudgment through
subtraction. We tested this by fitting multiple models to the data and checking
whether the Akaike information criterion (AIC) for the linear model was
lower than for the other models.
Next, we tested the test-retest reliability of the perceived ability, actual
ability and the degree of misjudgment for each of the three stepping tests
on the subsample. Intra class correlation (ICC) estimates, standard error of
measurement (SEM) and upper and lower limits of agreement (LoA) were
calculated using R package ‘irr’ version 0.84 (Gamer, Lemon, & Singh, 2012)
based on a single-rating (k = 1), absolute- agreement, and a two-way mixedeffects model. We considered ICC estimates below 0.4 as poor, between 0.4
and 0.59 as moderate, between 0.6 and 0.79 as strong and above 0.8 as excellent
(Kottner et al., 2011).
3.3 Results
Table 3.1 shows the participant characteristics for the total group and the
subset used for reliability testing.
3.3.1. Between test consistency
Correlations between the perceived abilities, actual abilities and the degrees
of misjudgment for all combinations of the three stepping tests are depicted
in Fig. 3.2. Perceived ability measures showed moderate associations (rperc:
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bar river = 0.46, rperc: bar step = 0.56, rperc: river step = 0.50, all p < 0.001),
whereas for actual ability the scores on the stepping tests showed a strong
association (ract: bar step = ract: bar river = 0.77, p < 0.001). As a requirement
for determining the degree of misjudgment, we tested whether the relations
between perceived and actual abilities were linear. The linear models (bar: AIC
= 2056.5, river: AIC = 2254.6, step: AIC = 2176.2) performed better than the
other models (next best models: bar: AIC = 2057.4, river: AIC = 2256.6, step:
AIC = 2178.2) for all three stepping tests. This indicates that a linear relation
between actual and perceived ability within the observed ranges is more likely
than any other relation that we tested and that the degree of misjudgment
can be determined by simple subtraction. The degrees of misjudgment for the
river test and the step test were significantly, but poorly associated (r = 0.33, p
< 0.001). For the degrees of misjudgment of the other stepping tests only weak
associations were observed.

Table 3.1. Participant characteristics. All values are means (standard deviation) unless otherwise noted.
Combined maximum knee moments is the sum of the maximum knee moments for the left and the
right leg.

Age (years), median [IQR]
Female, N (%)
FES-I score, median [IQR]
SF-36 PF score, median [IQR]
Combined maximum knee
moment (Nm)
MMSE score, median [IQR]
Perceived
Bar (cm)
River (cm)
Step (cm)
Actual
Bar (cm)
River and Step (cm)

VIBE cohort
(N = 269)
69.9 [67.7 – 74.8]
185 (68.8)
19 [17 – 22]
29 [26 – 29]
82.4 (7.0)

Reliability sample
(N = 21)
71.1 [68.8 – 75.8]
14 (66.7)
18 [17 – 20]
29 [28 – 30]
85.1 (9.0)

28 [28 – 29]

29 [28 – 30]

52.5 (13.5)
90.2 (18.8)
77.8 (20.2)

54.3 (12.0)
97.7 (11.2)
80.4 (17.0)

60.4 (10.8)
102.7 (19.9)

63.1 (9.2)
106.8 (15.8)
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Fig. 3.2. Consistency of measures across stepping tests. Axis labels are indicated on the left. ‘y’ indicates
a vertical axis label, ‘x’ indicates a horizontal axis label. All axes represent centimeters. Negative degree
of misjudgment indicates an underestimation whereas positive values indicate an overestimation.
Pearson’s r values and p values are presented in the top left corner of each graph.

Fig. 3.3. Bland Altman plots. Columns represent perceived ability, actual ability and the degree of
misjudgment. Rows represent bar, river and step tests. Dotted lines represent the upper and lower limits
of agreement and the mean difference between the first and second rating.
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Test- retest reliability
ICC(2,1) values, SEM and upper and lower LoA are shown in Table 3.2, BlandAltman plots can be found in Fig. 3.3. Only the actual ability for the step test
showed excellent reliability (ICC(2,1) = 0.931, p < 0.001). Actual ability on the
bar test showed strong reliability (ICC(2,1) = 0.676, p < 0.001). All perceived
abilities showed moderate to strong reliability. The degree of misjudgment
showed moderate reliability on the river test (ICC(2,1) = 0.501, p < 0.05) and
poor reliability on the bar test (ICC(2,1) = -0.075, p = 0.629) and the step test
(ICC(2,1) = 0.377, p < 0.05).
3.4. Discussion
We tested the between test consistency and the test-retest reliability of three
stepping tests designed to measure self-perceived and actual stepping ability
in older adults. All tests showed consistency in participants’ perceived and
actual abilities. Only the step and river test showed weak consistency in
participants’ degrees of misjudgment. This was mainly because these measures
of misjudgment were based on the same measure of actual ability of a far step,
which will result in substantial covariance in the measure of misjudgment, as
this is the difference between perceived and actual ability. Sufficient reliability
was found to determine perceived and actual abilities, whereas the degree of
misjudgment was moderately reliable for only one test and not reliable for the
others.
3.4.1. Consistency
The three stepping tests measured two forms of stepping ability that we
expected to be highly related, stepping far and stepping high. Unsurprisingly,
we found moderate and strong consistency of the actual and perceived
stepping abilities, respectively, which supports the construct validity of the
stepping tests. However, we found poor to no consistency for the degree of
misjudgment determined from the differences between actual and perceived
abilities, similarly as shown for other comparable tests (N. Kluft, Bruijn, et
al., 2017). This indicates that older adults may overestimate or underestimate
their physical abilities more or in a different direction for some tasks as they
do for other tasks. Although our study was not designed to determine why
this differs per task, we speculate that the perceived riskfulness of the stepping
tests may have influenced the consistency of the degree of misjudgment over
our stepping tests. During the bar test, participants had to balance on one limb
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while trying to lift their other limb over the bar, which may be perceived as
more balance threatening than stepping far during the step test. The perceived
riskfulness of the bar test when stepping over the bar may have limited them
in performing to their actual maximum ability or altered their perception of
their own abilities relative to the task at hand (Carpenter, Frank, Silcher, &
Peysar, 2001; Clerkin, Cody, Stefanucci, Proffitt, & Teachman, 2009). Previous
studies also showed a similar effect, where participants would change their
behavioral decisions based on the perceived riskfullness associated with a
task (Comalli, Franchak, Char, & Adolph, 2013; S. N. Robinovitch, 1998).
This perceived riskfulness of a test may have led to variability in degrees of
misjudgment for the stepping tests. Furthermore, personal experience with
similar tasks may give participants a better understanding of the task at hand
and of their likelihood to succeed at it (Franchak, van der Zalm, & Adolph,
2010).
3.4.2. Reliability
Test-retest reliability of the actual ability on the step test was excellent, in
contrast to only moderate test-retest reliability of the actual ability on the bar
test. This latter finding was especially surprising as we expected actual ability
to remain stable during a time period of three weeks to three months. First,
this unexpected finding might be explained by the specific instructions of the
task. Although the instruction was to step over the bar without rotating the
foot or feet that carried the body weight along their vertical axis, participants
may have used minor rotations in one of the two occasions. Second, it is
possible that factors such as tiredness or dizziness may have had a larger effect
on the bar test than on the other tests, since the bar test relied more upon
balancing ability whereas the river test and step test relied more on muscle
strength and agility.
Test-retest reliability of the perceived abilities was moderate to strong, whereas
test-retest of the degree of misjudgment was moderate or worse. Participants
may have remembered if they overestimated or underestimated their stepping
ability during the first rating. Subsequently, they may have been more or less
cautious when indicating their perceived ability during the second rating.
Hence, this could have affected reliability of both the perceived ability and the
degree of misjudgment.
Another reason for the lower test-retest reliability of the degree of misjudgment
could be our method of determining misjudgment. We quantified the degree of
misjudgment by subtraction (N. Kluft, Bruijn, et al., 2017). It could be argued
that the degree of misjudgment may be dependent on the level of actual ability.
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People with better actual ability may have a better perception of their abilities,
since they might perform actions similar to the stepping tests more often in
daily life than people with poorer actual ability (Williams & Ericsson, 2005).
In that case, a relative value for the degree of misjudgment, for instance by
dividing perceived ability by actual ability, might be more suitable. However,
this assumption was not supported in a previous study on perceived and
actual gait ability in older adults (N. Kluft, van Dieen, et al., 2017). Moreover,
quantifying the degree of misjudgment as a ratio of perceived and actual
ability will increase the variance of the misjudgment measure leading to a
lower reliability.
Finally, although the subsample, used to assess test-retest reliability, was
subjected to more strict inclusion criteria than the total sample, we found no
relevant differences between the two samples, suggesting that the results from
the between test consistency analyses and the test-retest reliability analyses
can be extrapolated to similar samples of community-dwelling older adults.
3.4.3. Limitations
Our raters were not blinded for the result of the first measurements for the
test-retest reliability. This might have led to higher ICC estimates as raters
could have remembered this result at the time of the second measurement.
Furthermore, participants may have recollected their performance at the first
measurement, which could have influenced their perceived ability during
the second measurement. Of these two limitations, the latter seems to be the
most probable to have potentially influenced our results and may have led
to an overestimation of the reliability of perceived ability and the degree of
misjudgment.
The time between the first and the second assessment ranged from three
weeks to three months. Three weeks may have been relatively short and
participants may have had some memory of their ratings and performance
on the first assessment, which could have led to high reliability. In contrast,
in three months’ time events in daily life that would influence participants’
perceived or actual ability are more likely to have occurred, which would lead
to low reliability. However, as it is unlikely that many people suffered such a
life event within that period of time we expect that this could not have led to
biased results. Furthermore, the actual ability on the step test, which may also
change due to life events, remained constant. During the second assessment,
the physical condition of the participants was not assessed with methods other
than the three tests. However, from Table 3.1 it can be seen that there was no
relevant difference in physical functioning scores based on the questionnaires
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between assessments, suggesting relatively stable (self-reported) physical
conditions. Besides these limitations it should be taken into account that the
participants in this study were reasonably fit. Applying the described tests in
more frail populations may result in less of a ceiling effect.
Practical considerations
We designed and adapted the three stepping tests to be used for predicting falls
in older adults in future research. The advantage that these stepping tests have
over existing test is that they measure actual and perceived ability in a way that
overestimation and underestimation can be directly quantified as a degree of
misjudgment. As mentioned before, individual experience with situations
that we aimed to simulate with our stepping tests may influence consistency
and reliability of the degree of misjudgment. An individual’s experience in
dealing with stepping far or high may be proportional to how active a person
is in daily life and, thus, how often a person encounters similar challenges.
Therefore, it may be beneficial for future studies that develop fall prediction
models and consider using a combination of measures of perceived and actual
ability, to also include a measure of exposure, for instance through ambulation
monitors (Straker et al., 2014). Either way, future fall prediction models that
include measures of perceived and actual ability, using the described tests,
should consider not using a hard term such as the degree of misjudgment, but
rather include an interaction term between the perceived and actual ability
terms.
3.4.4. Conclusion
Actual and perceived stepping ability can be measured consistently over tests
and reliably over time, whereas the degree of misjudgment, defined as the
perceived ability minus the actual ability, cannot be determined consistently
over tests and reliably over time.
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Abstract
Purpose: To perform a cross-cultural adaptation of the mGES into Dutch and
investigate its construct validity, internal consistency, test-retest reliability and
floor and ceiling effects in a large cohort of community-dwelling older adults.
Methods: We translated the British version of the mGES into Dutch, back into
English, and had a native English speaker review the final version. Next, we
included 223 community-dwelling older adults from the ‘Veilig in Beweging
Blijven’ (VIBE) cohort (69.8 [67.6–74.3] years old, 155 (69.5%) female), who
filled out both the mGES and the Falls Efficacy Scale-International (FES-I)
twice, with a month in between. Construct validity was assessed by Spearman’s
correlation between the scores on the mGES and the FES-I. Internal consistency
was assessed with Cronbach’s alpha and test-retest reliability was assessed with
the intra class correlation coefficient (ICC(2,1)).
Results: Construct validity (rho=-0.81, p<0.001), internal consistency
(α=0.95), and test-retest reliability (ICC(2,1)=0.90, 95%CI=[0.87–0.92]) were
all excellent. Ceiling effect was observed in 44 (19.7%) participants which
suggest caution when evaluating the mGES for fit and confident older adults.
Conclusion: The Dutch mGES is a valid and reliable tool to assess confidence
in walking and is suggested as a tool for evaluating self-efficacy after
interventions aimed at improving gait.
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4.1. Introduction
Older adults may become less physically active and be at risk of falling when
they lose confidence in their ability to walk safely (Painter et al., 2012).
Interventions that improve confidence in walking may help to reduce these
risks (Sartor-Glittenberg, Bordenave, Bay, Bordenave, & Alexander, 2018;
Wetherell et al., 2018). To identify older adults that could benefit from such
an intervention, or to evaluate intervention effects, a valid and reliable tool
that assesses confidence in walking is required. Questionnaires such as the
Falls Efficacy Scale International (FES-I), the Activities Specific Balance scale
(ABC) and the Survey of Activities and Fear of Falling in the Elderly (SAFFE)
aim to assess self-efficacy or fear of falling regarding several physical abilities
related to balance and falling in older adults (Lachman et al., 1998; Powell &
Myers, 1995; Yardley et al., 2005). However, they are not specifically aimed at
walking abilities, while most falls in older adults occur during walking (W. P.
Berg, Alessio, Mills, & Tong, 1997; Stephen N. Robinovitch et al., 2013).
Self-efficacy and fear of falling can be considered as two different, but related,
concepts. Self-efficacy is the believe a person has in being able to perform a
certain task successfully (Bandura, 1977). Hence it is a task specific evaluation
of personal belief in one’s (physical) ability. For simplicity, we consider
confidence to be identical to self-efficacy. Fear of falling is a response triggered
by both feeling insecure about personal ability to perform a certain task and
the consequence of failing at a certain task (Legters, 2002). Hence, fear of
falling also involves a consideration of the consequence of failure, whereas
this is not necessarily implied in self-efficacy. However, the two concepts are
related as high fear of falling is present more often in individuals with low
self-efficacy than in individuals with high self-efficacy (Fuzhong et al., 2002).
In recent studies, quantity and quality of walking have been assessed in lab
situations and daily life using inertial measurement units, and were found
directly linked to falling (Bruijn, Meijer, Beek, & van Dieen, 2013; Ihlen et al.,
2016; Rispens et al., 2016; K. S. van Schooten, Rispens, Elders, van Dieen, &
Pijnappels, 2014). Yet, causal pathways between quantity and quality of walking
and falling are not sufficiently clear and additional information is necessary
to arrive at effective interventions or to improve existing ones. Self-efficacy
can limit the effectiveness of such interventions. To develop and improve
such interventions it is important to evaluate self-efficacy in the physical
attribute that the intervention aims to improve. Thus, an intervention that
aims to improve gait can best be evaluated with an instrument that assesses
self-perceived gait efficacy. Given that detailed gait assessments become more
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easy to implement in research as well as clinical practice, we believe there is a
need for a self-efficacy instrument that focusses specifically on gait.
The modified Gait Efficacy Scale (mGES) records answers to statements of
expectancy about one’s ability to safely perform walking tasks in different
scenarios. This questionnaire has been used to assess self-perceived gait
efficacy and to associate its scores with physical activity and gait performance
(Julius, Brach, Wert, & VanSwearingen, 2012; Newell et al., 2012; Rosengren,
McAuley, & Mihalko, 1998). The validity and reliability of the mGES were
found to be excellent in a population of British older adults, though a ceiling
effect indicated that some people might not find the depicted scenarios
challenging (Newell et al., 2012). In the present study, we performed a crosscultural adaptation of the mGES into Dutch and investigated its construct
validity, internal consistency, test-retest reliability and floor and ceiling effects
in a large cohort of community-dwelling older adults.
4.2. Methods
4.2.1. Study population
We analysed data of 284 community-dwelling adults of over 65 years old, who
were recruited in Amsterdam (The Netherlands) and the surrounding area as
part of the longitudinal observational study ‘Veilig in beweging blijven’ (VIBE
study). Participants were excluded if they were unable to walk 20 meters with
or without walking-aids, or if they were able to walk 20 meters but while doing
so experienced shortness of breath, became dizzy, or perceived pain in or
pressure on the chest. Furthermore, they were excluded if they were unable to
speak, read, and write Dutch and when their Mini Mental State Examination
(MMSE) (Folstein et al., 1975) score was equal to or lower than 18. The
protocol was approved by the ethics committee of the Faculty of Behavioural
and Movement Sciences of the Vrije Universiteit Amsterdam (VCWE-2016129) and all participants signed an informed-consent form.
4.2.2. Protocol
At baseline and again one month later, participants independently filled out, at
home, a set of questionnaires, including the mGES and the FES-I. At baseline,
they also filled out the Geriatric Depression Scale (GDS-15), an instrument
to measure depression symptoms on a scale from 0 to 15 (Sheikh & Yesavage,
1986). The baseline questionnaires were filled out on paper, while at onemonth follow-up participants had the option to fill out the questionnaires on
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paper or electronically.
4.2.3. The mGES questionnaire
The mGES is a self-report questionnaire measuring a person’s confidence
to safely perform walking related tasks (see Supplementary material S4.1)
(Newell et al., 2012). It contains 10 questions, which are answered on a scale
from 1, no confidence, to 10, complete confidence. Construct validity and
excellent reliability (ICC(2,1) = 0.93) and internal consistency (α = 0.94) were
shown in a British population, although there was a ceiling effect of 7.8 %
(Newell et al., 2012).
4.2.4. Translation of the British mGES to Dutch
We translated the British version of the mGES (Newell et al., 2012) to Dutch
according to the methods described by Beaton, Bombardier, Guillemin,
and Ferraz (2000), with the exception of stages four and five. During stage
one, two native Dutch translators translated the questionnaire from English
to Dutch. In stages two and three, the two translations were combined and
then translated back to English. Beaton and colleagues’ stage four requires an
expert committee to review the product of stage three (Beaton et al., 2000).
This expert committee should consist of a methodologist, health professionals,
language professionals, and the translators (Beaton et al., 2000). As an
alternative to stage four, we had a panel, consisting of two of the authors, one
who was also a translator, and an independent reviewer who was a medical
doctor, reviewing the combined version of stages one to three. Stage five of
Beaton’s guidelines suggests to submit the questionnaire to a small group of
subjects and interview them afterwards to confirm that the interpretation of
the individual questions remained consistent with the original questionnaire.
We did not perform stage five. Finally, a native English speaker did the final
review after we applied the changes suggested by the panel and we applied his
comments to create the final version.
4.2.5. The FES-I questionnaire
The FES-I is a self-report questionnaire measuring the amount of concern
for falling during everyday activities (Yardley et al., 2005). It contains 16
questions, which can be answered on a scale from 1, not concerned, to 4, very
concerned. The Dutch translation is a valid instrument with excellent internal
consistency (α = 0.96) and test-retest reliability (icc = 0.96) (Delbaere, Close,
Mikolaizak, et al., 2010; Yardley et al., 2005). Similar as for the mGES, we
instructed participants to fill out the FES-I at home.
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4.2.6. Statistical analysis
Statistical analyses were performed in R (R Core Team (2015), Vienna,
Austria). Participants were excluded if they had one or more missing values
for the mGES, more than four missing values for the FES-I, or had fallen in
between baseline and one-month follow-up. We also excluded participants
whose mGES score differed between baseline and follow-up by more than 40
points (arbitrarily chosen), as some participants appeared to have interpreted
the scales the wrong way around, answering 1 to nearly all questions where
they had answered 10 a month earlier. Results including these participants
can be found in supplementary material 4.B, page 124. Missing values in the
FES-I were substituted with averages when at least 12 of the 16 questions were
filled out .
Descriptive statistics were used to describe the population. Normality of data
distribution was visually inspected. Mean and standard deviation were used in
normally distributed measures. Median and interquartile ranges (IQR) were
used in non-normally distributed measures. Total number and percentage
were used for binomial and multinomial measures.
Ceiling and floor effects were defined as the number of participants that scored
the maximum or minimum value on a scale, respectively. We considered
a percentage of 15% or more to be an indication of poor questionnaire
performance (McHorney & Tarlov, 1995). Furthermore, post hoc, we
performed a stepwise backwards logistic regression analysis to find out what
participant characteristics are associated with ceiling effects on the mGES.
The outcome value was having reached the maximum value on the mGES
at baseline, the predictors were age, gender, GDS score, body height, body
mass, fall history, HGF, education and having filled out the questionnaire
electronically during follow-up.
Construct validity of the mGES was assessed by determining Spearman’s
correlation coefficient between the mGES scores and the FES-I scores at
baseline. The FES-I contains items relating to self-efficacy in a domain closely
related to walking safety but asks subjects for their concern for falling, whereas
the mGES asks for confidence. Therefore, we classified a rho above -0.20 as
very weak, -0.20 to -0.39 as weak, -0.40 to -0.59 as moderate, -0.60 to -0.79 as
strong and -0.80 and below as excellent evidence for the construct validity of
the mGES (Evans, 1996).”
Internal consistency was assessed by determining Cronbach’s Alpha at
baseline. Alpha values between 0.70 and 0.90 are considered excellent, whereas
values <0.70 indicate inconsistency and values >0.90 indicate redundancy of
questionnaire items (De Vet, Terwee, Mokkink, & Knol, 2011).
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Test-retest reliability was assessed by estimating ICC and upper and lower
Limits of Agreement (LoA) using R package ‘irr’ version 0.84 (Gamer et al.,
2012) based on a single-rating (k = 1), absolute-agreement, 2-way mixedeffects model between baseline and follow-up. An absolute agreement model,
instead of a consistency model, was chosen because in an absolute agreement
model a systematic difference between ratings is penalized, while in a
consistency model it is not. We considered ICC estimates below 0.4 as poor,
between 0.4 and 0.59 as moderate, between 0.6 and 0.79 as strong and above
0.8 as excellent (Kottner et al., 2011).
Measurement error was quantified by the Standard Error of Measurement
(SEM) which was determined from the square root of the summation of the
between day and residual variance components from an ANOVA (De Vet et al.,
2011; Weir, 2005). Furthermore, we determined the smallest detectable change
(SDC), also referred to as the minimal difference needed to be considered real,
by multiplying the SEM by 1.96 and the square root of 2 (Weir, 2005).
4.3. Results
Of the 284 community-dwelling older adults, we included a total of 223
participants. We excluded 27 participants for not filling out sufficient numbers
of items of either or both of the questionnaires at baseline or follow-up. Another
24 participants were excluded, because they had fallen between baseline and
follow-up, which may have affected their confidence. Finally, ten participants
were excluded because their baseline and follow-up mGES scores differed by
more than 40 points, indicating that they had misinterpreted the questionnaire
either, but not both, at baseline or at follow-up. Sensitivity analysis including
these ten participants can be found in supplementary material 4.2. Table 4.1
shows the descriptive statistics of the remaining 223 participants.
The mGES showed a ceiling effect (19.7% of participants at ceiling) and the
FES-I showed a similar floor effect (17.0% of participants at floor). A stepwise
backwards logistic regression model revealed four participant characteristics
to be associated with the ceiling effect of the mGES: GDS score (OR = 0.97,
95% CI [0.95 – 1.00], p = 0.047), body mass (OR = 0.99, 95% CI [0.99 – 1.00],
p = 0.005), HGF (OR = 1.01, 95% CI [1.01 – 1.01], p < 0.001) and having
filled out the questionnaire electronically during follow-up (OR = 1.12, 95%
CI [1.01 – 1.24], p = 0.040). The explained variance of this model was poor
(r-squared = 0.16).
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Table 4.1. Participant characteristics. All values are means and standard deviation (SD) unless otherwise
noted. Fall history is the number of participants that reported to have fallen at least twice in the 12
months prior to the baseline assessment. Percentages at ceiling (mGES) and floor (FES-I) are given,
there were no participants at floor (mGES) or ceiling (FES-I).

