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The age-related decline in spatiotemporal
gait characteristics is moderated by
concerns of falling, history of falls &
diseases, and sociodemographic-
anthropometric characteristics in 60–94
years old adults
Daniel Niederer1* , Tobias Engeroff2, Johannes Fleckenstein1, Oliver Vogel1,3 and Lutz Vogt1

Abstract

Background: Associations between age, concerns or history of falling, and various gait parameters are evident.
Limited research, however, exists on how such variables moderate the age-related decline in gait characteristics.
The purpose of the present study was to investigate the moderating effects of concerns of falling (formerly referred
to as fear of falling), history of falls & diseases, and sociodemographic characteristics on changes in gait
characteristics with increasing age in the elderly.

Methods: In this individual participant level data re-analysis, data from 198 participants (n = 125 females) from 60
to 94 years of age were analysed (mean 73.9, standard deviation 7.7 years). Dependent variables were major
spatiotemporal gait characteristics, assessed using a capacitive force measurement platform (zebris FDM-T). Age
(independent variable) and the moderating variables concerns of falling (FES-I), gender/sex, history of falls and fall-
related medical records, number of drugs daily taken, and body mass index were used in the statistical analysis.
Hierarchical linear mixed moderation models (multilevel analysis) with stepwise (forward) modelling were performed.
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Results: Decreases of gait speed (estimate = −.03, equals a decrease of 0.03m/s per year of ageing), absolute (− 1.4)
and gait speed-normalized (−.52) stride length, step width (−.08), as well as increases in speed normalized cadence
(.65) and gait speed variability (.15) are all age-related (each p < .05). Overall and specific situation-related concerns of
falling (estimates: −.0012 to −.07) were significant moderators. History of potentially gait- and/or falls-affecting diseases
accelerated the age-related decline in gait speed (−.002) and its variability (.03). History of falls was, although non-
significant, a relevant moderator (in view of increasing the model fit) for cadence (.058) and gait speed (−.0027).
Sociodemographics and anthropometrics showed further moderating effects (sex moderated the ageing effect on
stride length, .08; height moderated the effect on the normalised stride length, .26; BMI moderated the effects on step
width, .003). .

Conclusion: Age-related decline in spatiotemporal gait characteristics is moderated by concerns of falling, (non-
significantly) by history of falls, significantly by history of diseases, and sociodemographic characteristics in 60–94 years
old adults. Knowing the interactive contributions to gait impairments could be helpful for tailoring interventions for the
prevention of falls.

Trial registration: Re-analysis of [21–24].

Keywords: Fear of falling, Older adults, Fall risk, Walking interaction

Introduction
The risk for falls increases with increasing age, in par-
ticular above the age of 65 years [1, 2]. One third of all
adults aged over 65 fall at least once a year [1]. In this
population, falls cause 20–30% of mild-to-severe injuries.
More than half of the fallers who need treatment require
hospitalization [3]. Consequently, the “prevention of falls
among the elderly is arguably one of the most important
public health issues in today’s aging society” [4].
To prevent falls, modifiable causes and risk factors for

a fall, as well as their interaction and pathways must be
known and targeted in effective strategies [5]. Beyond
non-modifiable risk factors, such as sex/gender [6] and
increasing age [2], numerous modifiable or at least par-
tially modifiable factors are known. From a disease-
viewpoint, cognitive impairments and dementia [7], sarco-
penia [8] or a history of potentially fall-affecting disease(s)
[9] are reported factors. Furthermore, adverse effects from
medication like psychotropics [10], loop diuretics [11],
opioids and antiepileptics and the detrimental effect of
multi-medication [12] are risk factors. In the inter-
factorial continuum of falls, psychological issues like con-
cerns of falling, a recent history of falling, and rather bio-
logical limitations of physical function or mobility are
known to be contributors for falls [2, 13].
These different risk factors must be treated inter-

actively and not as isolated contributors. Mobility and
physical function impairments, often operationalised by
spatiotemporal gait parameters [14], for example, are
strongly associated with concerns of falling. More de-
tailed, impairments in spatiotemporal characteristics
such as gait speed and stride length, as well as impair-
ments in stride width or double limb support time [15,
16] are known regressors of concerns of falling. Ageing
itself leads to adaptations in gait. Impairments in