N = 223
General
Age (years), median [IQR]
Female, N (%)
GDS, median [IQR]
Body height (cm)
Body mass (kg)
Fall history, N (%)
Education level, N (%)
Higher forms of education
Lower and general intermediate
vocational education
Elementary education
Did not answer
Baseline
mGES, median [IQR]
mGES at ceiling, N (%)
FES-I, median [IQR]
FES-I at floor, N (%)
Follow-up
mGES, median [IQR]
mGES at ceiling, N (%)
Electronic questionnaire, N (%)

69.8 [67.6 – 74.3]
155 (69.5)
1 [0 – 2]
169.12 (8.44)
74.03 (13.31)
53 (23.8)
177 (79.4)
39 (17.5)
6 (2.7)
1 (0.4)
92 [83 – 98]
44 (19.7)
19 [17 – 22]
38 (17.0)
94 [84 – 99]
46 (20.6)
89 (39.9)

Table 4.2 summarizes the construct validity and reliability results for the
mGES, which are explained in more detail in the following sections.
4.3.1. Construct validity
Construct validity was assessed by determining the correlation between the
mGES and the FES-I. Fig. 4.1A shows that the two questionnaires had an
excellent correlation (rho = -0.82, p < 0.001), although there seems to be less
consistency for low mGES and high FES-I scores as can be observed from the
wider spread of scores in those ranges.
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Table 4.2. Construct validity and reliability of the mGES.

Construct validity
Correlation between mGES and
FES-I, rspearman (p-value)
Reliability
Internal consistency, α
Test-retest reliability, ICC(2,1) [95%
CI]
SEM
Limits of Agreement
Smallest detectable change

-0.81 (p < 0.001)

0.95
0.90 [0.87 – 0.92]
4.7
-13.7 – 11.9
13.0

Fig. 4.1. A) Scatter plot of the mGES and FES-I. The size of the dots represents the number of
participants (n). B) Bland-Altman plot showing the difference between baseline and follow-up mGES
scores (baseline minus follow-up scores) as a function of the mean of baseline and follow-up scores. The
centre dotted line represents the mean difference in mGES score between the two assessments. The outer
dotted lines represent the upper and lower LoA.
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4.3.2. Internal consistency and test re-test reliability
Internal consistency for the ten items of the mGES was high (α = 0.95),
indicating that some questions may be redundant. We also examined test
re-test reliability, by determining the agreement of mGES scores at baseline
with scores at follow-up. We found that the mGES questionnaire had excellent
reliability when measured twice, with a period of one month in between
measurements (ICC(2,1) = 0.90, 95% CI = [0.87 – 0.92]). The SEM was 4.7,
the lower and upper LoA were -13.7 and 11.9, respectively, and the SDC was
13.0. Fig. 4.1B shows a Bland-Altman plot of the mGES scores. Differences
between assessments seem to be equally present for people with high or low
mGES scores.
4.4. Discussion
In this study, we assessed the construct validity, internal consistency and test
re-test reliability of the Dutch translation of the mGES in a Dutch population
of older adults and found these to be excellent, although the high internal
consistency indicated that some items may be redundant. Furthermore, a
relatively large ceiling effect was found, indicating that care should be taken
when using the scale in physically fit older adults without symptoms of
depression.
Compared to the original validation study of the mGES by Newell and
colleagues (2012), our translated version of the mGES showed similar values
for internal consistency, test-retest reliability, SEM and limits of agreement and
was similarly associated with scores on a questionnaire for falls efficacy. An
important difference between the two studies was reflected in the participant
characteristics, suggesting that our population was less heterogeneous than
theirs. Furthermore, their results may have been less influenced by ceiling
effects, as only 7.8% of their participants scored the maximum value on the
mGES versus 19.7% in our population whereas a cut-off of 15% is commonly
used to determine if the ceiling effect has a negative impact on the questionnaire
performance (McHorney & Tarlov, 1995). To identify characteristics of
participants who had scored the maximum value on the mGES, indicating
complete confidence in their ability to safely perform gait related activities, we
performed a stepwise backwards logistic regression analysis. The explained
variance of this model was poor (r-squared = 0.16). Still, we advise not to use
the mGES in a population of physically fit older adults without symptoms of
depression, to avoid ceiling effects.
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As stated above, some items of the mGES may have been redundant as indicated
by the high internal consistency. The original version of the mGES reported a
similar Cronbach’s alpha and tested whether exclusion of items would change
the consistency of the questionnaire, which it did not (Newell et al., 2012). In
order to keep the British and Dutch versions as comparable as possible we do
not recommend excluding questions from the Dutch version of the mGES.
Unlike the study of Newell and colleagues (2012), we asked participants to
fill out the questionnaire independently. We found that this approach worked
well with most participants, although ten participants, who were excluded
from the analyses (see supplementary material S4.2 for results including these
10 participants), had large differences between their baseline mGES score and
their follow-up score. These participants did not show a similar change in
FES-I score. As such, we belief that they had filled out the mGES questionnaire
incorrectly, indicating low scores (no confidence) when they had meant to
indicate high scores (complete confidence). It is possible that participants
did not read the instructions properly, or it may be that the instructions were
not clear enough. Nine out of these ten participants filled out the mGES
electronically during follow-up. The major difference between the paper and
electronical version of the mGES was that in the electronic version the labels
“no confidence” and “complete confidence” were only shown at the top of
the questionnaire. The scale on which the participant had to indicate their
level of confidence only showed the number from one to ten. When asking
older adults to fill-out this questionnaire independently, we advise to provide
clear and concise instructions and to always add the labels “no confidence”
and “complete confidence” to the scale for each individual item. The visual
appearance of the scale may also benefit from a different format, for instance
by adding pictograms or by increasing the font size of the classifications ‘no
confidence’ and ‘complete confidence’ that accompany the numbered scale
and placing them at the same height as the scale instead of placing them
underneath it (Supplementary material S4.1). The majority of participants,
however, did not appear to have problems with filling-out the questionnaire
and very few left items unanswered.
We also observed that FES-I scores of participants with a low mGES scores
were less consistent than those of participants with high mGES scores,
although this was not statistically tested. It may reflect the notion that efficacy
is task specific and task-related differences may be most apparent in people
who are concerned or not confident (Bandura, 1977). Compared to the items
of the mGES, the items in the FES-I have a wider range of proposed scenarios,
ranging from walking related activities to balancing related activities such as
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getting (un)dressed. It is therefore conceivable that older adults who are not
confident in their walking ability are still confident in other, i.e. balancing,
activities, or vice versa.
We believe that the one-month interval between the baseline and follow-up
measurement should prevent recall bias as much as possible while at the same
time ensuring that a person’s gait efficacy remained stable, such that test-retest
reliability could be adequately tested. Considering that we found relatively high
test-retest reliability (ICC(2,1) = 0.90) we do not believe that our conclusions
would be altered by a shorter time interval between assessments. However,
the interval was arbitrarily chosen and it is possible that recall bias may have
inflated test-retest reliability.
The strengths of our study are its sample size and the thorough translation
process involving a committee consisting of individuals from multiple
disciplines. Some limitations have already been discussed; namely, that we did
not submit the translated questionnaire to a small group to confirm that the
interpretation by the participants was the same as the original British version,
that the length of the follow-up period was arbitrarily chosen and that there
was a strong ceiling effect in our population. Another limitation may be that
in neither our study nor in the study by Newell and colleagues (2012) a factor
analysis was performed and hence structural validity has not been tested.
Furthermore, we deliberately did not relate the results of the mGES to actual
gait performance as a means of construct validity. Previous literature has
shown that self-perceived performance may not be a consistent representation
of older people’s actual performance (Delbaere et al., 2010). Hence, we deem
testing the construct validity of a self-efficacy scale by its relation to actual
performance not suitable. Nevertheless, future research should focus on
whether and how this questionnaire can be used for goal-setting to meet one’s
actual gait ability during rehabilitation and how responsive the questionnaire
is in clinical populations.
4.4.1. Conclusion
We conclude that the Dutch translation of the mGES is a valid and reliable tool
for assessing self-perceived gait efficacy in community-dwelling older adults.
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Supplementary material chapter 4
S4.1 The Dutch modified Gait Efficacy Scale
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S4.2. Supplementary analyses
Here we describe the results of the supplementary analysis in which we tested whether
excluding the participants with a large difference between their baseline and follow-up
mGES score had a substantial effect on the construct validity and reliability of the mGES
as determined with the analysis described in the main manuscript. In this supplementary
analysis, we included these 10 participants after we inverted their follow-up mGES scores
From Table S4.2.1 it can be seen that none of the participants, who had a large difference in
mGES score, showed a large difference in FES score, from baseline to follow-up. Furthermore,
FES-I scores were relatively high. Therefore, we assumed that the mGES score at follow-up was
incorrect and we inverted the scores of these 10 participants in this supplementary analysis.
Including these 10 additional participants had no major effects on the participant
characteristics, which can be observed in Table S4.2.2. However, it may be relevant to note
that nine out of the ten participants whose mGES scores differed by more than 40 points filled
out the follow-up questionnaire via internet instead of on paper.
Table S4.2.1. GES and FES scores. GES and FES-I scores of the participants whose GES scores differed
more than 40 points between baseline and follow-up.

Participant

Baseline mGES

Follow-up mGES

Baseline FES-I

Follow-up FES-I

1

84

14

23

22

2

97

12

18

17

3

83

13

22

18

4

93

11

16

16

5

97

13

19

18

6

100

10

16

16

7

100

10

17

17

8

96

10

17

18

9

85

14

22

17

10

84

17

20

20
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Table S4.2.2. Participant characteristics. All values are means (standard deviation (SD)) unless
otherwise noted. Fall history is the number of participants that reported to have fallen at least twice
in the 12 months prior to the baseline assessment. Percentages at ceiling (mGES) and floor (FES-I) are
given, there were no participants at floor (mGES) or ceiling (FES-I).

N = 234
General
Age (years), median [IQR] 69.9 [67.7 – 74.5]
Female, N (%) 161 (68.8)
GDS, median [IQR] 1 [0 – 2]
Height (cm) 169.22 (8.36)
Weight (cm) 73.96 (13.11)
Fall history, N (%) 58 (24.8)
Education level, N (%)
Higher forms of education 186 (79.5)
Lower and general intermediate 41 (17.5)
vocational education
Elementary education 6 (2.6)
Did not answer 1 (0.4)
Baseline
mGES, median [IQR] 92 [83 – 98]
mGES at ceiling, N (%) 46 (19.7)
FES-I, median [IQR] 19 [17 – 22]
FES-I at ceiling, N (%) 40 (17.1)
Follow-up
mGES, median [IQR] 95 [84 – 99]
mGES at ceiling, N (%) 49 (21.0)
Electronic questionnaire, N (%) 98 (41.9)

Construct validity
Construct validity did not differ substantially. As can be seen from Figure S4.2.1, the
correlation between the mGES and the FES-I remained excellent.
Internal consistency and test re-test reliability
Internal consistency did also not change when we added the additional participants and
remained equal at α = 0.945. Test re-test reliability decreased, though in no way substantially.
The ICC remained excellent (ICC(2,1) = 0.887, 95% CI = [0.855 – 0.912]), the SEM was 4.9
and the lower and upper LoA were -14.36 and 11.93, respectively. Figure S4.2 shows the
Bland-Altman plot of the mGES scores. Differences between assessments still seem to be
equally present for people with high and low mGES scores.
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Figure S4.2.1. Scatter plot of the mGES and FES-I. The size of the dots represents the number of
participants (n).

Figure S4.2.2. Bland-Altman plot showing the difference between baseline and follow-up mGES scores
as a function of the mean of baseline and follow-up scores. The centre dotted line represents the mean
difference in mGES score between the two assessments. The outer dotted lines represent the upper and
lower LoA.
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The short- and long-term temporal relation
between falls and concern about falling
in older adults without a recent history of
falling
Weijer, R. H. A., Hoozemans, M. J. M.,
Meijer, O. G., van Dieën, J. H. &
Pijnappels, M.
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Abstract
Background and aim: The reciprocal relation between falling and concern
about falling is complex and not well understood. We aimed to determine
whether concern about falling increases after a fall and whether concern about
falling increases the odds of future falls in community-dwelling older adults
without a recent fall history.
Methods: We selected 118 community-dwelling older adults (mean age:
71.4 (SD: 5.3) years) without a self-reported history of falling, one year prior
to baseline assessment, from the one-year VIBE cohort for analyses. On a
monthly basis, we recorded concern about falling (using the Falls Efficacy
Scale-International, FES-I), as well as the occurrence of falls (through
questionnaires and telephone calls). We determined 1) whether falling
predicts an increase in concern about falling and 2) whether a high concern
about falling is predictive of falling. Standard linear (fixed-effects) regression
and mixed effects regression analyses were performed over long-term, i.e. one
year, and short-term, i.e. one-month, intervals, respectively and were adjusted
for gender, age and physical activity (quantified as the average total walking
duration per day). Analyses were performed separately for all reported falls
and for injurious falls only.
Results: High concern about falling at baseline did not predict falls over the
course of one year, nor over the course of one month. Furthermore, falls in
between baseline assessment and one year thereafter did not predict increased
concern about falling from baseline to one year later, independent of whether
all falls or only injurious falls were considered. However, falls, either all or
injurious only, happening somewhere over the course of a one-month interval,
significantly predicted small increases in concern about falling (1.49 FES-I
points, 95% CI [0.74, 2.25], p<0.001 for all falls; 2.60 FES-I points, 95% CI
[1.55, 3.64], p<0.001 for injurious falls) from the start to the end of that onemonth interval.
Conclusion: Older adults without a recent history of falling seem to be resilient
against developing concern about falling after having fallen, resulting in a
short-term temporary effect of falling on concern about falling. Furthermore,
we found no evidence that a high concern about falling predicts future falls
over a one-month or a one-year follow-up period, suggesting that concern is
not a primary cause for falls in older adults without a recent history of falling.
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5.1 Introduction
The relation between falls and concern about falling is not well understood.
This may be so because concern about falling is ill-defined and in practice
assessed using different questionnaires that actually measure a range of
psychological constructs, including for instance fear (Moore & Ellis, 2008).
Also, different populations have been the focus of investigation, ranging from
community dwelling older adults without a recent history of falling, to people
who may have entered a commonly suggested vicious cycle in which a fall
increases concern about falling, which in turn promotes falling (Friedman,
Munoz, West, Rubin, & Fried, 2002; K. A. Hauer et al., 2011). So far, however,
it has remained unclear if a fall increases concern and/or if high concern
increases fall incidence. This is the topic of the present study, which focuses on
concern about falling, as measured with the Falls Efficacy Scale International
(FES-I), a questionnaire that has frequently been used in fall-related research
and has been translated into many different languages (Yardley et al., 2005).
Moreover, we studied community dwelling elderly without a recent history
of falling. A better understanding of the relation between falls and concern
about falling is not only theoretically relevant but may help to optimize fall
prevention in community-dwelling older adults.
Pathways through which concern about falling may affect the risk of falling
have been described previously. Attention allocation while walking may be
altered in response to concern about falling (Gage, Sleik, Polych, McKenzie,
& Brown, 2003) and hence threatening objects in the surrounding receive
more visual and cognitive attention (Young & Williams, 2015). This
adaptation seems to give more time to anticipate obstacles, but becomes
counterproductive in more complex environments with multiple obstacles,
especially while dual-tasking (Toby J Ellmers, Cocks, Kal, & Young, 2020; T.
J. Ellmers & Young, 2018), and may lead to trips and falls (Young & Hollands,
2012; Young, Wing, & Hollands, 2012). Furthermore, concern about falling
can indirectly lead to falling through activity restriction and thereby induced
physical decline (Delbaere, Crombez, Vanderstraeten, Willems, & Cambier,
2004; Hadjistavropoulos, Delbaere, & Fitzgerald, 2011). It should be noted
that it may take time for physical decline to become so severe that it increases
fall risk.
Delbaere and colleagues (2010; 2010) recorded falls every month and concern
about falling, measured with the FES-I, every three months in a group of
older adults (70-90 years of age), some of whom had a history of falling.
They showed that concern about falling increased over time in these older
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adults. This was not different for groups of participants who did not fall, fell
once or fell multiple times, nor for people who experienced injurious falls
(Delbaere, Close, Mikolaizak, et al., 2010). The latter may be surprising as it
may be expected that falls with serious negative health effects are more likely
to increase concern about falling than relatively harmless falls. In the same
population in which Delbaere and colleagues (2010) showed that falls did
not affect concern about falling, they showed that concern about falling was
predictive of falls in the following year (Delbaere, Close, Brodaty, et al., 2010).
To our knowledge, the studies by Delbaere and colleagues (2010; 2010) are
the only studies that investigated both directions of the relation between falls
and concern about falling, measured with the FES-I, in the same population.
However, they evaluated each direction of the association separately and
with different statistical analyses, hampering a direct comparison of the
interrelations between falls and concern about falling. Moreover, a large part
of their participants had already fallen before the study started. This makes
it difficult to accurately assess the direction of the relation between falls and
concern about falling. Concern about falling in people who have recently
fallen may be differently affected by a subsequent fall and people who have
recently fallen may be prone to fall in the future due to other factors underlying
both falls and concern about falling, which would bias any findings on the
relationship between concern about falling and future falls. Therefore, in our
study, we only included participants who had not fallen in the previous year.
The aim of this paper was to determine whether falling negatively affects
concern about falling and whether concern about falling is predictive of
experiencing a future fall in older adults without a recent history of falling.
We first evaluated these relations over a long-term period, i.e. one year, as
this timeframe is most often used in fall prediction models and will help to
place our results in context of findings of other studies. Next, since a oneyear interval is rather long and the effect of a fall on concern about falling
may recover or become more pronounced within this time period, we also
evaluated the short-term relation over (subsequent) one-month intervals. We
performed all analyses with all types of falls and with only injurious falls, as
we believe that injurious falls may have a more pronounced effect on concern
about falling than less harmful falls. We hypothesized that falls will increase
older people’s concern about falling when performing daily activities and that
this increase in concern is strongest when assessed over a one-month interval.
We also hypothesized that a high concern about falling is predictive of future
falls over both one-month and one-year intervals.
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5.2 Methods
We analyzed data of 118 out of 287 community dwelling older adults who
participated in the “Veilig in Beweging blijven” (VIBE) study, which translates
to “Safely remaining active” and was ongoing from 2017 to 2018. Participants
were community-dwelling older adults, who were recruited by flyers and
newsletter advertisements in the Netherlands in 2017. They were included in
the study if they were 65 years of age or older, if their Mini Mental State Exam
(MMSE) (Folstein et al., 1975) score exceeded 19 out of 30 points and if they
were able to walk at least 20 m, with walking aid if needed, without becoming
short of breath or suffering chest pain. The ethical committee of the Faculty
of Behavioural and Movement Sciences of the Vrije Universiteit Amsterdam
approved the protocol (VCWE-2016-129) and all participants signed an
informed consent form.