spatiotemporal characteristics are, when they are larger
than default age-related declines in spatiotemporal gait
parameters, predictive for a fall [15, 17]. Changes in
these gait characteristics, which are beyond age-related
changes, are, on the one hand, likely to be an individual’s
adaptation in stability and posture following concerns of
falling. On the other hand, such changes are also poten-
tially associated to a history of falls [18, 19]: Age, frailty,
history of falls, sex, and polypharmacy are related to gait
parameters. The fall itself is likely to be triggered by
functional impairment, in particular during walking [20].
Conclusively, ageing leads to age-related, less than age-

related, or beyond age-related declines in (inter alia) gait
characteristics. This association may be moderated by nu-
merous risk factors for falls. The interactive association of
ageing, falls-related functional changes and biopsychoso-
cial risk factors for falls has, however, not yet been finally
delineated. The purpose of the present analysis was to
provide further evidence on this complex interactive
structure. In line with the above-mentioned rationale, ana-
lyses on the temporal structure (ageing is followed by gait
changes) and the most plausible interaction structure is
missing so far. In this study, we investigated the moderat-
ing effects of concerns of falling, history of falls & diseases,
and sociodemographic characteristics on gait changes with
increasing age in the elderly. We hypothesise that age-
related declines in spatiotemporal gait characteristics are
moderated by numerous fall risk factors like concerns of
falling, polypharmacy, a history of falls, and having a his-
tory of potentially fall-related diseases.

Methods
Study design and ethics
In this cross-sectional retrospective trial, all data in-
cluded were obtained from previously published research
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or study samples included in the publishing process (in-
dividual participant level data re-analysis). Individual
participant data were obtained from three multicentre
randomized trials [21–24] and re-analysed. Gait data
was not the focus of these previous publications. One of
the studies published data regarding gait speed [21]. The
other two studies sampled gait characteristics as second-
ary outcomes but did not include this data in a manu-
script so far (study 2: [22, 24]), or remains unpublished
[23] (as of July 2021).
The analysis was conducted using anonymized individ-

ual participants’ data. All underlying studies have been
approved by an ethical review committee for research
(Local ethics committee of the Department 05 of the
Goethe University of Frankfurt am Main: 2011–12, Med-
ical ethics committee of the Goethe University of Frank-
furt am Main, Germany: 107/13, ethics committee of the
Hamburg Chamber of Physicians: PV5762). They,
further,were conducted in accordance to the ethical
standards set by the declaration of Helsinki (Helsinki,
1964; Fortaleza, 2013). The possibility to re-analyse the
assessed but anonymised data was provided by the insti-
tutional review boards’ positive hearing.

Participants
Inclusion criteria were consistent in the three samples:
age 60 years and above, being capable of walking, and
living in a community dwelling, assisted living facility, or
nursing residence housing situation. Exclusion criteria
consists of uncorrected visus impairments, dementia,
acute injuries or infections, or further severe diseases
like unstable angina pectoris, vascular disease of the ex-
tremities, or severe cardiopulmonary dysfunction. More
details on the exclusion criteria have been described
elsewhere [22]. Following the application of inclusion
and exclusion criteria, each participant signed informed
consent prior to study enrolment. Informed consent in-
cluded the approval for the re-analysis of the (after study
completion) anonymised variables.
Recruitment was conducted by personal contact, by

flyers and newspaper bulletins. The participants were re-
cruited in senior residence institutions [22–24] and in
two communities [21](95 participants) in the greater
Frankfurt metropolitan region (Hessen, Germany). Com-
munity dwelling guests ot the residences were, partially,
also included [23] Overall, 198 adults (males = 73, fe-
males = 125) from 60 to 94 years (mean 73.9, standard
deviation 7.7 years; independent variable) were included.

Outcomes
Model definition and temporal structure
The independent variable was age [years]. Moderators
were sociodemographic & anthropometric data (sex/gen-
der, body height & weight, body mass index), concerns

of falling (sum score and during specific situations), his-
tory of fall-related diseases, multi-medication/polyphar-
macy, and history of fall(s). The dependent variables
(different models) were the spatiotemporal gait charac-
teristics variables.
Age and moderating sociodemographic characteristics

were asked first, followed by the questionnaires (also
moderators); the assessment was completed assessing
the gait characteristics in conclusion.