Fig. 5.1. Timeline of study assessments. Short-term and long-term periods are defined to determine
whether concern about falling at the start of such a period is predictive for falling within such a period
and whether falling within such a period is predictive of having increased concern about falling at the
end of that period compared to the start of that period.. At baseline, a participant’s first assessment,
participants reported any falls they had experienced in the previous year and physical activity during
one-week, age and gender were recorded.

5.2.1. Fall history
At baseline, participants were asked how often they had fallen in the previous
year (Fig. 5.1). A fall was defined as an unintentional change in position
resulting in coming to rest at a lower level or on the ground (Gibson, 1987).
Participants who reported one or more retrospective falls were excluded from
the present analysis, leading to the inclusion of 118 out of 287 participants.
5.2.2. Fall incidence
Falls (see definition of a fall under Fall history) were recorded during the longterm study period of one year after baseline assessment (Fig. 5.1). Participants
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were instructed to record any fall they experienced in a fall diary and,
additionally, they were called each month by telephone to ask them if they
had fallen. When participants indicated that they had fallen, they were asked
to indicate the date of the fall and any related injury.
5.2.3. Concern about falling
All participants received a set of questionnaires, either on paper or electronically,
each month over a one-year period for a total of 13 questionnaires (Fig. 5.1).
They were instructed to fill out the questionnaires independently at home.
The set of questionnaires included the FES-I (Yardley et al., 2005), which is
a self-report questionnaire measuring concern about falling during everyday
activities. It contains 16 items (e.g., “How concerned are you that you might
fall if you are cleaning the house”), which can be answered on a scale from
1, not at all concerned, to 4, very concerned. The combined score of these
items can range between 16, not at all concerned, and 64, very concerned. The
Dutch version was shown to be valid and reliable with an excellent internal
consistency (α = 0.96) and four-weeks test-retest reliability (intra-class
correlation coefficient = 0.82) in a population that included fallers and nonfallers (Kempen et al., 2007). The final three questions of the FES-I were not
recorded in 25% of the questionnaires because they were accidentally missing
in the electronic version of the questionnaire that was send during the first
period of the current study. A maximum of four missing items were replaced
with the average of the completed items (Kempen et al., 2007).
5.2.4. Covariates
Covariates included age, gender, and the average walking duration in minutes
per day as measured with a trunk-worn inertial sensor. Age and gender are
known to be associated with both fall frequency and concern about falling
(Ambrose et al., 2013; Yardley et al., 2005), hence they may bias the results of
our analyses if not accounted for.
The amount of walking activity may also affect our findings, as more active
people may be more exposed to situations in which they are at risk of falling,
but more active people may also have a better estimate of their physical ability
(Ryota Sakurai et al., 2020) and this estimate may affect the level of concern
a person has about falling. We therefore included walking duration per day
to control for exposure to balance threats and to control for experience
through which concern about falling may be updated.Walking duration per
day was determined from inertial sensor data collected directly following the
baseline and one-year follow-up assessments for seven times 24 consecutive
70

Chapter 5
hours. The tri-axial inertial sensor (DynaPort MoveMonitorPlus, McRoberts,
The Hague, The Netherlands) assessed accelerations in vertical, horizontal
and mediolateral directions, with a sample rate of 100 Hz and had a range
of -8g to +8g. The participants were instructed to wear the inertial sensors at
all times, except during aquatic activities (e.g., taking a shower). The inertial
sensor was placed dorsally on the trunk at the level of L3 using an elastic
band. Locomotion bouts were detected using activity classification algorithms
developed by the manufacturer (Dijkstra et al., 2010). The duration of these
walking bouts was determined from days on which the monitor was worn for
at least 12 hours, which were considered to be valid days. Participants needed
at least two valid days for their walking duration to be validly determined,
otherwise we considered it to be missing (Matthews, Ainsworth, Thompson,
& Bassett, 2002; K. S. van Schooten, Rispens, et al., 2015). The average walking
duration per day was defined as the mean of the total duration of walking
on valid days divided by the total recording time, independent of whether
the device was worn or not, on valid days. As the battery of the devices was
sometimes depleted several minutes before the end of the assessment, this
method ensured that all walking duration data were comparable between
participants.
Age and walking duration per day were z-transformed.
5.2.5. Population descriptives
The Quickscreen fall risk assessment tool was used to indicate fall risk at the
start of the study (Tiedemann, Lord, & Sherrington, 2010). The Quickscreen
consists of the assessment of physical performance, fall history and use of
medication. Based on the number of identified risk factors, participants were
divided into one of four subgroups: very- low (0 or 1 risk factor), low (2 or 3
risk factors), moderate (4 risk factors) or high (5 or more risk factors) fall risk,
as described in Tiedemann and colleagues 2010.
Participants’ handgrip strength was assessed with a dynamometer (Reijnierse
et al., 2017). They were instructed to squeeze the dynamometer as forceful
as possible, twice with each hand, while standing and holding their arms
stretched downwards by their side without touching their body. We calculated
the mean peak force (in kilograms) from the hands and summed the highest
scores of each hand.
Number of comorbidities, the use of walking aids and education were selfreported by participants.
5.2.6. Statistical analysis
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Statistical analyses were aimed at determining whether concern about falling
at the start of a short-term (one month) or the long-term (12-month) period
is predictive for falling within such a period and whether falling within such a
period is predictive of having an increase in concern about falling at the end of
that period compared to the start of that period. All analyses were performed
twice: first with all reported falls and then with injurious falls only. For the
short-term (one-month), interval, we only analyzed data up to and including
the assessment at the end of a one-month period during which a person had
fallen for the first time. Any subsequent assessments were excluded from the
analysis as that person would no longer be a person without a recent history of
falling at that time. In all models, we considered accounting for the covariates
age, gender and average total walking duration as determined from one-week
inertial sensor monitoring. However, these covariates were only added to the
models if their correlation with the predictor variable was less or equal to
r = 0.6 (to prevent collinearity) and if including the covariate in the model
changed the regression coefficient of the main predictor variable (either falling
or concern about falling) by 10 percent or more. “Crude” models, which were
not adjusted for confounding by covariates, are presented in Table S5.2.
5.2.6.1. Is concern about falling increased after a fall?
First, we assessed whether concern about falling was increased after a fall,
when comparing the concern about falling at the start of either the short-term
(one month) period or the long-term (one year) period with the end of that
period. For the long-term interval, we fitted a linear (fixed-effects) regression
model (see equation 1) that predicted changes in concern about falling that
occurred between baseline and one year later, depending on whether people
had fallen at least once in between these measurements. FES-I at baseline was
a predictor for FES-I at the end of the study (one year after baseline) such that
the regression coefficient of falling would indicate a change in FES-I score
from start to the end of the whole one year study.
(1)
where FESIFi is the FES-I score at the end of the study (one year after baseline)
for participant i, Falli is a dichotomous variable which equals 0 if participant
i had not fallen and 1 if he or she had fallen, FESIBi is the FES-I score at
the baseline measurement for participant i, β0…n are regression coefficients
estimated with maximum likelihood, Covni are potential covariates 1 through
n for participant i and εi is the residual error for participant i.
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For the short-term interval, we used a mixed effects linear regression model
(Pinheiro, Bates, DebRoy, Sarkar, & RCoreTeam, 2019) (see equation 2), to test
whether concern about falling increased from one month to the next when a
person had fallen in between assessments.
(2)
where FESIi,j+1 is the FES-I score for participant i at the start of month j+1,
Falli,j is a dichotomous variable which equals 0 if participant i did not fall and
1 if he or she did fall in between the start of month j and the start of month
j+1, FESIi,j is the FES-I score for participant i at the start of month j, β1…n are
regression coefficients estimated with maximum likelihood, β0,i is a regression
intercept estimated for participant i with maximum likelihood, i.e. random
intercept, Covn,i,j are potential covariates 1 through n for participant i at the
start of month j and εi,j is the residual error for participant i at the start of
month j.
5.2.6.2. Does a high concern about falling increase the odds of falling?
Next, we assessed whether the odds of falling was increased with the level of
concern about falling, over a long-term, i.e. one-year, and short-term, i.e. onemonth, interval. For the long-term interval, we fitted a (fixed-effects) logistic
regression model (see equation 3) that predicted the probability of falling
during a one-year follow-up depending on participants’ concern about falling
at the start of the follow-up period.
(3)
where p(Fall)i is the probability of falling for participant i in the one-year
follow-up and all other elements correspond to the elements described in
equation 1.
For the short-term interval, we used a mixed effects logistic regression model
(Bates, Mächler, Bolker, & Walker, 2015) (see equation 4), to test whether
concern about falling increased over one month when a person had fallen in
between assessments.
(4)
where p(Fall)i,j is the probability of falling for participant i in between the start
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of month j and the start of month j+1 and all other elements correspond to the
elements described in equation 2.
All analyses were performed in R (R Core Team (2014), Vienna, Austria).
Alpha was set at 0.05 and 95% Confidence Intervals (CI) were determined.
Regression coefficients (β) from logistic models were converted to Odds
Ratios (OR = eβ).
5.3 Results
Characteristics of the 118 participants that were selected for analyses are
presented in Table 5.1. The group with a history of falling, whom we excluded
from our analyses (n = 114), was of similar age (71.7 (5.76)), had a similar
proportion of women (79 (69.3%) women), but was more concerned about
falling (median FES-I: 20 [18-23]) and fell more often during the one-year
study period (number of fallers: 67 (58.8%), number of people with injurious
falls: 41 (36.0%)) than the people without a recent history of falling (n =
118, average age: 71.4 (5.3), woman: 82 (69.5%), median FES-I: 18 [17-21],
number of people with falls: 60 (49.2%), number of people with injurious
falls: 40 (33.9%)). The development of concern about falling five monthly
questionnaires before and five monthly questionnaires after either a noninjurious fall or a injurious fall is displayed in Fig. 5.2. From this figure it can
be seen that in the two months following a fall the distribution of FES-I scores
after the fall was wider than before a fall, with a longer tail towards high (more
concerned) scores.
5.3.1. Is concern about falling increased after a fall?
Over a long-term, i.e. one year, interval, falling (whether or not with an injury)
did not significantly change people’s concern about falling from baseline to
one-year after baseline (βfall = -0.01, 95% CI [-0.88, 0.85], points on the FES-I,
p = 0.974; βinjuriousfall = -0.15, 95% CI[-1.06, 0.76], points on the FES-I, p =
0.747). Over a short-term interval, we found that after any type of fall, concern
about falling significantly increased (βFall = 1.49, 95% CI [0.74, 2.25] points on
the FES-I, p < 0.001) and a larger significant increase was observed after an
injurious fall (βinjuriousfall= 2.60, 95% CI [1.55, 3.64], points on the FES-I, p <
0.001).
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Table 5.1. Participant characteristics. All values are means (standard deviation) assessed at baseline
unless otherwise noted. IQR = Inter quartile range. Changes in walking duration and FES-I scores from
baseline assessment to one-year later are presented, positive values represent increases, negative values
represent decreases. 1 information on six participants was missing. 2 information on one participant
was missing.

Age, years
Female, n (%)
Body height, cm
Body weight, kg
Baseline Quickscreen, n (%)1
Very low fall risk
Low fall risk
Moderate fall risk
High fall risk
Combined hand grip strength, kg
Baseline daily walking duration, min/day
One-year change in daily walking
duration, min/day
Use of walking aid, n (%)
Highest achieved education, n (%)
Higher education
Lower secondary education
Primary education
MMSE score, median [IQR]
Self-reported comorbidities, n (%)
Diabetes
High blood pressure
Low blood pressure
Cerebral infarction
Myocardial infarction
Thyroid condition
Asthma or Chronic Obstructive
Pulmonary Disease
Pain in joints
Osteoporosis

N=118
71.4 (5.3)
82 (69.5)
169.0 (8.3)
73.8 (12.6)
45 (38.1)
60 (50.8)
4 (3.4)
3 (2.5)
60.4 (16.7)
84.6 (31.4)
-0.2 (19.9)
3 (2.5)2
96 (81.4)
19 (16.1)
3 (2.5)
28 [28, 29]
5 (4.2)
35 (29.7)
6 (5.1)
5 (4.2)
9 (7.6)
6 (5.1)
9 (7.6)
50 (42.4)
15 (12.7)1
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Time between completion of monthly
follow-up questionnaires, median [IQR],
days
Baseline FES-I score, median [IQR]
One-year change in FES-I score, median
[IQR]
Number of falls experienced during the
one-year study period, n (%)
None
One
Two or more

30 [28, 35]
18 [17, 21]
0 [-1, 1]
All falls

Injurious falls

58 (49.2)
30 (25.4)
30 (25.4)

78 (66.1)
31 (26.3)
9 (7.6)

Fig. 5.2. Progression of concern about falling before and after a fall. Distribution of FES-I scores per
month are displayed in dark grey relative to the months in between which the participant experienced
his or her first fall (area indicated in light gray) (-1 = last monthly questionnaire before the fall, +1 =
first monthly questionnaire after the fall). Diamonds and solid line represent the mean FES-I scores and
the progression of these mean FES-I scores, respectively. The dark grey areas represent the distribution
of FES-I scores per month. The upper figure displays FES-I progression before and after any type of fall.
The lower figure displays FES-I progression before and after an injurious fall. FES-I scores of people who
fell more than once are only included until the first monthly questionnaire after the first fall. Sample size
(N) is indicated for each month.
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5.3.2. Does a high concern about falling increase the odds of falling?
Concern about falling at baseline did not significantly increase or decrease the
odds of experiencing a fall during the year following the baseline measurement,
neither for any type of fall (Odds Ratio (OR) = 1.08, 95% CI [0.97, 1.22], p =
0.173), nor for an injurious fall (OR = 1.07, 95% CI [0.97, 1.20], p = 0.177).
Similarly, over a short-term, i.e. one month, follow-up interval, concern about
falling did not significantly increase or decrease the odds of falling in the next
month, neither for any type of fall (OR = 1.02, 95% CI [0.95, 1.09], p = 0.501)
nor for an injurious fall (OR = 1.07, 95% CI [0.96, 1.17], p = 0.171).
A summary of the results can be found in Table 5.2.
Table 5.2. Relation between falling and concern about falling over long-term and short-term intervals.
This table shows the regression coefficients (Beta, or change in FES-I score) or Odds Ratio (OR) of the
long term, determined with linear fixed effect regression models, and the short term, determined with
linear mixed models, effects of the main independent variables (before the arrows) on the dependent
variables (after the arrow). The table includes results from analyses with all falls and only Injurious falls.
* indicates statistical significance at alpha = 0.050; The effects are adjusted for age [1], gender [2] and
walking duration per day [3] as described in the methods section.