Moderators
Sociodemographic and anthropometric data were asked or
assessed using standard equipment
The history of potentially gait-affecting disease (such as
hypertonia, musculoskeletal pain, uncorrected impaired
visus, neuropathy, recent cancer) and medication intake
were assessed by means of a structured interview. Dis-
eases were afterwards simply dichotomised as: yes = par-
ticipant has a history of potentially gait-affecting disease
versus no = no history of such disease(s) reported. The
same was done for the multi-medication: yes =more
than three different drugs versus no = intake of three or
less different drugs [25].
History of falls in the last 6 months was assessed with

a self-report questionnaire by means of a structured
interview. Sufficient validity of this retrospective proced-
ure against a prospective calendar-reported method is
given [26]. For the present analysis, the falls in the previ-
ous six months were selected and, again, dichotomised
as yes = at least one fall in the previous six month versus
no = no such event in this timespan.
Activity-related concerns of falling were captured by

means of the German version of the Falls Efficacy Scale
(Short FES-I). The FES-I assesses one’s confidence (1 =
not concerned, 4 = very concerned) in performing differ-
ent basic or more demanding physical and social activ-
ities of daily living without falling. A sum score is built
by simply sum these numbers up. The 7-item short ver-
sion [23] or the 16-item full version [21, 22, 24] of the
FES-I was used. The latter was applied both in complete
form and reduced from 16 to the congruent 7 items.
The 7 items (activities) are concern of falling during:
getting dressed or undressed – taking a bath or a shower
– getting in or out of a chair – going up or down stairs
– reaching for something above your head or on the
ground - walking up or down a slope – going out to a
social event. The full 16-item version also assesses con-
cerns during Cleaning the house - Preparing simple
meals - Going to the shop - Walking around outside -
Answering the telephone - Walking on a slippery surface
- Visiting a friend/relative - Going to a place with
crowds - Walking on an uneven surface [27]. Psycho-
metric properties of the full and short version are at
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least sufficient [27–29]. All questionnaires were com-
pleted by assessors in form of interviews.

Dependent variable gait characteristics
The same setting and device were used for all gait data
assessed. A 10-m ground level distance walkway was
used. In between the two 4-m acceleration/deceleration
walkways, a capacitive force measurement platform of 2-
m length was placed (zebris FDM-T, Zebris medical
GmbH, Isny, Germany).
The participants walked over the walkway in their ha-

bitual/comfortable walking speed. A familiarization trial
was followed by 2 [23] to 5 [21] test trials. A valid test
trial was defined as containing a minimum of three full
footprints (double step). Data was collected with a sam-
pling rate of 50 Hz. The manufacturer’s software (zebris
FDM Software Version 1.16.x, Zebris Medical GmbH,
Isny, Germany) was used to assess and calculate the fol-
lowing parameters (distance/time between initial heel
strikes/contact if not stated other): stride length [cm],
gait speed normalized stride length (√v-dependency),
step cadence [steps/min], gait speed [m/s], gait speed
variability [coefficient of variation, CV, mean/SD], step
width [cm] (distance between right and left heel centre),
and double stance time [seconds]. Mean values were cal-
culated as outcomes.

Statistical analyses
All data were displayed descriptively. Interval and
pseudo interval scaled data are displayed as means and
standard deviations, nominal scaled data as numbers and
percentage distributions, ordinal scaled data as percent-
age distributions.
Linear mixed moderation models (multilevel analysis)

investigated the impact of the independent variable age
on the dependent variables (gait characteristics). Concerns
of falling, history of falls & diseases (including multi-
medication), and participants characteristics (sex, height,
weight, body mass index) were considered as potential
mediators of the association of age and gait characteristics.
A stepwise (forward) modelling was performed. During
the modelling, all potentially relevant moderating variables
(sociodemographic & anthropometric data (sex/gender,
body height & weight, body mass index), concerns of fall-
ing (sum score and during specific situations), history of
fall-related diseases, multi-medication/polypharmacy, and
history of fall(s)) were prospectively modelled to find the
model with the best fit. Variables were excluded if they
were not significant within the total model or if they were
only non-relevant contributors to the model fit (as dis-
played by the within-model by the 2-restricted Log Likeli-
hood). Only the final models (those with the best model
fit) are displayed. The linear mixed model’s estimates dis-
plays the slope (strength of the relationship per respective

unit of mass) of the association and can be interpreted like
classic regression coefficients.
All analyses were performed using SPSS (Version 24,

IBM SPSS, USA). For all inference statistical analyses, an
alpha-error of 5% was considered as a valid cut-off for
significance testing. P-values below 5% are defined as
statistically significant.