All falls
beta/OR
[95% CI]
Fall -> ΔFES-I (beta)
Long-term
(1 year)
Short-term
(1 month)
FES-I -> Fall (OR)
Long-term
(1 year)
Short-term
(1 month)

p-value Injurious falls p-value
beta/OR
[95% CI]

-0.01
0.974
[-0.88, 0.85]1,2,3
1.49
<0.001*
[0.74, 2.25]

-0.15
[-1.06, 0.76]1,3
2.60
[1.55, 3.64]

0.747

1.08
[0.97, 1.22]
1.02
[0.95, 1.09]

1.07
[0.97, 1.20]
1.07
[0.96, 1.17]1

0.177

0.173
0.501

<0.001*

0.171

5.4 Discussion
The aim of this study was to determine whether falling negatively affects
concern about falling and whether concern about falling is predictive of
experiencing a future fall in older adults without a recent history of falling.
77

Safely remaining active
We found that people were more concerned about falling after a fall, injurious
or not, but that this increase in concern was only observable over periods of
up to a month and not over periods of up to a year. We found no evidence that
concern about falling predicts falls, neither over a one-month interval nor
over a one-year interval.
Our findings on the relations between falls and concern about falling in both
directions appear to be in contrast with the studies by Delbaere and colleagues
(2010). They showed that concern about falling did not develop differently in
groups of people who had not fallen or had fallen (multiple times). Possibly,
the short-term effects of a fall on concern about falling that we observed in
one-month intervals was washed out within the three months intervals of
Delbaere and colleagues (2010). In the opposite direction of the relation, they
showed that concern about falling was predictive of future falls (2010) which
is in contrast to our findings. These discrepancies between our study and the
studies by Delbaere and colleagues (2010) may be explained by the fact that
we excluded people with a self-reported history of falling in the previous year,
which we deem a strength of our study and necessary to accurately assess the
relationship between falling and concern about falling.
First, the selection of participants without a recent history of falling is reflected
in our FES-I scores, which indicate that the participants of Delbaere and
colleagues, including people with a recent fall history, were more concerned
(mean FES-I 22.6 with SD 6.4 (2010)) than our participants (mean FES-I
19.2 with SD 3.7). Perhaps, a proportion of their participants was already
concerned about falling at baseline and did not become more concerned after
a subsequent fall. Likewise, our population may have been too unconcerned
about falling, and the range of FES-I scores too limited, for us to replicate their
results.
Second, our selected population consists mostly of participants with good
physiological capacity as indicated by the high percentages of participants
in the very low and low fall risk groups determined from the Quickscreen
fall risk assessment. As suggested by Delbaere and colleages (2010), the
relationship between falling and concern about falling may be dependent on
physiological fall risk, because concern about falling may increase the risk of
trips and thereby falls. Hence, people with good physiological capacity may
be better able to compensate for this increased risk than people with poor
physiological capacity. This may be a reason why we did not find that concern
about falling was predictive of falling in our population. We do believe that
our study population was a good representation of community dwelling older
adults without a recent history of falling as these people are unlikely to have
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high concern about falling.
The question remains whether concern about falling can be considered as a
primary cause for falls or whether it differs between people with or without a
recent history of falling. Therefore, we performed the same analyses described
in this manuscript on the participants with a recent history of falling (see
Table S5.2, for population descriptives) and found no significant associations
between falls and concern about falling, neither in either direction nor for the
type of falls, injurious or all falls (Table S5.3). Hence, participants without a
recent history of falling had increased concern about falling over one month
when they had fallen in between the start and end of that period (Table 5.2), but
people with a recent history of falling did not (Table S5.2). This may indicate
that concern in participants with a recent history of falling was already elevated
and was not further affected after a subsequent fall, conform the findings by
Delbaere and colleagues (2010). These comparisons further support our belief
that self-reported history of falling may either bias findings concerning the
relationship between falls and concern about falling, and that this relationship
is different for people with or without a recent history of falling.
Moreover, to evaluate the association between recent fall history and concern
about falling, we performed linear regression analyses similarly to the longterm, i.e., one-year, models described in the method section. In one model
recent fall history was associated with concern about falling at baseline and we
compared its results with a second model in which having fallen determined
from the one-year monthly follow-up predicted concern about falling at the
end of that follow-up (not adjusted for concern about falling at baseline). The
results and comparison of these results indicated that history of falling was
associated with high concern about falling at baseline (βfall= 1.79, 95% CI [0.64
, 2.93], points on the FES-I, p = 0.002), whereas having fallen during the oneyear follow-up was not associated with concern about falling one year after
baseline (βfall= 1.05, 95% CI [-0.28, 2.38], points on the FES-I, p = 0.123) and
(βinjuriousfall= 0.86, 95% CI [-0.53, 2.25], points on the FES-I, p = 0.225). Recall
bias may be an explanation for this finding, as recall bias is likely to be more
pronounced when the recall period is large, i.e., when asking about recent fall
history retrospectively instead of assessing falls prospectively using a monthly
follow-up. Concern about falling may possibly lead to recall bias, such that
people with high concern about falling recall more falls than people with
low concern about falling. This recall bias stresses the need for prospective
fall assessments using monthly telephone contact or fall diaries, such as we
employed in our study, to validly record falls in older adults in future studies.
Although Hadjistavropoulos and colleagues (2011) argue that fear of falling is
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different from falls related self-efficacy and concern about falling, measured
with the FES-I, these constructs are often used interchangeably in studies on
fall-related psychological concern. Therefore, it may be relevant to compare
our results to findings in literature that assessed fear of falling or confidence.
Friedman and colleagues (2002) performed a study in which they investigated
and compared both directions of the relationship between falls and fear of
falling over time. They found that people developed fear of falling after a fall,
while using a 20-months follow-up interval, and that fear of falling predicted
future falls. Their findings seem to be in contrast to our finding as we did
not observe an increase in concern about falling over a one-year period when
participants fell in between assessments, nor did we find that concern about
falling was predictive of future falls. However, in their study they recorded
falls by asking people whether they had fallen in the past 12 months at
20-month follow-up. This method of recording falls is more likely to be biased
by someone’s fear or concern of falling than when falls are monitored every
month, potentially resulting in differential misclassification.
In a longitudinal study in a population comparable to ours, with an exception
of fall history, Hajistavropoulos and colleagues (2007) found that confidence
to perform daily-life activities without falling, measured at baseline, predicted
falls in the following 6 months. On average their participants scored a nine out
of ten on the Falls Efficacy Scale (FES), indicating that they were very confident
in carrying out daily-life activities without falling (Tinetti, Richman, & Powell,
1990). Hence, they are comparable to our participants who scored on average a
19 on the FES-I scale from 16, not concerned, to 64, very concerned. The main
difference between our study and their study is that they used the FES, which
measures confidence, while we used the FES-I, which measures concern. As
mentioned earlier, Hadjistavropoulos and colleagues (2011) argue that the
concepts of concern and confidence are not the same. Perhaps the difference
between the concepts of concern and confidence is the reason why our results
do not support the findings of Hajistavropoulos and colleagues (2007).
Zijlstra and colleagues (2012) showed that an intervention that reduced
concern about falling also reduced fall prevalence in community dwelling
older adults. Their findings could be interpreted to suggest that concern
about falling is associated with future falls. However, their intervention also
intervened on other potential determinants of fall risk. This may explain the
apparent disparity with our findings.
Despite the strength of our study to exclude people with a recent history of
falling it is possible that a fall before the year prior to the baseline assessment
has had a lasting influence on concern about falling. Such an effect may have
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influenced our results as we did not assess fall history for more than one year
before baseline assessment. However, since we found no evidence of longlasting effects of falls on concern about falling, it is unlikely that fall history
from the period of earlier than one year before the start of our study has
influenced our findings substantially.
A limitation of our study is that we asked participants to fill out the FES-I
questionnaire each month, for a total of 13 questionnaires over 12 months,
to study changes in concern about falling shortly following a fall. A possible
disadvantage of this approach is that participants may have become bored with
filling out the questionnaires. This may have rendered the questionnaires less
sensitive to small changes, as people would simply fill out the questionnaire
similarly each month, unless something had happened that strongly affected
their level of concern about falling. Hence, a slow gradual change in concern
about falling, independent of falls, would not be detected. This could mask
the short-term effect of concern about falling on falls, as it relies on an
accurate assessment of concern about falling, which according to Delbaere
and colleagues increases gradually over time (Delbaere, Close, Mikolaizak,
et al., 2010). However, although we indeed did not observe any effect of the
level of concern about falling on the short-term odds of falling, we also did
not observe an effect of concern about falling on the long-term odds of falling.
Another limitation is that, in 25% of the questionnaires used in this study,
three items were accidentally missing and replaced by the mean of the
remaining items if no more than four items were missing in total. The missing
items were “Walking on an uneven surface”, “Walking up or down a slope” and
“Going out to a social event”. To investigate if these missing items influenced
the total score of the questionnaires, we compared complete questionnaires
and questionnaires with missing items. We did this only for participants
who did not experience any falls during the follow-up and who filled in both
questionnaires with and without the three missing items during the study
duration (N = 34). For each participant we determined the mean score of
questionnaires with and without the three missing items and we calculated the
difference between these mean values within all participants. A one-sample
t-test showed that the mean difference between the mean questionnaire
scores of questionnaires with and without missing items was not significantly
different from zero (0.20, 95% CI [-0.24, 0.64], p = 0.367). Although the
sample size for this additional analysis was relatively small, it’s results appear
to suggest that our method of replacing the missing items was valid. However,
it remains possible that in response to falls the three missing items are filled
out differently than the other FES-I items.
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Furthermore, in our population we mostly recorded minor injuries after a
fall (e.g. bruises and small cuts). This could be considered a limitation as falls
resulting in more severe injuries may have a larger impact on concern about
falling.
Finally, the lowest MMSE score of participants included in this study was
24 (N=3). An MMSE score between 19 and 24 is generally considered an
indication of “mild” cognitive impairment. It may be questioned whether these
participants were able to fill out questionnaires and recall falls adequately.
However, since there were only three participants with an MMSE score of 24
it is unlikely that this would have affected our conclusions.
Our findings imply that falls are not the primary cause of sustained concern
about falling in older adults without a recent history of falling. Although
concern about falling is increased up to one month after a fall, this effect
was not seen after a period of up to a year. Clinicians and other healthcare
professionals should be aware that there may be other factors besides recent
falls, even those that result in injuries, that may cause older adults to become
concerned about falling or that result in a sustained level of concern about
falling.
5.4.1. Conclusion
We observed only a small increase in concern about falling from the start to
the end of a one-month interval in people who experienced a fall during this
period and observed no increase from the baseline assessment to the end of
the study one year later in people who experienced a fall during this period.
From this, we conclude that older adults without a recent history of falling
are quite resilient against developing concern about falling after having fallen.
Furthermore, we found no evidence that high concern about falling increases
the odds of falling in the following month nor year. We cannot advise concern
about falling for use in fall prediction models, nor as a target in fall prevention
programs aimed at older adults with little concern about falling who have no
recent history of falling.
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Table S5.1. Relation between falling and concern about falling over long-term and short-term intervals.
This table shows the crude regression coefficients (Beta, or change in FES-I score) or Odds Ratio (OR)
of the long term, determined with regression models, and the short term, determined with linear mixed
models, effects of the main independent variables (before the arrows) on the dependent variables (after
the arrow). The table includes results both when all falls are analyzed (“All falls”) or when falls are only
considered if they resulted in any injury (“Injurious falls”). * indicates statistical significance at alpha =
0.050

All falls

p-value

beta/OR [95% CI]

Injurious falls

p-value

beta/OR [95% CI]

Fall -> FES-I (beta)
Long-term (1 year) 0.91 [-0.10, 1.92]

0.077

0.62 [-0.44, 1.67]

0.250

<0.001*

2.60 [1.57, 3.63]

<0.001*

Long-term (1 year) 1.09 [0.98, 1.23]

0.143

1.08 [0.97, 1.21]

0.154

Short-term (1 month) 1.03 [0.95, 1.10]

0.457

1.06 [0.96, 1.16]

0.181

Short-term (1 month) 1.49 [0.75, 2.24]
FES-I -> Fall (OR)

Table S5.2. Participant characteristics of both participants with and without a recent history of falling.
All values are means (standard deviation) assessed at baseline unless otherwise noted. IQR = Inter
quartile range. Changes in walking duration and FES-I scores from baseline assessment to one-year later
are presented, positive values represent increases, negative values represent decreases. 1 information
on six participants was missing. 2 information on two participants was missing. 3 information on one
participant was missing.

Without a recent history
of falling (N=118)

With a recent history of
falling (N=114)

Age, years

71.4 (5.3)

71.7 (5.8)

Female, n (%)

82 (69.5)

79 (69.3)

Body height, cm

169.0 (8.3)

169 (7.9)

Body weight, kg

73.8 (12.6)

73.1 (13.8)

Baseline Quickscreen, n (%)

1

2

7% fall risk

45 (38.1)

4 (3.5)

13% fall risk

60 (50.8)

75 (65.8)

27% fall risk

4 (3.4)

21 (18.4)

49% fall risk

3 (2.5)

12 (10.5)

Combined hand grip force, kg

60.4 (16.7)

57.1 (15.0)

Baseline walking duration,
min/day

84.6 (31.4)

82.0 (30.3)

One-year change in walking
duration, min/day

-0.2 (19.9)

1.86 (21.5)
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Without a recent history
of falling (N=118)

With a recent history of
falling (N=114)

3 (2.5)3

8 (7.0)

Higher education

96 (81.4)

94 (82.5)

Lower secondary education

19 (16.1)

16 (14.0)

Primary education

3 (2.5)

4 (3.5)

MMSE score, median [IQR]

28 [28, 29]

29 [28, 30]

Diabetes

5 (4.2)

10 (8.8)

High blood pressure

35 (29.7)

28 (24.6)3

Low blood pressure

6 (5.1)

6 (5.3)

Cerebral infarction

5 (4.2)

3 (2.6)

Myocardial infarction

9 (7.6)

1 (0.9)

Thyroid condition

6 (5.1)

7 (6.1)

Asthma or Chronic
Obstructive Pulmonary
Disease

9 (7.6)

7 (6.1)

Pain in joints

50 (42.4)

57 (50)

Osteoporosis

15 (12.7)

18 (15.8)3

Uses walking aid, n (%)
Highest achieved education,
n (%)

Self-reported comorbidities,
n (%)

3

Time between completion
30 [28, 35]
of monthly follow-up
questionnaires, median [IQR],
days

30 [28, 35]

Baseline FES-I score, median
[IQR]

18 [17, 21]

20 [18, 23]

One-year change in FES-I
score, median [IQR]

0 [-1, 1]

0 [-2, 1]

Number of falls experienced
during one-year follow-up, n
(%)

All falls

Injurious falls

All falls

Injurious
falls

None

58 (49.2)

78 (66.1)

47 (41.2)

73 (64.0)

One

30 (25.4)

31 (26.3)

34 (29.8)

21 (18.4)

Two or more

30 (25.4)

9 (7.6)

33 (28.9)

20 (17.5)
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Table S5.3. Relation between falling and concern about falling over long-term and short-term intervals
in participants with a recent history of falling. This table shows the regression coefficients (Beta, or
change in FES-I score) or Odds Ratio (OR) of the long term, determined with regression models, and
the short term, determined with linear mixed models, effects of the main independent variables (before
the arrows) on the dependent variables (after the arrow). The table includes results from analyses with
all falls and only Injurious falls. # 95% CI could not be determined as the model resulted in a singular
fit. * indicates statistical significance at alpha = 0.050; The effects are adjusted for age [1], gender [2] and
walking duration per day [3] as described in the methods section.

All falls

p-value

beta/OR [95% CI]

Injurious falls

p-value

beta/OR [95% CI]

Fall -> FES-I (beta)
Long-term (1 year) 0.15 [-1.00, 1.30]3

0.796

0.05 [-1.15, 1.26]1,3

Short-term (1 month) 0.54 [-0.43, 1.51]

0.276

0.05 [-1.47, 1.57]1,2,3 0.878

0.929

0.827

1.01 [0.93, 1.09]2

0.889

0.868

0.96 [--, --]

0.548

FES-I -> Fall (OR)
Long-term (1 year) 0.99 [0.91, 1.08]2,3
Short-term (1 month) 0.99 [0.92, 1.06]

2,3

#,1,2,3

Table S5.4. Relation between falling and concern about falling over long-term and short-term intervals
in participants with and without a recent history of falling. This table shows the regression coefficients
(Beta, or change in FES-I score) or Odds Ratio (OR) of the long term, determined with regression
models, and the short term, determined with linear mixed models, effects of the main independent
variables (before the arrows) on the dependent variables (after the arrow). The table includes results
from analyses with all falls and only Injurious falls. # 95% CI could not be determined as the model
resulted in a singular fit. * indicates statistical significance at alpha = 0.050; The effects are adjusted for
age [1], gender [2] and walking duration per day [3] as described in the methods section.

All falls

p-value

beta/OR [95% CI]

Injurious falls

p-value

beta/OR [95% CI]

Fall -> FES-I (beta)
Long-term (1 year) 0.40 [-0.34, 1.15]

0.291

0.22 [-0.56, 1.00]

0.581

< 0.001

1.59 [0.69, 2.50]

< 0.001

Long-term (1 year) 1.04 [0.98, 0.10]

0.827

1.03 [0.97, 1.10]2

0.289

Short-term (1 month) 1.01 [0.96, 1.06]

0.646

1.02 [--, --]

0.598

Short-term (1 month) 1.06 [0.45, 1.68]
FES-I -> Fall (OR)

#,1,2,3
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Chapter 6
The relation between falls, physical ability,
self-perceived physical ability and physical
activity in community dwelling older adults:
a structural equation modeling approach
Weijer, R. H. A., Hoozemans, M. J. M.,
Young, W., van Dieën, J. H. &
Pijnappels, M.

Safely remaining active
Abstract
Objective: Physical ability relates to the probability that a person will fall in
a given situation, while self-perceived physical ability and physical activity
may affect the probability of encountering balance threatening situations.
We aimed to determine whether self-perceived physical ability and physical
activity modulate the relationship between physical ability and falls in
community dwelling older adults.
Method: Twenty-three measures of physical ability, self-perceived physical
ability and physical activity were assessed in 255 older adults (65 to 94 years
old) using questionnaires, an extensive in-lab assessment and a tri-axial
accelerometer worn for seven days on the lower back. Falls were assessed
monthly during one-year follow up by telephone calls and a fall diary.
Exploratory factor analysis was used to determine factors underlying the
measures collected in the physical ability and self-perceived physical ability
domains. Structural equation modeling assessed the relation between resulting
physical ability factors and falling, and whether this relation was modulated
by self-perceived physical ability factors and physical activity.
Results: We derived three factors for physical ability and three factors for
self-perceived physical ability. Two of the actual physical ability factors were
related to future falls. None of the self-perceived physical ability factors
modulated the relation between any of the physical ability factors and falls,
nor did physical activity.
Discussion: Neither self-perceived physical ability nor physical activity
modulates the relation between physical ability and falls in community
dwelling older adults. Discrepancies between physical ability and selfperceived physical ability may be context specific.
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6.1 Introduction
About 30 to 60 percent of older adults fall at least once a year (Rubenstein,
2006). These falls have significant negative social and economic consequences
associated with physical and psychological traumas. Multiple assessment
methods have been developed to identify individuals at risk of falling which
is important to target people who may benefit from a falls-prevention
intervention (K. Berg, Wood-Dauphine, Williams, & Gayton, 1989; S. Lord
et al., 2003; Tiedemann et al., 2010; K. S. van Schooten et al., 2016). Several
falls-prevention interventions have been found to be effective in reducing the
risk of falling but the evidence that falls-prevention interventions prevent
falls related fractures is less strong (Lamb et al., 2020; Sherrington et al.,
2019). Many of the previously developed falls-prediction assessments and the
majority of fall prevention interventions are based on physical status and do
not consider important psychological factors and information about physical
activity.
In the current study we evaluate three factors implicated in contributing to
falls, and in doing so, we hope to contribute to our understanding of underlying
mechanisms that may, in turn, contribute to the development of more
targetted interventions: 1) physical ability, e.g. reflected in a person’s muscle
strength, walking speed or balance performance (Muir, Berg, Chesworth, &
Speechley, 2008; Tiedemann et al., 2010), 2) self-perceived physical ability, i.e.
a person´s believe in their own physical ability (Delbaere, Close, Brodaty, et
al., 2010; Lusardi et al., 2017), and 3) physical activity, i.e. how active a person
is in daily-life (Del Din et al., 2020). Physical ability relates to the probability
that a person will fall in a given situation, while self-perceived physical ability
and physical activity may affect the probability of encountering balance
threatening situations.
Physical ability is not always aligned with one’s self-perceived physical ability
(Butler et al., 2015; Delbaere, Close, Brodaty, et al., 2010; K. Hauer et al.,
2020). This misalignment has been suggested to increase risk of falling, as
self-perceived physical ability may affect the risks people expose themselves
to (Almeida et al., 2019; Butler et al., 2015; Fujimoto et al., 2015; R. Sakurai
et al., 2013; Weijer, Hoozemans, van Dieën, & Pijnappels, 2018). Besides
affecting exposure, low self-perceived physical ability is also associated
with changes in cognitive and motor performance (Hadjistavropoulos et
al., 2011; Ryota Sakurai et al., 2016). Moreover, concern about falling may
reduce both movement automaticity and attentional processing efficiency
(Young & Williams, 2015), and postural threats lead to the selection of more
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conservative movement strategies (Adkin & Carpenter, 2018; Nick Kluft et al.,
2020). These conservative strategies are likely to be beneficial during relatively
simple balance or gait tasks, but clearly jeopardize the ability to dynamically
plan and execute adaptive gait actions (Young & Williams, 2015), particularly
when multitasking (Toby J Ellmers et al., 2020; T. J. Ellmers & Young, 2018),
resulting in imprecise stepping actions and increased risk of tripping (Young
et al., 2012).
Physical activity may modulate the relation between physical ability and
falling by increasing the exposure to balance threatening situations (Bea et al.,
2017; Chan et al., 2006; Klenk et al., 2015; Wijlhuizen, Chorus, & HopmanRock, 2010). While acknowedging the likely benefits of physical activity,
people with poor physical ability who expose themselves to balance threats by
being physically active may be more prone to fall, whereas people with good
physical ability may successfully cope with balance threatening situations.
The modulating effect of either or both self-perceivedc physical ability or
physical activity remains undisclosed. This is partly due to the variety of
measures for each domain over studies, and physical ability and physical
activity variables being contaminated by a person’s self-perceived physical
ability, e.g. walking speed (Tersteeg, Marple-Horvat, & Loram, 2012). Insight
in the common variation over several measures of physical ability, selfperceived physical ability and physical activity may reveal the robustness of
the hypothesized modulations. Hence, the objective of the present study was
to investigate whether self-perceived physical ability and physical activity
modulate the relationship between physical ability and falls in community
dwelling older adults. We used exploratory factor analysis to determine the
number of factors based on different measures in each domain and structural
equation modelling to test the hypothesized modulation.
6.2 Methods:
6.2.1. Study population and procedure
We analysed data from 255 out of 287 participants from the “Veilig in
Beweging Blijven”, which translates to “Safely Remaining Active”, (VIBE)
cohort. Community dwelling older adults were recruited by flyers and
newsletter advertisements in the Netherlands in 2017. Inclusion criteria were
being 65 years or older, not having severe cognitive decline as indicated by
a Mini Mental State Examination (MMSE) (Folstein et al., 1975) score over
19 out of 30 points, and being able to walk at least 20 m (with walking aid if
90

Chapter 6
needed) without becoming short of breath or suffering chest pain. The ethical
committee of the Faculty of Behavioural and Movement Sciences of the Vrije
Universiteit Amsterdam approved the protocol (VCWE-2016-129) and all
participants provided written informed consent.
6.2.2. Procedure
Participants filled out a set of questionnaires at home in the week prior to
their visit to our lab. In our lab they followed an extensive assessment of
both physical ability and self-perceived physical ability. After this extensive
assessment, participants were provided with a tri-axial accelerometer to assess
their gait and physical activity for a continuous duration of seven days in
daily-life. Furthermore, after the extensive assessment, participants’ falls were
monitored for one year.
6.2.3. Falls
Falls were defined as an unintentional change in position resulting in coming
to rest at a lower level or on the ground (Gibson, 1987). Participants were
instructed to record any fall in a diary and, additionally, monthly telephone
calls were done to ask if they had fallen. We classified fallers as having
experienced at least two falls or at least one injurious fall, during the one-year
follow-up.
6.2.3. Accelerometer assessment in daily-life environment
Participants were asked to wear a tri-axial accelerometer (DynaPort
MoveMonitorPlus, McRoberts, The Hague, The Netherlands; with a sample
rate of 100 Hz and a range of -8g to +8g) for a continuous duration of
seven days. They were instructed to wear the accelerometer at all times,
except during aquatic activities (e.g., taking a shower). The accelerometer
was placed dorsally at the level of L5/S1, using an elastic strap around the
waist. Locomotion episodes were detected using the manufacturer’s activity
classification algorithms (Dijkstra et al., 2010).
6.2.4. Physical ability, self-perceived physical ability and physical activity
Variables of the domains physical ability, self-perceived physical ability, and
physical activity were derived from the questionnaires, the in-lab assessment
and the daily-life accelerometer assessment. Names and assessment methods
of these variables are summarized in Table 6.1 and are described in more detail
in supplementary material 6.1.
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Table 6.1. Variables used in the exploratory factor analyses and structural equation models. Abreviations are
only used in Fig. 6.2. Detailed descriptions can be found in Supplementary material 6.1.

Abreviation

Full name

Short description

Unit

References

HGF Hand Grip
Force

Assessed left and right
with a hand-held
dynamometer, max of
two attempts each side
summed and normalized
to total body mass.

a.u.

(Reijnierse et
al., 2017)

KEM Knee
Extension
Moment

Assessed left and right
a.u.
while sitting on a chair by
pulling a band strapped
around the ankle with load
cell, max of three attempts
both sides summed and
normalized to total body
mass.

MSH Maximum
Step Height

Assessed by stepping over a.u.
a bar placed at increasingly
higher heights, normalized
to leg length.

(N. Kluft,
Bruijn, et
al., 2017; R.
Sakurai et al.,
2013; Weijer,
Hoozemans,
van Dieën, &
Pijnappels,
2019)

MSL Maximum
Step Length

Assessed by taking
a.u.
increasingly further steps
from standstill, normalized
to leg length.

(N. Kluft,
Bruijn, et al.,
2017; Weijer et
al., 2019)

Physical
ability
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Abreviation

Full name

DGQ Daily-life
Gait Quality

VA Visual Acuity

Short description

Unit

References

A composite score of
four gait characteristics
obtained from gait
episode as determined
from one week dailylife trunk accelerometry
data: auto-correlation at
the dominant period in
vertical direction (ACvt),
the root mean square in
the mediolateral direction
(RMSml), the index
of harmonicity in the
mediolateral direction
(IHml) and the magnitude
at dominant period in
the frequency domain in
anteroposterior direction
(MFap).

-

(Kimberley S.
van Schooten,
Pijnappels,
Lord, & van
Dieën, 2019;
K. S. van
Schooten et al.,
2016)

Visual Acuity assessed
using a letter board with
low contrast letters.

cm

(Tiedemann et
al., 2010)

NTS Near Tandem Duration before at least
Stance
one foot was shifted in
response to balance loss,
up to 10 seconds.
TS Tactile
Sensitivity

Tactile sensitivity assessed
at the right foot’s lateral
malleolus by applying
three touches with a
single monofilament.
Participants indicated
when they felt the touches
with their eyes closed.

Seconds
(Tiedemann et
(up to a
al., 2010)
maximum of
10 seconds)
“Impaired”
(>=2 fail)
or “Not
impaired”
(<=1 fail)

(Tiedemann et
al., 2010)

ATS Alternate
Step test

Duration of completing
Seconds
tapping the topside of a
box eight times with the
feet while alternating
between right and left foot.

(Tiedemann et
al., 2010)

FS2S Five times Sit
to Stand

Duration of quickly
getting up from a chair for
five times until full stand.

(Tiedemann et
al., 2010)

Seconds
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Abreviation

Full name

Short description

Unit

References

Self-perceived
physical
ability
FES-I Falls Efficacy
Scale
International

A self-report questionnaire Sum score of (Kempen et al.,
on concern for falling
16 items that 2007; Yardley
during everyday activities. are scored
et al., 2005)
1 (not
concerned)
to 4 (very
concerned).

mGES modified Gait A self-report questionnaire
Efficacy Scale on confidence to safely
perform walking related
tasks.

(Newell et al.,
2012; Weijer,
Hoozemans,
van Dieën, &
Pijnappels,
2020)

SFpf Short Form
(36) health
survey:
physical
functioning

A self-report questionnaire
on mobility health status
containing items about
activity limitations due to
health issues.

Sum score of
10 items that
are scored 1
(not limited
at all) to 3
(limited a
lot).

(Aaronson
et al., 1998;
Brazier et al.,
1992)

SFrp Short Form
(36) health
survey: role
limitations,
physical
problems

A self-report questionnaire
on mobility health status
containing items about
how often health issues are
limiting in daily-life.

Sum score of
10 items that
are scored 1
(never) to 5
(always).

(Aaronson
et al., 1998;
Brazier et al.,
1992)

A single question: “Did
you have trouble walking
in the past three months?”

“Yes” or
“No”

PB Perceived
Balance

A single question: “Did
you have good balance in
the past three months?”

“Yes” or
“No”

pMSL perceived
Maximum
Step Length

Participant’s subjective
indication of the length of
the maximum step they
believe they can take from
standstill, normalized by
leg length.

a.u.

PWD Perceived
Walking
Difficulty
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Sum score
of 10 items
that are
scored 1 (no
confidence)
to 10
(complete
confidence).

(Weijer et al.,
2019)
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Abreviation

Full name

pMSH perceived
Maximum
Step Height

pMRW perceived
Maximum
River Width

Short description

Unit

References

Participant’s subjective
a.u.
indication of the distance
of the maximum height of
a step they believe they can
make to step over a bar,
normalized by leg length.

(N. Kluft,
Bruijn, et
al., 2017; R.
Sakurai et al.,
2013; Weijer et
al., 2019)

Participants were
instructed to cross a
virtual (paper) river as
quickly as possible. The
virtual river was made of
a 12 meter long tapered
paper. Participants started
walking down the river at
the widest side (1.84 m),
walking along it towards
the least wide side (0.31
m), and had to cross the
river at a point where they
believed they could do
so without stepping on
the paper. The width of
the river at the location
they crossed the river was
recorded and normalized
by leg length.

a.u.

(N. Kluft,
Bruijn, et al.,
2017; Weijer et
al., 2019)

Total duration of
locomotive activities per
day, averaged over 7 days
of trunk accelerometry
data.

Minutes/day (Matthews et
al., 2002; K. S.
van Schooten,
Rispens, et al.,
2015)

Physical
activity
Physical Physical
activity activity
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6.2.5. Statistical analyses
All analyses were performed in R (R Core Team, Vienna, Austria). Missing
data were replaced with the group level mean (details in Results section).
All continuous data were mean centered. Data were linearly transformed by
multiplication with a fixed value such that the variance of the variable with
the largest variance was, at most, a factor of 10 larger than the variance of
the variable with the smallest variance (Kline, 2011). Descriptive statistics
were used to describe the untransformed, non-normalized data of the study
population.
6.2.5.1 Exploratory factor analysis
To reduce the complexity of the structural equation models described in
the next paragraph, we performed an exploratory factor analysis, in which
we determined the number of factors underlying the physical ability and
self-perceived physical ability domains. The exploratory factor analysis was
performed with a number of factors equal to the total number of variables,
varimax rotation and maximum likelihood estimation. Variables were
excluded from the analysis if their uniqueness was equal to or higher than
0.85. Factors were considered for further analysis when their sum of squares
was higher than one and when parallel analysis showed that their eigenvalue
was higher than the eigenvalues of the 95th percentile of eigenvalues of factors
determined from 50 randomly generated datasets of equal size as our dataset.
Variables that loaded 0.4 or higher onto the factor were considered part of the
factor in further analysis.
6.2.5.2. Structural equation modelling
Next, we used structural equation modelling using the Lavaan package (Rosseel,
2012), with a weighted least square mean and variance adjusted (WLSMV)
estimator to assess the modulating effect of self-perceived physical ability or
physical activity on the relationship between physical ability and falls. Separate
models were fitted for each combination of physical ability factors and selfperceived physical ability factors revealed by the exploratory factor analysis
and for each combination of physical ability factors and physical activity, such
that each model contained only one factor for physical ability and either one
factor for self-perceived physical ability or physical activity. The interaction
factor was indicated by the residual centered matched cross-products of the
indicators of the physical ability and self-perceived physical ability factors or,
in the case of physical activity, the residual centered cross product of all the
indicators of the physical ability factor and physical activity (Little, Bovaird, &
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Widaman, 2006; Marsh, Wen, & Hau, 2004). When the number of indicators
between the factors in one model was unequal, it was not possible to fully
match all indicators. Therefore, in these cases, we excluded the indicator(s)
with the smallest loading on the (physical ability or self-perceived physical
ability) factor with the largest number of indicators from the interaction
factor. For each model, the fit was quantified using robust chi-square and
compared to the fit of a null model with no constrains. If the overall model
fit was acceptable (p > 0.05), we assessed the pathway between the interaction
factor and falls in each model. If the model fit was not acceptable, or if the
pathway was not significant, the model was considered to not support the
accompanying hypothesis.
When our models would not confirm the hypothesized modulation of the
association between physical ability and falling our results would not be
conclusive. This is because, in that case, it would remain unclear whether the
modulation was not found either: i) because self-perceived physical ability or
physical activity did not modulate the relation between physical ability and
falling or, ii) because our factors for physical ability were not related to future
falls and therefore there was no relation that could be modulated. Therefore,
we carried out post hoc analyses to investigate if the relation between physical
ability factors and falls was preserved: i) without any additional interaction
effect, and ii) when not controlled for self-perceived physical ability. The
posthoc analyses were performed with the same methods as the SEM models
described above, except that only a measure of physical ability was included
and, hence, no modulation was modeled.
6.3 Results
Out of the 287 participants, 31 participants did not have a complete falls
follow-up, 2 participants had missing Tactile Sensitivity data, 4 participants
had missing Perceived Walking Difficulty data, and 3 participants had missing
Perceived Balance data. Thirty-two participants were excluded due to these
missing data, leaving data from 255 participants available for analysis. The
following variables contained missing data for the following number of
participants, and were replaced with the group level mean: Knee Extension
Moment = 5, Daily-life Gait Quality (Autocorrelation in vertical direction,
Root Mean Square in mediolateral direction, index of harmonicity in the
mediolateral direction and the magnitude at dominant period in the frequency
domain in anteroposterior direction) = 6, Visual Acquity = 1, Near Tandem
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Stand = 1, Alternating Step Test = 1, Five Times Sit To Stand = 1, SF-36
Physical Functioning = 5, SF-36 Role Limitations, Physical Problems = 1 and
Physical Activity = 5. Table 6.1 shows the characteristics, untransformed and
non-normalized, of all participants and stratified for participants classified as
prospective fallers and non-fallers.
Table 6.1. Participant characteristics (untransformed and non-normalized) stratified for people
classified as fallers and non-faller and un-stratified (“Total”). All values are mean (standard deviation
(sd)) unless otherwise noted. The column “Missing data” indicates the number of participants with
missing data on a given variable. * indicates a statistically significant difference (p < 0.05) between the
non-fallers and fallers group, tested with a t-test when means and sds are presented, tested with a MannWhitney U test when median values and Inter Quartile Ranges (IQR) are presented and with a Chisquare test when n and percentages are presented. 1 This number represents only injurious falls.

Non-fallers
(N = 146)

Fallers
(N = 109)

Total
(N = 255)

Age, yrs 71.8 (5.9)

71.1 (4.9)

71.5 (5.5)

Female, n (%) 97 (66.4)

79 (72.5)

176 (69.0)

Body mass, kg 75.1 (13.7)*

71.6 (12.6)*

73.6 (13.3)

Body height, cm 169.7 (8.1)

168.1 (9.0)

169.0 (8.5)

Leg length, cm 93.0 (6.1)

92.3 (6.4)

92.7 (6.2)

-

110 (43.1)

32 (29.4)1

68 (26.7)

General characteristics

Falls, n (%)
Zero falls 110 (75.3)
One fall 36 (24.7)
Two falls -

43 (39.4)

43 (16.9)

Three falls -

14 (12.8)

14 (5.5)

Four or more falls -

20 (18.3)

20 (7.8)

29.3 (9.0)

29.6 (8.3)

Knee Extension Moment, 167.0 (54.4)
Nm

171.7 (61.4)

169.0 (57.4)

Maximum Step Height, 61.9 (10.0)
cm

60.3 (11.0)

61.2 (10.5)

Maximum Step Length, 102.8 (18.7)
cm

105.4 (19.3)

103.9 (19.0)

Autocorrelation in vertical 0.598 (0.142)
direction, a.u.

0.562 (0.148)

0.583 (0.145)

Root Mean Square in 1.315 (0.257)
mediolateral direction,
a.u.

1.311 (0.261)

1.313 (0.258)

Physical ability
Hand Grip Force, kg 29.9 (7.7)
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Non-fallers
(N = 146)

Fallers
(N = 109)

Total
(N = 255)

Index of harmonicity in 0.296 (0.204)*
the mediolateral direction,
a.u.

0.358 (0.226)*

0.323 (0.215)

Magnitude at dominant 0.530 (0.095)
period in the frequency
domain in anteroposterior
direction, a.u.

0.515 (0.111)

0.523 (0.102)

Visual Acquity, cm [Med, 0.8 [1.3 – 0.6]
IQR]

0.8 [1.0 – 0.6]

0.8 [1.3 – 0.6]

86 (78.9)

199 (78.0)

Near Tandem Stand, 10 [8.2 – 10.0]
seconds [Med, IQR]

10 [8.3 – 10.0]

10 [8.2 – 10.0]

Alternating Step Test, 6.3 [5.4 – 7.8]
seconds [Med, IQR]

6.1 [5.4 – 6.8]

6.1 [5.4 – 7.4]

9.1 [7.7 – 10.5]*

9.6 [8.3 – 11.2]

FESI, [16 – 64] 19 [17 – 22]
[Med, IQR]

19 [17 – 22]

19 [17 – 22]

mGES, [10 – 100] [Med, 94 [82 – 98]
IQR]

92 [84 – 98]

93 [83 – 98]

SF-36 physical 12 [11 – 14]
functioning, [10-30]
[Med, IQR]

12 [11 – 13]

12 [11 – 13]

6 [4 – 9]

6 [4 – 9]

Perceived Maximum Step 54.9 (12.7)
Height, cm

55.1 (13.2)

55.0 (12.9)

Perceived Maximum Step 78.3 (21.0)
Length, cm

79.2 (19.0)

78.7 (20.2)

Perceived Maximum River 91.1 (18.0)
Width, cm

91.2 (17.3)

91.2 (17.6)

Perceived Walking 34 (23.3)
Difficulty, yes, n (%)

28 (25.7)

62 (24.3)

Perceived Balacence, poor 31 (21.2)
balance, n (%)

30 (27.5)

61 (23.9)

Tactile Sensitivity, 113 (77.4)
sufficient, n (%)

Five Times Sit To Stand, 9.9 [8.6 – 11.9]*
seconds [Med, IQR]
Perceived physical ability

SF role limitations 6 [4 – 9]
physical problems,
[4-20] [Med, IQR]
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Non-fallers
(N = 146)

Fallers
(N = 109)

Total
(N = 255)

88.8 (35.4)*

84.1 (30.9)

Physical Activity
Physical Activity, min per 80.6 (26.5)*
day

6.3.1. Exploratory factor analysis
We first performed an exploratory factor analysis to estimate the number of
factors that may explain the variables in the physical ability and perceived
physical ability domains. Three variables had uniqueness higher than or
equal to 0.85 and were excluded; Visual Acquity, Tactile Sensitivity and Near
Tandem Stand. Fig. 6.1 shows the eigenvalue and the sum of squares of all
factors for physical ability (A) and self-perceived physical ability (B) and
the eigenvalues of the factors for the simulated data of the parallel analysis.
Both for physical ability and for self-perceived physical ability, three factors
were revealed. Table 6.2 shows the loadings and the percentage of explained
variance of the retained factors. We coined the resulting three physical ability
factors: Maximum Ability, Gait, and Dynamic Ability, and the resulting
three perceived physical ability factors: Functional Limitations, Fall-Related
Psychological Concern (FRPC), and perceived Maximum Ability.
6.3.2. Structural equation modelling
To assess the interaction between the three physical ability and three selfperceived physical ability factors as well as the interaction between the physical
ability factors and physical activity in relation to falls, we performed structural
equation modelling for the 12 combinations. Fig. 6.2 shows the results of
these 12 models. Two models did not converge and remained inconclusive.
One model, in which the interaction effect of FRPC on the relation between
Dynamic Ability and falls was modeled, had poor model fit, indicating that
our data did not support this model. All other converged models had adequate
model fit, as indicated by the non-significant chi-square tests results, but the
interaction term was not statistically significant in any of the models.
Finally, the post hoc models without interaction terms or controlling for selfperceived physical ability or physical activity showed that the model with
Maximum Ability had adequate model fit (X2(4)= 8.999, p = 0.061), but that
the Maximum Ability factor was not predictive of falls (standardized path
coefficient: 0.08, p = 0.328). The model with Gait had adequate model fit
(X2(2)= 2.240, p = 0.326) and showed that the Gait factor was predictive of
falls (standardized path coefficient: -0.162, p = 0.040). The model including
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Table 6.2. Loadings and explained variance of the factors. Loadings for each variable on to the factor
are displayed together with the percentage of explained variance for each factor. The top half of the
table relates to physical ability factors, the lower half relates to self-perceived physical ability factors.
Bold numbers indicate that the variable is used as an indicator of the factor in further analysis. Absolute
loadings below 0.1 are not presented. 1 FES-I loaded more than 0.4 onto the Functional Limitations
factor but was not included as an indicator of that factor in further analysis because, in follow-up
models, it no longer loaded well onto the factor.