Results
Overall, 198 participants were included. Sixty-three
thereof live in nursing homes, the other 135 were
community-dwelling or independently-living. The age
(independent variable) ranged between 60 and 94 years.
Detailed sociodemographic and anthropometric charac-
teristics (moderators) of the participants are given in
Table 1. Additionally, Table 1 displays data on concerns
of falling, history of falls & diseases (moderators), as well
as all spatiotemporal gait characteristics (dependent
variables).
The Figs. 1, 2, 3 display the results of the linear mixed

moderation analyses. Decreases of the stride length, ab-
solute and gait speed-normalized, decreases in gait ca-
dence and speed, and increases in gait speed variability
were all age-related. These associations were negatively
moderated by concerns of falling in five of the seven
outcomes. More detailed, general concerns (7-items sum
score from the 7- or 16-item FES-I) and specific
situation-related (one of the single items) moderated the
age-gait association with stride length (sum score), nor-
malized stride length (crowd), gait speed (sum score),
gait speed variability (uneven), and double stance time
(sum score, crowd, and uneven), Figs. 1, 2, 3). History of
falls showed only non-significant contributions on the
association of age and gait cadence/speed, a history of
potentially gait and/or falls affecting diseases accelerated
the age-related decline in gait speed (non-significantly)
and the variability in gait speed (positively). Sociodemo-
graphic characteristics showed at least one contribution
on the age-gait characteristics-association in three
models (sex affected the relation of age and stride
length, height the impact of age on the stride length and
BMI the relation of age and step width).

Discussion
Hypothesis verification
Age-related declines in spatiotemporal gait characteris-
tics were moderated by numerous fall risk factors. Single
and sum scores of concerns of falling, having a history
of potentially fall-related diseases (all significantly) and
(non-significantly) a history of falls moderated one or
more gait characteristics in 60–94 years old adults. As
some of these factors were found to be additional mod-
erators on the decline of gait characteristics with in-
creasing age, the effects are always depend on which gait
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Table 1 Overview of all data included into the present study. Sociodemographic, concerns of falling, history of falls & diseases, as
well as spatiotemporal gait characteristics of the participants are displayed. Interval and pseudo interval data are displayed as means and
standard deviations, nominal scaled data as numbers and percentage distribution, ordinal scaled data as percentage distributions
- A – Interval scaled data

Outcome Unit Mean Standard deviation Statistical Function

Age [years] 73.9 7.7 Independent variable

Height [cm] 164 22 Sample descriptor

Body weight [kg] 72.8 14.2 Sample descriptor

Body mass index [kg/m2] 26.1 4.3 Moderator

FES-I-7
Concerns of falling sum score*

[points] 8.6 2.1 Moderator

FES-I-16
Concerns of falling sum score*, **

[points] 19.4 3.5 Moderator

Step width [cm] 10.5 3.4 Dependent Variable

Stride length [cm] 114 17 Dependent Variable

Stride length – gait speed normalized [cm] 59.5 5.3 Dependent Variable

Double stance time [% of total gait cycle] 29 5 Dependent Variable

Step cadence – gait speed normalized [steps per minute] 55.1 9.0 Dependent Variable

Gait speed [m/s] 3.7 .83 Dependent Variable

Gait speed Variability Coefficient of Variation [%] 2.85 3.0 Dependent Variable

- B – Nominal scaled data

Outcome Unit Number / Percentage distribution Statistical Function

Sex/Gender [n] / [%] Female: 125 / 63%
Male: 72 /37%
Non-binary: 0 / 0%

Moderator

History of fall-related diseases [n] / [%] Yes: 50 / 25%
No: 148 /75%

Moderator

Multi-Medication [n] / [%] Yes: 69 / 35%
No: 128 / 65%

Moderator

History of fall(s) [n] / [%] Yes: 29 / 14%
No: 169 / 86%

Moderator

- C – Ordinal scaled data: relevant Moderators

Detailed single items of the FES-I:
Concerns of falling -

not at all concerned [%] somewhat concerned [%] fairly concerned [%] very concerned [%]

Cleaning ** 91 7 1 1

Dressing 82 15 2 1

Meal preparation ** 97 3 0 0

Bath or shower 82 5 3 0

Shopping ** 95 4 1 0

In or out a Stair 94 4 2 0

Stairs 69 24 7 1

Flat ** 97 3 0 0

Reaching 76 20 4 0

Phone call ** 91 9 0 0

Slippery walking ** 22 57 18 3

Visit ** 97 3 0 0

Crowd ** 84 14 2 0

Uneven ground ** 56 38 5 1

Slope 67 25 7 1

Event 94 4 1 1

n = numbers; * = pseudo-interval-scaled; ** = n = 154 (FES-I 16 item only); FES-I-7 = falls efficacy scale 7-item international version; FES-I-16 = falls efficacy scale 16
item international version
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characteristics is referred to. Our hypothesis could thus
be partially verified.