Physical ability

Maximum
Ability

Gait

Dynamic
Ability

Hand Grip Force

0.64

Knee Extension Moment

0.48

-0.10

-0.36

Maximum Step Height

0.67

0.22

-0.20

Maximum Step Length

0.76

-0.21

-0.29

Autocorrelation in vertical direction

0.56

Root Mean Square in mediolateral direction

0.63

Index of harmonicity in the mediolateral
direction

-0.75

Magnitude at dominant period in the -0.14
frequency domain in anteroposterior direction
Alternating Step Test

-0.35

0.59

Five Times Sit To Stand

-0.36

0.62

Explained Variance

19.4%

13.5%

10.2%

Self-perceived physical ability

Functional
Limitations

FRPC

Perceived
Maximum
Ability

FESI

0.411

0.70

-0.38

-0.40

-0.69

0.37

SFpf

0.71

0.45

-0.28

SFpp

0.70

0.29

-0.16

perceived Maximum Step Height

-0.23

-0.17

0.52

perceived Maximum Step Length

-0.14

-0.21

0.62

-0.13

0.55

mGES

perceived Maximum River Width
Perceived Walking Dificulty

0.57

0.21

-0.16

Perceived Balance

-0.25

-0.43

0.14

Explained Variance

17.9%

15.6%

13.8%

Dynamic Ability was not tested for model fit as it was “just-identified” but
showed that the Dynamic Ability factor was predictive of falls (standardized
path coefficient: -0.26, p = 0.001).
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Fig. 6.1. Eigenvalues and sum of squares of loadings of all factors. The filled dots represent the eigenvalues
of each factor in the exploratory factor analysis, ordered according to magnitude. The numbers in the
figure represent the sum of squares of the factors and are only displayed for the observed data (black).
Simulated data (white) were created as part of the parallel analysis.

102

Chapter 6

Fig. 6.2. Structural equation models combining three physical ability factors with three self-perceived
physical ablity factors and physical activity, with interaction terms. Observed variables are represented
by rectangles, latent variables are represented by circles, one-headed arrows represent paths with
the standardized path coefficient, double-headed arrows represent correlations with the correlation
coefficient. Robust chi-square goodness of fit test results are displayed for each model. Two models did
not converge and are not presented. Columns contain models with the same physical ability indicators.
Rows contain models with the same self-perceived physical ability indicators or with physical activity. *
indicates a coefficient being statistically different from 0 at alpha = 0.05.
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6.4 Discussion
We aimed to determine if self-perceived physical ability and physical activity
modulates the relationship between physical ability and falls in community
dwelling older adults. To this end, we investigate the covariance between
measures of actual and self-perceived physical ability with exploratory factor
analysis and derived three factors for physical ability and three factors for
self-perceived physical ability. Using structural equation modelling, we found
that none of the self-perceived physical ability factors modulated the relation
between the physical ability factors and falls, nor did physical activity. From
a post-hoc analysis we learned that, whereas the Maximum Ability factor was
not predictive of falls, both the Gait and the Dynamic Ability factors were.
Hence, two of the actual physical ability factors were related to future falls but
their relation was not modulated by the perceived physical ability factors, nor
by physical activity.
6.4.1. Assessment of Falls
In the current study, we assessed falls prospectively. One-hundred and forty
(55%) out of 255 participants reported to have experienced at least one fall
during the one-year follow-up period. Compared to other studies, this number
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is relatively high but within the range of 30% to 60% reported by Rubenstein
and colleagues (2006). Since we had an extensive follow-up during which
participants were contacted by telephone each month, we recorded many
minor falls, in addition to more severe falls, that may not have been recorded
with a less thorough method. We opted for a classification method that reduced
the influence of these minor falls on the outcome measure by only classifying
people as fallers if they had experienced at least two falls or an injurious fall.
This method should have created a cleaner distinction between people who
fell and are likely to fall more often in the future and people who either did not
fall or experienced a fall that was unrelated to their physical and self-perceived
physical ability. However, our extensive follow-up and the many people with
at least one fall also made us aware of the perils of diligently recording falls
events. The added detail, i.e., the minor falls, may blur the distinction between
fallers and non-fallers and categorization of fallers and non-fallers may be
driven by psychosocial biases that influence a given individuals recollection
and interpretation of fall-events.
6.4.2. Discrepancies between self-perceived physical ability and physical ability
Whereas others found self-perceived physical ability not to be aligned with
physical ability in a substantial portion of older adults (Butler et al., 2015;
Delbaere, Close, Brodaty, et al., 2010), we found very strong correlations
between the Maximum Ability factor and the perceived Maximum Ability
factor (r = 0.97). The high correlation suggests that, in our cohort, people were
either near-perfectly able to estimate their maximum (stepping) ability and
did not over- or underestimate their own (maximum) ability or that people
in our cohort were all over- or underestimating their own (maximum) ability
to nearly the exact same amount. For other combinations of physical ability
and perceived physical ability factors, we found much lower correlations.
However, similarly to the study by Delbaere and colleagues (2010) none of the
other self-perceived physical ability factors were directly complementary to
the physical ability factors and as such a similarly high correlation is unlikely.
Hence, it is unclear if the strong association between self-perceived physical
ability and physical ability extends beyond maximum (stepping) abilities.
In a previous study, using data from the same cohort, we quantified
misjudgment as the absolute difference between measures of one’s perceived
and actual ability, and showed that it was inconsistent between the three test
that quantified misjudgment of step height and step length (Weijer et al.,
2019). We suggested that this inconsistency may be partially explained by
additive (random) measurement error introduced by the separate assessments
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of physical ability and self-perceived physical ability, and hence (random)
measurement error was essentially doubled in the measure of misjudgment.
The use of latent factors, such as in the current study, decreases the random
error that is inherent in every individual outcome measure (Kline, 2011).
However, despite our efforts to reduce the random error in the current study we
found no significant modulation of self-perceived physical ability or physical
activity on the relation between physical ability and falls. This negative finding
and the fact that others found discrepancies to be predictive of falls (Butler et
al., 2015) suggests that besides the reduction of (random) measurement error
other task specific element were also reduced. These task specific elements
may be indicative of the context or situations in which people are likely to
adopt (overly) conservative or risky behavior.
6.4.3. Comparison with literature
The relation between physical ability and falling and its dependency on the
level of self-perceived physical ability has been studied before with multiple
approaches. One approach is using an interaction term in a logistic regression
model similar to what is reported here and previously by our group (N. Kluft,
Bruijn, Weijer, van Dieën, & Pijnappels, 2019; Weijer et al., 2018). Kluft and
colleagues (2019) observed people’s stepping down behavior in a sub-sample
of the currently used VIBE cohort. They reported a small but irrelevant added
value of including a misjudgment term in fall prediction models, which seems
to agree with our findings. Weijer and colleagues (Weijer et al., 2018) reported
that the relation between daily-life gait quality and falling was dependent on
FES-I score, however, upon later reanalysis on data of the VIBE cohort we
could not replicate these results.
An alternative approach is to directly quantify the degree of misjudgment
(Almeida et al., 2019; Fujimoto et al., 2015; R. Sakurai et al., 2013). Sakurai
and colleagues (2013), reported that overestimation of maximum stepping
height occurred more often in people who reported to have fallen during
the year prior to assessment. Their population sample was similar to ours,
except that they reported that only 14.6% of their participants had fallen,
whereas we classified 42.7% of our participants as ‘fallers’. They acknowledged
that their retrospective falls assessment is more biased than a prospective
assessment. Similarly, Almeida and colleagues (2019) reported that fallers and
recurrent fallers, assessed retrospectively, underestimated their step length
less frequently. Other studies, that assessed falls prospectively, reported that
fall incidence was higher in older adults who took higher behavioral risks,
potentially due to an overestimation of their physical ability, in comparison to
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older adults who selected behavior that was in accordance with their physical
ability (Butler et al., 2015; Fujimoto et al., 2015). These studies only included
participants without a history of falling (Fujimoto et al., 2015) or included
participants who were overall older than our participants (Butler et al., 2015),
which limits comparisons between studies.
6.4.4. Self-perceived physical ability and physical activity
People with low self-perceived physical ability tend to be less physically active
than people with high self-perceived physical ability (Hornyak et al., 2013). This
leads to a further hypothesis; that physical activity may have been a mediator
through which self-perceived physical ability modulates the relation between
physical ability and falling. However, as we did not find that physical activity
or self-perceived physical ability modulated the relation between physical
ability and falls, we did not pursue further attempts to test this hypothesis.
6.4.5. Limitations
Although we consider the use of factors and structural equation modeling
as strengths of the current study, latent factors have the limitation that their
representation can never be truly known. Therefore, the factor names should
be used only in the context of their indicators.
Methodologically, we ran into two issues with the structural equation models
both of which are acknowledged in literature (Savalei & Kolenikov, 2008).
First, two of the twelve structural equation models did not converge and hence
no standard errors of the path coefficients could be computed. Therefore, we
did not present these models. However, given that the interaction term was
not significant in any of the other models, we do not expect that these nonconverged models would have given a different result. Second, several models
contained negative variances of the error of the indicators. This error is the
estimated remaining variance that is not shared with the other indicators
of the same factor(s). Negative error variance in this case could imply that
the indicator for which negative error variance was found was a near-perfect
indicator of the factor and that we did not have sufficient power to accurately
estimate these error variances that were, therefore, near zero. Although it is
hard to interpret models with negative error variance, due to error propagation,
it is unlikely that this influences our final conclusion.
It has been suggested that discrepancies may arise when physical ability
declines with age and self-perceived physical ability is not adequately adjusted,
possibly due to avoiding more challenging daily-life activities (Fujimoto et
al., 2015). Our population consisted of relatively young older adults. The
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age distribution was severely skewed towards 65 years of age with a median
age of 71.5 years. Therefore, physical decline may not have started yet and
discrepancies in our populations may have been too small, or may have
occurred in too few participants, to improve fall prediction.
6.4.6. Future directions
Future studies should focus on determining causes of discrepancies between
physical ability and self-perceived physical ability or physical activity. Key
points should be to investigate whether discrepancies are related to decline in
physical ability, calling for longitudinal designs with frequent follow-up (Ryota
Sakurai et al., 2020), but also to investigate what psychological factors make
people more prone to discrepancies. The combination of these key points may
help to identify people for whom discrepancies between physical ability and
perceived physical ability or physical activity could increase the risk of falling.
Besides older adults, rehabilitation patients, who have had a sudden decline in
physical ability due to trauma or illness, may be an interesting target group to
investigate the role of these discrepancies in relation to fall risk.
6.4.7. Conclusion
We conclude that neither self-perceived physical ability nor physical activity
modulates the relation between physical ability and falls in community dwelling
older adults. It is unlikely that in our population of community dwelling older
adults, discrepancies between physical ability and self-perceived physical
ability or the amount of physical activity were large enough to increase the risk
of falling. It remains unclear if older more frail populations, with potentially
unnoticed age-related deficits, are affected by misjudgment.
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Supplementary material chapter 6
S6.1. Measures of physical ability
S6.1.1 Hand grip force (HGF)
Participants’ Hand Grip Force was assessed with a dynamometer (Reijnierse et al., 2017). They
were instructed to squeeze the dynamometer as forceful as possible, twice with each hand,
while standing and holding their arms stretched downwards by their side without touching
their body. We calculated the mean peak force (in kilograms) from the hands and normalized
this value to total body weight.
S6.1.2 Knee extension moment (KEM)
To assess the Knee Extension Moment we asked participants to sit on a chair and extend their
leg with as much force as possible. This was repeated three times for each leg. Peak force was
measured using a transducer attached between a tightly stretched band fixed to the hind legs
of the chair and the participant’s ankle. The moment around the knee joint was determined
from the force measured (kilograms) and the distance between the knee joint and the band
placed around the lower leg (m).
S6.1.3 Maximum step height (MSH)
The Maximum Step Height was assessed according to the methods explained in Sakurai
and colleagues (2013). Participants were instructed to step over a bar at increasing heights,
without rotating their stance leg around the vertical axis (i.e., stepping over the bar in a
forward instead of sideways manner). The bar height increased with steps of 2.5 cm until the
participant failed to succeed (see Weijer and colleagues (2019) for further details). Maximum
Step Height was shown to have strong test-retest reliability (ICC(2,1) = 0.68, SEM = 5.25 cm)
(Weijer et al., 2019). Maximum Step Height was normalized to leg length.
S6.1.4 Maximum step length (MSL)
The Maximum Step Length was assessed according to the methods explained in Kluft and
colleagues (2017). From a stationary position, participants were instructed to make a single
step on to a non-slip mat that, upon successful completion of the task, was progressively
moved further away from the participant (at 2.5 cm increments) until they failed to achieve
the required step length. (see Weijer and colleagues (2019)). The Maximum Step Length was
shown to have excellent test-retest reliability (ICC(2,1) = 0.93, SEM = 4.03 cm). Maximum
Step Length was normalized to leg length.
S6.1.5 Daily-life Gait Quality (DGQ)
From the acceleration signals, we calculated the auto-correlation at the dominant period in
vertical direction (ACvt), the root mean square in the mediolateral direction (RMSml), the
index of harmonicity in the mediolateral direction (IHml) and the magnitude at dominant
period in the frequency domain in anteroposterior direction (MFap). These parameters were
calculated for all 10 second epochs within the locomotion episodes, as these characteristics
were shown to have shared variance and to be relevant predictors of falls (K. S. van Schooten
et al., 2016). Our method of deriving these characteristics is similar to those described in van
Schooten and colleagues (2016) with the exception that we determined the median value of
each characteristic over each 10 second epoch of each episode, instead of over each episode,
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such that all 10 second epochs would be weighted equally. The Daily-life Gait Quality was
determined from the four daily-life gait characteristics as described above, combined in a
principal component score, which has been shown to be negatively associated with fall risk
(K. S. van Schooten et al., 2016).
S6.1.6 Visual acuity (VA)
Participants were instructed to sit on a chair placed at three meters from a letter board with
low contrast letters (10 %). They were instructed to read each line of letters, which decreased
in size with each line (Tiedemann et al., 2010). We recorded the height (cm) of the letters on
the last line they could read without making any mistakes.
S6.1.7 Tactile sensitivity (TS)
Tactile Sensitivity at the ankle was assessed by a single Semmes-Weinstein-type of
monofilament. The monofilament was applied three times to the lateral malleolus on the right
leg while participants had their eyes closed and were asked to indicate when they felt the
monofilament. Tactile Sensitivity was scored “impaired” when participants were unable to
perceive two out of the three touches, otherwise it was scored “not impaired” (Tiedemann et
al., 2010).
S6.1.8 Near tandem stance (NTS)
Participants were instructed to stand with their eyes closed and their arms crossed in front of
their chest on bare feet placed parallel and laterally separated by 2.5 cm, while the heel of the
front foot was placed 2.5 cm anterior to the great toe of the contralateral foot (Tiedemann et
al., 2010). We recorded the time they remained standing without shifting their feet for up to
10 seconds.
S6.1.9 Alternate step test (ATS)
Participants stood in front of an 18 cm high block and were instructed to tap the top-side of
the block alternating their right and left foot. They were instructed to tap a total of eight taps,
as quickly as possible without losing balance. We timed their performance.
S6.1.10 Five times sit to stand (FS2S)
Participants were seated on a chair without armrests, with their arms crossed in front of their
chest and their back not touching the back rest of the chair. They were instructed to stand up
and sit down five times as quickly as possible. We recorded the duration it took the participant
to complete the five repeated stand/sit actions.
S6.2. Perceived ability
S6.2.1 Falls Efficacy Scale International (FES-I)
The (FES-I) is a self-report questionnaire measuring concern for falling during everyday
activities (Yardley et al., 2005). It contains 16 items, which are answered on a scale from 1 (not
concerned) to 4 (very concerned) and the total score of the answers provided was used. The
Dutch version of the FES-I was shown to have good test-retest reliability (ICC = 0.82) and
excellent internal consistency (α = 0.96) (Kempen et al., 2007).
S6. 2.2 modified Gait Efficacy Scale (mGES)
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The mGES is a self-reported measure of a person’s confidence to safely perform walking
related tasks (Newell et al., 2012). It contains 10 items, which are answered on a scale from 1
(no confidence) to 10 (complete confidence). The total score of all items was used. The Dutch
version of the mGES was shown to have excellent internal consistency (α = 0.95) and testretest reliability (ICC(2,1) = 0.90) (Weijer et al., 2020).
S6.2.3 Short form (36) health survey (SF-36)
The SF-36 physical functioning (SFpf) and role limitations: physical problems (SFrp) are
self-report questionnaires concerning mobility health status (Brazier et al., 1992). The SFpf
contains 10 items about activity limitations due to health issues, which can be rated on a
scale of 1 (not limited at all) to 3 (limited a lot). The SFrp domain contains 4 items about how
often health issues are limiting in daily-life, which can be rated on a scale of 1 (never) to 5
(always). Internal consistency of both questionnaires was excellent, 0.93 and 0.90 respectively,
in a Dutch population (Aaronson et al., 1998).
S6.2.4 Perceived walking difficulty (PWD) and balance (PB)
Perceived Walking Difficulty and Perceived Balance were assessed by the questions “Did you
have trouble walking in the past three months?” and “Did you have good balance in the past
three months?“, respectively. These questions were answered by yes or no.
S6.2.5 Perceived maximum step length (pMSL)
Participants indicated the length of the maximum step they believed they were able to make
onto a plastic non-slip mat placed on the floor (Weijer et al., 2019). To do so, they walked
six times either towards or away from the plastic mat which was placed at a semi-random
distance by the rater. The mat was placed three times close by the participant and three times
far away from the participant. The perceived Maximum Step Length was defined as the mean
of the six distances between their toes and the plastic mat. Our lab has previously shown that
this method has strong reliability (ICC(2,1) = 0.63, SEM = 11.52 cm). perceived Maximum
Step Length was normalized to leg length.
S6.2.6 Perceived maximum step height (pMSH)
Participants estimated the maximum height of a bar that they thought they would be able to
step over. They had to keep in mind that their feet had to be in a forward orientation while they
were on the floor (see Maximum Step Height). They indicated their Perceived Maximum Step
Height six times. This was done by moving the bar up and down and asking the participants,
who stood at a three meter distance from the bar, to indicate when they thought that the
maximum height they could step over was reached. The perceived Maximum Step Height
was defined as the average of the six chosen heights. Our lab has previously shown that this
method has moderate reliability (ICC(2,1) = 0.57, SEM = 6.17 cm). perceived Maximum Step
Height was normalized to leg length.
S6.2.7 Perceived maximum river width (pMRW)
Participants crossed a 12 meter long tapered sheet of paper with a width of 1.84 meter at one
end and a width 0.31 meter at the other end (N. Kluft, Bruijn, et al., 2017). The participants
were They were instructed to start at the widest end of the paper, which was referred to as a
river, cross the paper and return to the other side of the widest end of the paper as quickly
as possible without running or jumping and while making sure not to step onto the paper.
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Their performance was timed. This was only done to stimulate participants to act as quickly as
possible. Their perceived ability for the river test was defined as the width of the paper at the
location where they stepped over it and their actual ability for the river test was determined as
the actual ability in the step test (see Maximum Step Length). The perceived Maximum River
Width was defined as the mean of the six chosen heights. Our lab has previously shown that
this method has moderate reliability (ICC(2,1) = 0.42, SEM = 9.24 cm). perceived Maximum
River Width was normalized to leg length.
S6.3. Physical activity
Physical activity was calculated from the accelerometry data by summing the duration of
each locomotion episode per day and taking the average over days. The duration of these
walking episode was determined from days on which the monitor was worn for at least 12
hours, which was considered a ‘valid day’. Data from at least two valid days were required for
each participant to warrant reliable estimates of physical activity (Matthews et al., 2002; K. S.
van Schooten, Rispens, et al., 2015). In case fewer than two valid days of data were obtained,
physical activity was considered missing.
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7.1 Summary
Safely remaining active can be a challenge in older adults when age-related
decline of physiological capacity sets in. In chapter one, we argued that an
accurate perception of physical ability is likely necessary to balance the health
benefits of physical activity against the exposure to balance threatening
situations that inherently comes with being physically active. We also noted
that self-perceived ability may not only relate to fall risk through an association
with physical activity but that it may also have an effect on people’s performance
in situations that may be perceived as balance threatening. The overall aim of
the thesis was to explore if the relation between physical ability and falls was
modulated by self-perceived ability, potentially mediated through physical
activity, in community dwelling older adults. Fig 7.1, which is a copy of Fig
1.1, schematically shows the hypothesized relationships between physical
ability, self-perceived ability, physical activity and falls that form the basis of
this thesis.

Fig 7.1. Model of the hypothesized relationships between physical ability, self-perceived ability, physical
activity and falls. Arrows represent directional and bi-directional relationships. An arrow being pointed
at by another arrow indicates that this relationship is hypothesized to be modulated by the construct
from which the arrow is pointing at it. The numbers indicate the chapters in which the relationships,
or construct in the case of chapter 4, are further explored. A dashed arrow is used to indicate that a
relationship is hypothesized but is not investigated in this thesis (see chapter 6).

118

Chapter 7
To investigate these hypotheses, we introduced the “Veilig in beweging blijven”
(VIBE) (English: “Safely remaining active”) prospective observational cohort.
The VIBE cohort included 287 participants for a follow-up over one year and
included a myriad of tests that measured self-perceived and actual physical
ability as well as potential other factors associated with the hypothesized
relationships. Daily-life gait performance and physical activity was assessed
using wearable accelerometer devices.
In chapter two, we investigated whether perceived gait stability modulates
the association between gait quality and falling in older adults. In this chapter,
we used data from the FARAO study in which 272 participants had worn
an accelerometer on the lower back for one week, filled out a questionnaire
and were monitored for falls during a six month follow-up. Gait quality was
quantified using the accelerometer data by determining sample entropy,
a measure of complexity, in the vertical and anteroposterior directions.
Perceived gait stability was quantified explicitly using the Falls Efficacy Scale
International (FES-I), a self-report questionnaire which measures concern for
falling in a variety of daily life situations, and implicitly using accelerometer
derived walking speed during daily-life, which is associated with concern
about falling and fear of falling. We found that high sample entropy of
vertical acceleration (“poor gait quality”) was related to future falls and that
this relation was modulated by perceived gait stability, quantified using the
FES-I, such that a relation between sample entropy in vertical direction and
future fall was only present in participants with high FES-I scores (“poor selfperceived ability”). The results of chapter two support the primary hypothesis,
shown in Fig 7.1, that self-perceived ability modulates the relation between
physical ability and falls. As this chapter was an exploratory study, and only
showed prove of concept for gait related physical ability, further evidence was
required to support this hypothesis.
We introduced three stepping tests in chapter three to directly quantify overand under-estimation of physical ability for investigation of the hypothesized
modulation in relation to falling as shown in Fig 7.1. These stepping tests can
be used to quantify self-perceived and actual physical ability in a way that
should make them directly comparable and thus allow us to determine the
level of over- and under-estimation. However, it was not yet known whether
self-perceived and actual ability would transfer between stepping tests, nor
was the reliability of these tests known. Therefore, the aim of this chapter was
to determine the between-test consistency and test–retest reliability of these
stepping tests. The tests consisted of: 1) a step-over-the-bar test, which assessed
the maximum height participants could step over, 2) a step-length test, which
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assessed the maximum length of a step that a participant could make, and 3)
a step-over-the-river test, that was only used to assessed the maximum step
length while participants were asked to step over a (virtual) river, i.e., a tapered
sheet of paper. Self-perceived ability was assessed by asking participants to
indicate their perceived maximum performance prior to performing the test.
Actual physical ability was assessed by letting participants perform the test
until they were unable to make a higher or longer step. The river test only
assessed perceived physical ability. Self-perceived ability showed moderate
consistency and moderate-to-strong reliability across all three tests. Actual
physical ability showed strong consistency and strong-to-excellent reliability.
Over- or underestimation of physical ability, i.e., misjudgment, showed no or
weak consistency and no-to-moderate reliability across all three tests. Hence,
we found that self-perceived and actual physical ability can be consistently and
reliably measured across tests, but the degree of misjudgment appeared less
reliable and consistent. For further exploration of over- or underestimation,
we therefore recommended the approach we used in chapter two, where
misjudgment is expressed as an interaction term in a regression model.
Since, gait analyses are becoming increasingly more accessible through,
amongst others, wearable technology, there is need for a questionnaire that
assesses confidence specifically in walking ability. The modified gait efficacy
scale (mGES) is a questionnaire that assesses confidence in walking ability. In
chapter four, we performed a cross cultural adaptation of the mGES and we
investigated the construct validity, internal consistency, test-retest reliability
and floor and ceiling effects of our Dutch translation of the mGES. First, we
translated the British version of the mGES to Dutch. Next, we analyzed mGES
scores of 224 participants of the VIBE cohort at baseline and one month
later. Construct validity, which was assessed by the hypothesized strong
positive relation between the FES-I and the mGES, was shown to be excellent.
Similarly, internal consistency and test-retest reliability were both excellent.
However, 20.5% of participants scored the maximum or ceiling value of the
mGES. We concluded that the mGES can be a valuable tool in the assessment
of gait related perceived ability.
Whereas, in chapter four, we focused on an instrument for assessing selfperceived ability, we further delved into self-perceived ability and its relation
to falls in chapter five. It has been suggested that people may enter a vicious
circle where a fall leads to decreased self-perceived ability, expressed as
concern for falling, which in turn may promote future falls. In chapter five, we
investigated whether concern about falling increases after a fall and whether
concern about falling increases the odds of future falls in community-dwelling
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older adults without a recent fall history. We analyzed data of 121 participants
of the VIBE cohort without a self-reported one-year history of falling, who
filled out the FES-I and were monthly monitored for falls over 12 months.
All analyses were performed over long-term, i.e. one year, and short-term,
i.e. one month, intervals for all falls as well as injurious falls only. We found
that concern for falling did not predict future falls over either time period.
Furthermore, falls, during a one-year follow-up, did not predict increases in
concern for falling over this period. However, falls predicted small increases
in concern about falling over a one month period. Though not statistically
tested, the increases were slightly greater for injurious falls than for all falls.
These results suggest that although a fall may lead to a slight increase in
concern about falling within one month after the fall, people do not remain
more concerned about falling after a longer period of up to a year after a fall.
We therefore concluded that concern for falling is unlikely to be the primary
cause of falls in older adults without a recent history of falling.
In chapter six, we revisited the hypothesis from chapter two, but instead of only
focusing on gait ability we investigated a broader range of self-perceived and
actual physical ability measures and also included physical activity. The aim of
this chapter was to investigate if self-perceived ability and/or physical activity
modulate the relationship between physical ability and falls in community
dwelling older adults (Fig 7.1). We used exploratory factor analysis to
determine the number of domains of self-perceived and actual physical ability
that we measured with the tests that were administered in the VIBE cohort.
Next, using structural equation modelling, we tested for each combination of
the previously found domains and physical activity if self-perceived ability
and/or physical activity modulated the relation between actual physical ability
and falls. We found a total of three domains for self-perceived ability and three
domains for actual ability. None of the combinations of domains, nor any of the
combinations between physical ability domains and physical activity showed
a significant interaction term. We concluded that discrepancies between
physical ability and self-perceived physical ability or the amount of physical
activity in community dwelling older adults are likely not large enough to
increase the risk of falling in (our sample of) relatively healthy older adults.
7.2 General discussion
The previous section summarized the chapters of this thesis through which
we have gained a better understanding of how perceived ability, actual ability
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and physical activity relate to falls in older adults. In the remaining part of
this chapter, the results of individual chapters are further discussed with
respect to each other and to literature. Throughout this section, the model
in Fig 7.1 will be central and each of the key factors of the model will be
consecutively discussed. Limitations, conclusions and scientific and clinical
recommendations will be addressed.
7.2.1 Falls

Fig 7.2. Falls, highlighted in black, as part of the overall model Fig 7.1. Arrows represent directional and
bi-directional relationships. An arrow being pointed at by another arrow indicates that this relationship
is hypothesized to be modulated by the construct from which the arrow is pointing at it. The numbers
indicate the chapters in which the relationships, or construct in the case of chapter 4, are further
explored. A dashed arrow is used to indicate that a relationship is hypothesized but is not investigated
in this thesis (see chapter six).

The title of this thesis, “Safely remaining active”, suggests that being active
may not always be safe. The primary, safety-related, outcome measure in this
thesis was falling. In chapter six, we reported that approximately 57% of the
participants of the VIBE cohort had fallen at least once during the one-year
follow-up. Compared to other studies this number is relatively high but within
the range of 30% to 60% reported by Rubenstein and colleagues (2006).
In the VIBE cohort study, we used monthly telephone calls to ask participants
if they had experienced a fall, in addition to filling out a fall diary. Moreover,
throughout this thesis, falls were defined as an unintentional change in
position resulting in coming to rest at a lower level or on the ground (Gibson,
1987). This definition includes a wide range of falls, including minor falls such
as getting up from a chair but immediately falling back into it. The extensive
follow-up procedure and the broad definition of a fall event are likely to have
resulted in a relatively large number of reported falls.
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The differences in definitions of falls and methods of falls follow-up have
been acknowledged in literature to complicate direct comparisons between
studies (Masud & Morris, 2001). Since there is not one clear definition of a fall
or method for falls follow-up, it is especially important to discuss potential
differences in results between studies in relation to these definitions and
methods.
7.2.2. Physical ability and falls

Fig 7.3. Relation between physical ability and falls, highlighted in black, as part of the overall model Fig
7.1. Arrows represent directional and bi-directional relationships. An arrow being pointed at by another
arrow indicates that this relationship is hypothesized to be modulated by the construct from which
the arrow is pointing at it. The numbers indicate the chapters in which the relationships, or construct
in the case of chapter 4, are further explored. A dashed arrow is used to indicate that a relationship is
hypothesized but is not investigated in this thesis (see chapter six).

Remaining active at old age may challenge safety. Physiological capacity,
and therefore physical ability, decreases with advancing age (Ambrose et al.,
2013; Anton et al., 2015) and is associated with falling (S. Lord et al., 2003;
Tiedemann et al., 2010). The association between physical ability and falling
(Fig 7.3) is perhaps the most important aspect of the model in Fig 7.1 as it is
the foundation for the hypothesis that the relation between physical ability and
falling could be modulated by self-perceived ability and/or physical activity.
However, both in chapter two as well as in chapter six we found that some
of our measures of physical ability, i.e., gait and maximum ability measures,
were not related to future falls. This affects the information provided by these
chapters. A statistically non-significant finding concerning the modulation
does not necessarily mean that there is no modulation of the relation between
physical ability and falling. Instead, it may have been non-significant because
the physical ability measure that is being studied was unrelated to falling and,
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hence, there was no relation to be modulated. However, a confirmed relation
between physical ability and falling is not a prerequisite for a modulation to be
present, as the modulation may mask the relation between the physical ability
measure and falling.
In both chapters two and six, we quantified physical ability based on gait quality
characteristics from daily life. The fact that we did not find these gait measures
to be related to future falls in the VIBE cohort while we did observe a significant
relation for sample entropy in the FARAO cohort stresses the need for further
research into the relation between gait quality characteristics and falls. The
(objective) gait quality measures were selected based on their relation to falls
or, for sample entropy measures, on their apparent independence from gait
speed which is associated with self-perceived ability (Huijben, van Schooten,
van Dieën, & Pijnappels, 2018; Rispens et al., 2015; K. S. van Schooten et al.,
2016). Although sample entropy seems to be unrelated to gait speed, other
gait quality characteristics are affected by or at least related to gait speed
(England & Granata, 2007). Given the relation between self-perceived ability
and gait speed, it is unclear whether gait quality characteristics are a measure
of physical ability, perceived ability or a combination of the two (Dias et al.,
2011). Future research may focus on the individual contributions of physical
ability and perceived ability on the quality of gait in daily life to clarify how
gait quality characteristics are related to falls.
7.2.3 Self-perceived ability and falls

Fig 7.4. Relation between self-perceived ability and falls, highlighted in black, as part of the overall
model Fig 7.1. Arrows represent directional and bi-directional relationships. An arrow being pointed
at by another arrow indicates that this relationship is hypothesized to be modulated by the construct
from which the arrow is pointing at it. The numbers indicate the chapters in which the relationships,
or construct in the case of chapter 4, are further explored. A dashed arrow is used to indicate that a
relationship is hypothesized but is not investigated in this thesis (see chapter six).
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In this thesis two methods of quantifying self-perceived ability are used:
physical tests and psychological questionnaires. This combination was
expected to provide the most valuable information considering that we were
interested in both physical and psychological concepts.
First, self-perceived ability may influence behavioral choices and these
behavioral choices can be observed in physical tests. In chapter 3, we evaluated
tests that measure a person’s behavioral choice, using both explicit tests, the
step-over-the-bar and step-length test, and an implicit test, the step-over-theriver test. We showed that these tests resulted in only moderately consistent
quantifications of perceived ability over tasks. It may be argued that implicit
tests, such as the step-over-the-river test, are better suited to measure these
behavioral choices as they are more representative of real-life scenarios and
do not force the participant to actively think about their choice. Kluft and
colleagues (2019) designed a stepping down paradigm, in which participants
stepped down a step at different heights. Participants’ self-perceived ability was
determined from the stepping strategy they used. Toe landings are considered
safe but inefficient, while heel landings are more risky but more efficient. With
this method, a person’s behavioral choice can be assessed without drawing
their attention to the estimation process, which could influence results.
Second, Badura’s concept of self-efficacy provides a domain-specific but not
task-specific, like the previously mentioned tests, quantification of a person’s
self-perceived ability (Bandura, 1977). Self-efficacy, the underlying idea about
one’s own abilities to perform tasks in a certain domain, determines the
behavioral choices we make. Self-efficacy can be assessed using questionnaires,
as demonstrated in chapter four. In domains other than fall research, it
has been shown that self-efficacy influences causal attribution (Bandura &
Cervone, 1986; Stajkovic & Sommer, 2000). In line with the findings presented
in chapter five, this could mean that a fall does not affect self-efficacy in people
with good self-efficacy, because they attribute the cause of the fall to external
factors, such as a loose tile on the sidewalk, whereas a fall may further reduce
self-efficacy in people with poor self-efficacy, because they attribute the cause
of the fall to their own actions or impairments.
7.2.4. Physical activity and falls
Safely remaining active refers to the trade-off between the benefits and the
exposure to safety threats that come with (high) levels of physical activity.
Physical activity is important for maintaining muscle mass as well as
cardiovascular fitness (Van Roie et al., 2010). However, exposure to balance
threats, by being physically active, may increase the risk of falling (Gazibara et
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Fig 7.5. Relation between physical activity and falls, highlighted in black, as part of the overall model Fig
7.1. Arrows represent directional and bi-directional relationships. An arrow being pointed at by another
arrow indicates that this relationship is hypothesized to be modulated by the construct from which
the arrow is pointing at it. The numbers indicate the chapters in which the relationships, or construct
in the case of chapter 4, are further explored. A dashed arrow is used to indicate that a relationship is
hypothesized but is not investigated in this thesis (see chapter six).

al., 2017). The paradox of benefits and increased exposure to balance threats
that come with being physically active makes comparison of the number of
falls between physically active and physically inactive people problematic (Lu,
Lam, Leung, & Kwok, 2020). It has been suggested to correct the number of
falls individuals experience for the physical activity they engage in (Del Din et
al., 2020; Klenk et al., 2015; Wijlhuizen et al., 2010). Such an approach could
result in a dependent variable that is more strongly related to physical ability
and less to exposure. Similar to these approaches, in chapter five, we included
physical activity, i.e., the time spent walking, as a covariate in the regression
models that tested the relation between falls and concern about falling.
In chapter two, physical activity was not included as a covariate because good
self-perceived ability is associated with staying physically active (Pekmezi,
Jennings, & Marcus, 2009). Hence, correcting the number of falls for the
amount of exposure would not allow us to test our modulation hypothesis
(fig. 7.1).
7.2.5. Modulation
The main hypothesis in this thesis was that the relation between physical ability
and falling is modulated by self-perceived ability and/or physical activity. Two
pathways were suggested.
First, self-perceived ability may influence the risk people are taking in their
everyday life. Higher self-perceived ability and more physical activity would
lead to increased exposure to balance threats, some of which may be beyond
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Fig 7.6. Modulation of the relation between physical ability and falls by self-perceived ability and
physical activity, highlighted in black, as part of the overall model Fig 7.1. Arrows represent directional
and bi-directional relationships. An arrow being pointed at by another arrow indicates that this
relationship is hypothesized to be modulated by the construct from which the arrow is pointing at it.
The numbers indicate the chapters in which the relationships, or construct in the case of chapter 4,
are further explored. A dashed arrow is used to indicate that a relationship is hypothesized but is not
investigated in this thesis (see chapter 6).

a person’s physical ability (Delbaere, Close, Brodaty, et al., 2010). Hence,
someone with a poor physical ability may fall more frequently when he or
she has high self-perceived ability or is very physically active and thereby is
exposed more than when he or she has low self-perceived ability and is not
very physically active.
Second, poor self-perceived ability may have a more direct modulating effect.
Specifically, concern about falling may reduce movement automaticity and
attentional processing efficiency (Young & Williams, 2015), resulting in an
increased risk of tripping (Young et al., 2012). People with good physical
ability may be able to compensate for the increased risk whereas people with
poor physical ability may be more likely to fall.
In chapter two, evidence was presented that self-perceived ability indeed
modulates the relation between physical ability, assessed from daily-life
gait, and falling. The evidence in this chapter resulted from an exploratory
study, based on data from the FARAO cohort, using an unconventionally low
statistical threshold (alpha = 0.9) and needed replication. In our attempt to
replicate these results with data from the VIBE cohort (not published), we
could not reproduce this modulating effect of perceived gait stability on the
relation between gait quality and falling. In Fig 7.7 the results from chapter two
are compared to the result obtained by using the exact same analysis on the
VIBE data. It shows that, in contrast to Fig. 2.2, people with both poor physical
ability and poor self-perceived ability were not more at risk of falling than any
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of the other classification groups based on median sample entropy in vertical
direction and FES-I scores. Table 7.1 shows a comparison of characteristics
of the populations used in chapter 2 and used for the reproduction shown
in Fig. 7.7. From this table it can be seen that measures of physical ability
(i.e., sample entropy in vertical direction), self-perceived ability (i.e., FES-I
score and stride length) and number of falls are similar in both populations.
However, the FARAO population appears to be older, contains relatively more
male participants, contains relatively more people who use walking aids,
has relatively fewer people living independently and has more symptoms of
depression. The overall older age, combined with more heterogeneity in use of
walking aids and living situations of the FARAO population could be a reason
why we were unable to reproduce the results of chapter two with the VIBE
data. However, we did not find that age, walking aids or living status were
associated with either sample entropy or FES-I scores in the FARAO cohort.
In chapter six, results based on VIBE data also indicated that self-perceived
ability did not modulate the relationship between physical ability and falling
despite testing at least 10 different combinations of perceived ability, physical
activity and physical ability factors. Combined, the chapters in this thesis do
not support the existence of a modulating effect of perceived ability, nor of
physical activity, on the relation between physical ability and falls.

Fig. 7.7. Replication of chapter two analyses (Fig. 2.2) with VIBE data. Percentages of participants
within a classification group that fell at least once during six months follow-up. Groups were based on
median sample entropy in vertical direction and Falls Efficacy Scale – International (FES-I) score. The
left graph shows results from chapter two in which data from the FARAO cohort were used. The graph
on the right shows results from the same analysis on the VIBE data, not presented in previous chapters.
# interaction effect between sample entropy and FES-I score (p < 0.1). * association between sample
entropy and falling at least once in the subsequent six months (p < 0.1), only determined in models with
a significant interaction effect.
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Table 7.1. Characteristics of the FARAO and VIBE population used in chapter two and the reproduction
thereof before exclusion of the middle 20% (see chapter two). Values represent mean (SD) values unless
noted otherwise. Handgrip strength is presented as left and right combined. FES-I = Falls Efficacy Scale
– International, GDS = Geriatric Depression Scale. People were classified as having fallen when they had
fallen at least once during a six month follow-up.