Contribution to the current evidence
Considering the simple direct effects of aging, de-
creases of the absolute and gait speed-normalized
stride length and gait speed, as well as increases in
cadence and gait speed variability were all age-
related. Ageing leads to declines in sensory systems
and to a reduced ability to adapt to changes in the
environment and therefore limits the ability to main-
tain balance [30]. Gait, in particular spatiotemporal
gait characteristics, is a multidimensional construct
including energy supply, movement control and de-
mands on multiple organ systems [31]. Impairments
in gait, for example a decreased gait speed, thus are
likely to not only reflect deficits in motor function

but should be seen as an indicator of impaired
vitality itself [31].
With focus on the multilevel moderation, we found

that the associations of increasing age and impairments
in gait characteristics were partially (negatively) moder-
ated by overall and specific situation-related concerns of
falling. A history of potentially gait- or falls affecting dis-
eases further accelerated the age-related decline in gait
characteristics such as gait speed and gait speed variabil-
ity. In contrast, history of falls showed only non-
significant contributions on the association of age and
gait cadence and gait speed. Our data underlines that
the different risk factors found in the present study and
known in the literature must be rated interactively and
not as isolated contributors. The association of concerns
of falling we found, for example, confirms the literature
on findings of fall concern-associated gait impairments

Fig. 1 Results of the linear mixed moderation analyses for the dependent variables stride length (-A-), gait speed normalized stride length (-B-)
and step cadence (−-C-). In each part, the model with the best fit is displayed (without the excluded variables). Each time, the estimates of how
strong the independent variable predicts the dependent variable and of how strong the moderators impacts on this association, are displayed.
The estimates (95% confidence intervals), and significance levels are displayed. *, p < .05; **, p < .01; ***, p < .001; SL, stride length; SL-N, gait
speed normalized stride length; Concerns, concerns of falling estimated by the FES-I-7 items; Uneven, concerns of falls during walking on uneven
surfaces; crowd, concerns of falls during going to a place with crowds
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Fig. 3 Linear mixed moderation results for the dependent variables step width (width) (-A-) and double stance time (-B-). In each part, the model
with the best fit is displayed (without the excluded variables). Each time, the estimates of how strong the independent variable predicts the
dependent variable and of how strong the moderators impacts on this association, are displayed. The estimates (95% confidence intervals), and
significance levels are displayed. *, p < .05; **, p < .01; ***, p < .001; BMI, body mass index; Concerns, concerns of falling estimated by the FES-I-7
items; Uneven, concerns of falls during walking on uneven surfaces; Crowd, concerns of falls during walking in a crowd; DST, double stance time

Fig. 2 Results of the linear mixed moderation analyses for the dependent variables Gait speed (speed) (-A-) and gait speed variability (Varspeed)
(-B-). In each part, the model with the best fit is displayed (without the excluded variables). Each time, the estimates of how strong the
independent variable predicts the dependent variable and of how strong the moderators impacts on this association, are displayed. The
estimates (95% confidence intervals), and significance levels are displayed. *, p < .05; **, p < .01; ***, p < .001; Disease, history of a potentially fall
affecting disease; falls, history of fall(s) in the past 6 months; Concerns, concerns of falling estimated by the FES-I-7 items; Uneven, concerns of
falls during walking on uneven surfaces
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like decreased gait speed, stride length (sum score only
non-significantly in our findings), and double limb sup-
port time (sum score only non-significantly in our find-
ings) [15, 16]. In contrast to our findings, beyond-age-
related impairments in gait characteristics are likely to
be associated to a history of falls [18, 19]. More detailed,
fallers were found to walk slower with shorter steps and
more variable step times than non-fallers and showed a
longer stance phase [32]. As we could not reproduce the
latter finding, it remains unknown if the relation be-
tween a history of falls and gait characteristics is a surro-
gate of ageing (or even a surrogate of concerns of falls)
or an independent risk factor for falls. The fall itself is
likely to be triggered by functional impairment, in par-
ticular during walking [20].
Our results suggest a temporal relation beyond simple

age-gait-associations for certain gait characteristics and
moderators. It seems likely that both, the pathway of
how ageing leads to declines in gait characteristics and
the magnitude of these declines are moderated by at
least one of the moderators investigated (concerns of
falling, multi-medication, a history of falls, and having a
history of potentially fall-related diseases). Gait assess-
ments and in particular gait variability outcomes are
sensitive to identify neural changes [33]. Increased, and
thus impaired, gait variability poses a particular chal-
lenge for older adults and is linked to an increased risk
for falls [30]. These two facts must be considered as
hints towards a relevant causal interrelation.