FARAO (N = 272)

VIBE (N = 234)

Age, years

75.2 (6.9)

71.5 (5.5)

Female, n (%)

138 (50.7)

158 (67.5)

Body mass, kg

74.0 (13.3)

74.0 (12.8)

Body height, cm

170.6 (9.0)

169.5 (8.3)

Handgrip strength, kg

53.7 (20.5)

58.9 (16.3)

Use of walking aids, n (%)

77 (28.3)

12 (5.1)

Independent, n (%)

226 (83.1)

232 (99.2)

Assisted living, n (%)

19 (7.0)

2 (0.8)

Care home, n (%)

27 (9.9)

0 (0)

GDS score, median (IQR)

3 (1.0 – 6.3)

1 (0.0 – 2.0)

FES-I, media (IQR)

19 (17 – 22)

19 (17 – 21)

Stride length/body height,
arb. Unit

0.6 (0.1)

0.7 (0.1)

Sample entropy vertical
direction, arb. Unit

0.25 (0.03)

0.24 (0.03)

Fallen, n (%)

91 (33.5)

86 (36.8)

Living status

The results of this thesis seem to be in contrast to findings presented in
literature.
Delbaere and colleagues (2010), suggested that discrepancies between selfperceived and physiological fall risk might increase the risk of falling.
However, although their results showed a trend in this direction, they did not
perform statistical tests for confirmation. Similarly, Fujimoto and colleagues
(2015) showed that a maximum step length test, comparable to our step test
in chapter three, was predictive of falls in people who had not fallen in the
previous year. This also seems to be in contrast to the findings presented in
chapter six concerning the perceived and actual maximum ability factors and
their relation to falls. Their study population had relatively good physical
ability and as such was likely very similar to the VIBE cohort. The main
difference was that they determined the level of misjudgment, i.e., estimation
error, directly from the test instead of including an interaction term in the
prediction model, as we did in chapters two and six. In chapter three, it was
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shown that calculating misjudgment does not lead to consistent findings over
tests, suggesting that direct quantification of misjudgment is task specific (N.
Kluft, Bruijn, et al., 2017). It is surprising that their method of determining
the level of misjudgment can predict falls that supposedly happen in a variety
of contexts, whereas Kluft and colleagues (2019) did not find misjudgment to
improve fall prediction.
The tests that we employed in chapters three and six are comparable to the
experimental setup by Butler and colleagues (2015), in which participants had
to cross a gap by walking over a plank. Narrow, high risk, planks were located
close to the participants whereas wider, low risk, planks were placed further
away from the participants such that walking over the narrow planks would
take less time but more risk than walking over the wide planks. Although their
setup used a similar risk reward method as the river task in chapters three and
six of this thesis, a difference in their study was that participants were stopped
before actually crossing the plank in view of safety concerns. They showed
that older adults with good physical ability consistently took small behavioral
risks when choosing which plank to cross the gap, while older adults with
poor physical ability more often took more extreme, both larger and smaller,
behavioral risks. Furthermore, they showed that taking high behavioral risk
was associated with falling in the subsequent year.
The finding that people with poor physical ability take more extreme behavioral
risks than people with good physical ability in choosing the level of risk to
which they expose themselves has implications for the work presented in this
thesis. It implies that a discrepancy between perceived ability and physical
ability is more likely to be found in people with poor physical ability. This
is congruent with how people may attribute the cause of falls as discussed
in section 7.2.3 as well as the findings by Sakurai and colleagues (2020) who
showed that as physical ability decreases, self-perceived ability increases
depending on the level of physical activity a person engages in.
7.2.6 The VIBE cohort
Chapters three to six were all based on data from the VIBE cohort, which
was specifically designed to investigate the modulation of the relation between
physical ability and falling by self-perceived ability and physical activity.
The results in this thesis are in contrast to several findings of other studies
as indicated above and it may be questioned whether the VIBE cohort is
representative of the Dutch population of community dwelling older adults.
Selection bias may indeed have played a role here. Inclusion of participants for
the VIBE cohort was mainly done through three methods of communication.
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One advertisement was placed in a newsletter sent to older adults following
courses at the Vrije Universiteit Amsterdam. Another advertisement was
placed in a local newspaper in Amstelveen in which we specifically targeted
people at risk of falling, and finally a physiotherapist, working with (pre)frail
older adults, asked her clients to join the VIBE cohort. Despite our attempts to
include a diverse population, most participants were of Caucasian heritage (not
recorded), were highly educated (see Table 3.1) and had only few comorbidities,
indicating a relatively healthy subsample of the actual population (Huisman
et al., 2011). Moreover, the VIBE cohort consists of more people with good
physical ability than people with poor physical ability (Schootemeijer et al.,
2020), as indicated by the percentages of people in our cohort in low fall risk
groups determined with the QuickScreen fall risk assessment (Tiedemann
et al., 2010): lowest fall risk = 18%, second lowest fall risk = 58%, third
lowest fall risk = 13%, highest fall risk = 11%. Hence, the hypotheses tested
in this thesis are tested mostly on data from older adults with good physical
ability, whom are therefore suggested to have less discrepancy between their
perceived ability and physical ability (Butler et al., 2015; Ryota Sakurai et
al., 2020). This seems to be confirmed by the similarly good self-perceived
ability. Only 17% had baseline FES-I scores below the threshold for poor fallsrelated self-efficacy determined by Delbaere and colleagues (2010) and 19.7%
scored the lowest possible value on the mGES questionnaire (chapter four).
Furthermore, in chapter six it was shown that for participants in the VIBE
cohort, the factor maximum ability was very highly correlated with the factor
perceived maximum ability (r = 0.97). This implies that nearly everyone made
a nearly equally accurate or inaccurate estimate of their physical ability. The
implication of this low variance in differences between self-perceived ability
and physical ability is that for the present VIBE cohort it may not have been
statistically possible to show that self-perceived ability modulates the relation
between physical ability and falling.
7.2.6. Scientific and clinical recommendations
Future studies investigating the role of physical ability and self-perceived
ability in relation to falls may want to refine methods of quantifying these
constructs, especially the self-perceived ability construct. Both physical
tests and psychological questionnaires are valuable tools for quantifying the
perceived ability but none of the tests presented in this thesis have the ability
to estimate the direct effects that psychological states of fear or anxiety may
have on performance (T. J. Ellmers & Young, 2019; Nick Kluft et al., 2020).
The influence of fear and anxiety on fall risk in daily-life is difficult to assess
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in observational studies as they are both individually dependent as well as
task- and context specific (N. Kluft et al., 2019). Most research instead assesses
psychological traits that may make people more susceptible to reaching a fear
or anxiety state. Methods for quantifying psychological states in daily-life
should be further explored. For instance, by using accelerometer derived data
such as in chapter two in which gait speed was used as a proxy for perceived
ability or by quantifying physiological stress responses for instance through
galvanic skin potential.
Healthcare providers should be aware that patients with good physical ability
are likely to be able to accurately estimate their physical ability. However, this
accurate perception of physical ability may deteriorate when physical ability
declines depending on how physically active a participant is (Ryota Sakurai et
al., 2020). Hence, for patients with poor physical ability it can be important
to also assess their self-perceived ability, for instance by using questionnaires
such as the FES-I or the mGES. Furthermore, in chapter five, it was shown
that falls may not be the primary cause for concern about falling. Healthcare
providers should be aware that there may be other reasons than a recent fall
that causes their patient to be concerned about falls.
For people with declined physical ability, in order to safely remain active, it
may be important to not only perform exercises that have a focus on physical
attributes but also to stimulate a positive perception of their own physical
abilities within safety limits.
7.3 Conclusion of the thesis
The results presented in this thesis, based on the VIBE study, do not support
the hypothesis of a modulating effect of perceived ability, or of physical activity,
on the relation between physical ability and falls in community dwelling older
adults. This conclusion should not be extrapolated to populations with poor
physical ability such as more frail and patient populations.

132

Chapter 8
Nederlandse samenvatting, bibliography,
list of publications & dankwoord

Safely remaining active
8.1 Nederlandse samenvatting
Wanneer we ouder worden en onze fysieke capaciteit achteruit gaat wordt het
een steeds grotere uitdaging om veilig in beweging te blijven. Fysiek actief
zijn door bijvoorbeeld te wandelen wordt vaak gezien als een belangrijke
factor om gezond te blijven maar tegelijkertijd stellen we ons ook bloot aan
omgevingsfactoren die de kans op vallen verhogen. Om de gezondheidswinst
die gepaard gaat met fysieke activiteit af te kunnen wegen tegen de risico’s
die er mee gepaard gaan moeten we een accurate inschatting hebben van ons
eigen fysieke kunnen, althans dat is de hypothese die centraal staat in deze
thesis.
In het eerste hoofdstuk wordt een inleiding gegeven over het belang van een
accurate inschatting van het eigen fysieke kunnen. Er wordt beargumenteerd
dat een te hoge inschatting van het eigen fysieke kunnen het risico op vallen kan
vergroten doordat het gepaard kan gaan met meer fysieke activiteit en meer
blootstelling aan valgevaarlijke situaties. Daarnaast wordt beargumenteerd
dat een te lage inschatting van het eigen fysieke kunnen ook een verhoogd
risico op vallen kan geven. Dit doordat fysieke prestaties kunnen verslechteren
wanneer stress wordt ervaren, zoals wanneer iemand val angst ervaart. Het
overkoepelende doel van deze thesis is om te onderzoeken of de relatie tussen
het fysieke kunnen en vallen afhankelijk is van de inschatting van het eigen
fysieke kunnen, en of deze afhankelijkheid via fysieke activiteit verloopt. Dit
wordt onderzocht in zelfstandig-wonende ouderen van 65 jaar of ouder.
In het tweede hoofdstuk van deze thesis wordt gekeken of de associatie tussen
vallen en de kwaliteit van het lopen in het dagelijks leven wordt beïnvloed
door de zelf-inschatting van de loop stabiliteit aan de hand van data van
272 zelfstandig-wonende ouderen van 65 jaar of ouder. Deze ouderen
droegen een bewegingsmeter op de onderrug gedurende een week. Met deze
bewegingsmeterdata is de loop kwaliteit beoordeeld en is geprobeerd om de
zelf-inschatting te beoordelen door te kijken naar de, voor lichaamslengte
gecorrigeerde, loopsnelheid in het dagelijks leven. De aanname hierbij is dat
een lage loopsnelheid gepaard gaat met een lage inschatting van het eigen
fysieke kunnen. Daarnaast vulden de deelnemers een vragenlijst in over de
zorgen die ze ervaarden met betrekking tot vallen en er is bijgehouden hoe
vaak deze mensen zijn gevallen gedurende de zes maanden na de meting
met de accelerometer en het invullen van de vragenlijst. De resultaten in
dit hoofdstuk laten zien dat een slechte kwaliteit van lopen gerelateerd is
aan vallen maar alleen binnen de groep deelnemers die hadden aangegeven
zorgen te hebben over het vallen. Deze resultaten ondersteunen de centrale
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hypothese van deze thesis maar omdat het onderzoek dat wordt beschreven
in dit hoofdstuk een exploratieve insteek had is er meer onderzoek nodig om
de hypothese te bevestigen.
De andere hoofdstukken, op hoofdstuk zeven na, zijn allemaal gebaseerd op
het prospectieve observationele “Veilig in beweging blijven” (VIBE) cohort. In
het VIBE cohort zijn 287 deelnemers geïncludeerd die gedurende één jaar zijn
gevolgd. Aan de hand van meerdere testen, vragenlijsten en andere methodes
is een beoordeling worden gemaakt van de inschatting van het eigen kunnen,
de fysieke gesteldheid, de fysieke activiteit en het vallen gedurende een jaar
tijd.
In hoofdstuk drie worden drie stap taken geïntroduceerd waarmee het overen onderschatten van het fysieke kunnen rechtstreeks kan worden beoordeeld.
Deze testen beoordelen zowel de inschatting van het eigen fysieke kunnen
als het daadwerkelijke eigen fysieke kunnen op dezelfde schaal waardoor ze
rechtstreeks te vergelijken zijn. Hoewel deze testen eerder in vergelijkbare
vorm zijn gebruikt in andere onderzoeken was het nog niet bekend of de
hoeveelheid die een persoon zichzelf over- of onderschat vergelijkbaar is tussen
verschillende stap testen. Daarnaast was de test-hertest betrouwbaarheid van
de testen nog niet bekend. Het doel van dit hoofdstuk is om vast te stelen of
de hoeveelheid over- of onderschatting die gemeten wordt met de ene stap
test vergelijkbaar is met de hoeveelheid in de andere stap testen en of deze
hoeveelheden betrouwbaar konden worden beoordeeld. Er zijn drie testen
geëvalueerd: 1) de stap-over-de-balk test, hiermee wordt de maximale hoogte
van een obstakel beoordeeld waar een deelnemer overheen kan stappen, 2) de
stap-lengte-test, hiermee wordt de maximale stap lengte van een deelnemer
beoordeeld, en 3) de stap-over-de-rivier test, deze test dient alleen om de
inschatting van de maximale stap lengte van een deelnemer te beoordelen
door de deelnemer te vragen over een rivier te stappen die werd voorgesteld
door een, in breedte aflopend, stuk karton met een lengte van 12 meter. De
inschatting van het eigen fysieke kunnen voor de eerste twee testen wordt
beoordeeld door deelnemers voorafgaand aan het uitvoeren van de testen te
vragen wat hun inschatting van de maximale stap hoogte of stap lengte is. De
resultaten van dit hoofdstuk tonen aan dat de inschatting van het eigen fysieke
kunnen en het daadwerkelijke fysieke kunnen consistent en betrouwbaar
gemeten te kunnen worden door de drie testen maar dat de hoeveelheid overof onderschatting minder consistent en betrouwbaar gemeten te kunnen
worden. Gezien deze resultaten wordt er geadviseerd om de hoeveelheid
over- of onderschatting niet direct te berekenen maar om deze statistisch te
modeleren door gebruik te maken van interactie effecten voor toekomstige
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onderzoeken.
Het inzetten van looppatroon analyses in onderzoek en in de zorg wordt steeds
gemakkelijker door technologische ontwikkelingen waaronder accelerometers.
Hierdoor ontstaat er een behoefte aan vragenlijsten die het vertrouwen in het
lopen kunnen beoordelen. In hoofdstuk vier wordt beschreven hoe een Britse
vragenlijst over het vertrouwen in het lopen is aangepast op de Nederlandse
samenleving en gevalideerd in het Nederlandstalige VIBE cohort. Daarnaast
wordt in dit hoofdstuk bekeken of de resultaten van de Nederlandse vragenlijst
betrouwbaar zijn door de vragenlijst twee maal per deelnemer af te nemen
en is gekeken of er vloer en planfond effecten optreden. De validiteit van
de vragenlijst is beoordeeld door de scores van de vragenlijst te vergelijken
met die van een vergelijkbare, reeds gevalideerde maar minder specifiek op
lopen gerichte, vragenlijst. De resultaten van dit hoofdstuk tonen aan dat
de vragenlijst over het vertrouwen in het lopen valide, intern consistent en
betrouwbaar is. Echter, werd er ook een plafond effect gevonden. Twintig-eneen-half procent van de onderzochte populatie gaf aan volledig vertrouwen
te hebben in het lopen en zat dus aan het plafond van de schaal van deze
vragenlijst. De conclusie van dit hoofdstuk is dat de vragenlijst over het
vertrouwen in het lopen een waardevol instrument is voor het beoordelen van
de zelf-inschatting van het lopen bij ouderen.
In hoofdstuk vijf wordt er dieper ingegaan op de relatie tussen de inschatting
van het eigen kunnen en vallen. Er wordt vaak gesproken over een vicieuze
cirkel waarin een val leidt tot meer zorgen om toekomstige vallen en die zorgen
leiden vervolgens weer tot meer vallen. In hoofdstuk vijf wordt onderzocht
of deze zorgen over vallen daadwerkelijk zijn toegenomen na een val en of
deze zorgen gepaard gaan met een verhoogt valrisico. Dit wordt onderzocht
over periodes van zowel een maand als een jaar in een groep deelnemers
van het VIBE cohort die hadden aangegeven niet te zijn gevallen in het jaar
voorafgaand aan de eerste meting. Dit laatste is belangrijk om te zorgen dat
de resultaten niet worden beïnvloed door de effecten van een eerdere val.
De resultaten van dit hoofdstuk tonen aan dat het hebben van zorgen om
te vallen niet gerelateerd is aan vallen, zowel niet aan vallen gedurende de
maand als gedurende het jaar na het invullen van de vragenlijst over zorgen.
Verder wordt aangetoond dat wanneer mensen zijn gevallen gedurende het
volledige jaar waarin vallen werden bijgehouden, hun zorgen om te vallen
niet extra verergerd zijn gedurende deze periode dan de zorgen om te vallen
van mensen die niet zijn gevallen gedurende dit jaar. Echter, zijn vallen die
worden gemeten gedurende een periode van één maand wel voorspellend
voor kleine verergeringen in de zorgen om te vallen die optreden tussen het
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begin en einde van die maand. Hoewel het niet statistisch is getoetst lijkt
het er op dat vallen die gepaard gaan met letsel ook gepaard gaan met een
grotere verandering in de zorgen om het vallen dan wanneer naar alle vallen
samen wordt gekeken. De zorgen om te vallen verergeren tijdelijk na een val
maar lijken binnen een jaar tijd weer terug naar het oorspronkelijke niveau te
zakken. De conclusie van dit hoofdstuk is daarom dat het onwaarschijnlijk is
dat de zorgen om het vallen een primaire reden zijn waarom ouderen zonder
recente val geschiedenis vallen.
In hoofdstuk zes wordt terug gekeerd naar de hoofdvraag van deze thesis.
Hier wordt onderzocht of de eigen inschatting van het fysieke kunnen, en de
hoeveelheid fysieke activiteit, de relatie tussen het fysieke kunnen en vallen
beïnvloeden bij zelfstandig wonende ouderen. In het VIBE cohort worden zijn
de inschatting van het fysieke kunnen en het daadwerkelijke eigen kunnen
met veel verschillende methodes beoordeeld. De maten die via deze methodes
zijn verkregen worden in dit hoofdstuk eerst onderverdeeld in domeinen op
basis van hun gedeelde variantie. Vervolgens wordt voor elke combinatie
van deze domeinen en fysieke activiteit onderzocht of de inschatting van het
eigen fysieke kunnen en fysieke activiteit de associatie tussen het eigen fysieke
kunnen en vallen beïnvloedt. In totaal zijn er drie domeinen gedefinieerd
voor de inschatting van het eigen fysieke kunnen en drie domeinen voor
het daadwerkelijke fysieke kunnen. Geen van de combinaties van domeinen
of van de combinatie van de fysieke kunnen domeinen en fysieke activiteit
beïnvloedden de associatie tussen het fysieke kunnen en vallen. In dit
hoofdstuk concluderen we dat de discrepanties tussen het fysieke kunnen en
de inschatting van het fysieke kunnen, en tussen het fysieke kunnen en de
fysieke activiteit, bij zelfstandig wonende ouderen mogelijk niet groot genoeg
zijn om het risico op vallen te vergroten wanneer deze mensen relatief gezond
zijn zoals in het VIBE cohort.
Als afsluiting wordt in hoofdstuk zeven gereflecteerd op de resultaten van
de voorgaande hoofdstukken in vergelijking met bevindingen uit andere
studies. Er wordt geconstateerd dat het VIBE cohort, waarop hoofdstukken
drie tot en met zes zijn gebaseerd, een relatief gezonde groep ouderen
betrof met goede fysieke capaciteit. De resultaten moeten in deze context
worden geïnterpreteerd en zijn mogelijk niet representatief voor ouderen
met verminderde fysieke capaciteit. Voor mensen met verslechterde fysieke
capaciteit zijn er aanwijzingen dat het belangrijk is om niet alleen de fysieke
capaciteit te trainen maar ook om een positieve inschatting van het eigen
kunnen te stimuleren. De conclusie van de thesis is dat er onvoldoende bewijs
is gevonden om te kunnen stellen dat de inschatting van het eigen fysieke
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kunnen, en fysieke activiteit, de relatie tussen het fysieke kunnen en vallen
beïnvloedt in zelfstandig wonende ouderen.
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graag coauteur van deze.
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Naomi, deze laatste woorden zijn voor jou want zonder jou zou ik deze thesis
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vol te houden. Het zal niet altijd makkelijk voor je zijn geweest wanneer
ik de weekenden doorbracht achter de computer. Toch heb je me altijd
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met jou kijk ik uit naar wat de toekomst ons brengt, wetende dat we er samen
doorheen gaan.
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