Practical relevance and implications
Modifiable risk factors for falls and their interaction and
pathways must be targeted to prevent a fall [5]. To ad-
dress modifiable factors, the contributing effect of non-
modifiable factors must be known. This approach allows
estimating real contribution of modifiable factors. Major
non-modifiable factors like increasing age (present
study) and [2] could thus be separated from the numer-
ous modifiable or at least partially modifiable factors.
From the perspective of disease, cognitive impairments
and dementia [7], sarcopenia [8], adverse effects from
medication like psychotropics [10], loop diuretics [11],
opioid and antiepileptic use and multimedication itself
[12] might be better treated when the interaction with
aging is known.
Mobility and physical function impairments are often

operationalised by spatiotemporal gait parameters [14].
Unimodal treatments against such mobility and physical
function impairments were described effective in de-
creasing the numbers of falls. Exercise therapies [34] and
vitamin-D-supplementation [35] are two evidence –
based approaches to decrease the risk of falling. A risk
reduction of approximately 5% was found in pooling
analyses on these approaches. Although relevant, this

considerable small effect of unimodal treatments calls
for a more holistic approach. One may speculate that
targeting individual deficits (from a physical point of
view) in gait characteristics or moderators of beyond-
age-related gait changes could be helpful. Indeed, meta-
analytic evidence showed that reactive and volitional
stepping interventions reduce falls among older adults
by approximately 50% [36]. As a mechanism explanation,
this reduction was caused by improvements in reaction
time, gait, balance and balance recovery but not in
strength [36]. Comparable effects on (balance and) spa-
tiotemporal gait characteristics were reached by virtual
reality training [30].
Sociodemographic and anthropometric characteristics

showed minor contributions (sex affected the relation of
age and stride length, height the impact of age on the
normalized stride length, and BMI the relation of age
and step width). The impact of height on the age-gait-
relation is somewhat new as a finding. The relevance of
sex [6], BMI (i.e. obesity [37]) in fall mechanics, fall pre-
vention, or risk of fall determination are confirmed by
further literature. However, and although it is of import-
ance to know these associations and their contributing
value to the model, these factors are, mostly (except, for
example, the BMI) not modifiable and thus likely to be
of minor interest in fall-preventive interventions. If the
BMI is not only moderating the age-related gait changes
but, when modified, also leads to a decrease in the fall
risk, decreasing the BMI could be beneficial in fall-
preventing intervention strategies, likewise.

Weaknesses of the study
Concerns for a fall was assessed using two different ver-
sions of the same questionnaire (FES-I). The construct
itself and most of the items remains the same for the
two types. However, that and the retrospectively col-
lected falls need to be considered as limitations of the
present study. As we have not investigated fall risk pro-
spectively, a transfer of our results to fall risk must be
considered as theoretical.
Gait and falls are both complex matter and have many

contributors. Some were assessed as independent or
moderating variables in the present study, some (to con-
trol for interindividual variability) were exclusion criteria
(such as cognitive decline, pathological muscle atrophy,
uncorrected visual impairments). Assessing potential
further contributors to falls and gait characteristics such
as sensory function, alcohol abuse, orthostasis, hip and
knee osteoarthritis [38] would have been helpful to show
an even more complete picture.

Conclusions
Age-related declines in spatiotemporal gait characteris-
tics are moderated by numerous factors in 60–94 years
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old adults. Concerns of falling, history of falls & diseases,
and anthropometric-sociodemographic characteristics
were found to be moderators to one or more of the as-
sociations between age and gait characteristics. De-
creases of absolute and gait speed-normalized stride
length, gait speed and step width, as well as increases in
speed normalized cadence and gait speed variability are
all age-related. Overall or specific situation-related concerns
of falling were significant moderators of stride length,
speed, variability of gait speed, and double stance time. His-
tory of potentially gait- or fall- affecting diseases accelerated
the age-related decline in gait speed and its variability. His-
tory of falls (gait speed and cadence) was a non-significant
moderator. Sociodemographic-anthropometric characteris-
tics were further significant (sex on stride length, height on
normalised stride length, BMI on step width) moderators.
The knowledge of these interactions may be helpful in un-
ravelling the complexity of the interaction of gait, ageing,
and risk factors for falls. Knowing the interactive contribu-
tions to gait impairments could be helpful for tailoring fu-
ture interventions addressing falls.
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