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Abstract

Background: Knowledge about how older adults walk is crucial for effective prevention and treatment of various mobility
issues, as well as treatment evaluation, but is to date largely limited to |ab-based measurements. Although this provides relevant
information about what older adults can do under standardized conditions, it does not give insight into how they actually walk in
their daily life, a gap that needs to be addressed urgently.

Objective: The objective of the current study is to describe how older adultswalk in daily lifein relation to age, sex, and level of
physical function, using wearable sensor data from alarge sample of older adults with a wide range of age and function from the
HUNT4 Trondheim 70+ study.

M ethods: The current study is based on one-week accelerometer data (Axivity AX3) from 1289 older adults (mean age 77.41
(SD 6.06) years, range 70-105 years; 54.7% women). Physical function was assessed using the Short Physical Performance
Battery (SPPB). To investigate the effect of age and SPPB score on gait metrics (daily number of steps, 95th percentile speed,
mode speed, 95th percentile cadence, mode cadence, and maximum WB distance) for women and men, univariate gamma
regressions with log link were performed on each outcome measure, with age and SPPB score in separate models. Sex
differences were investigated through Mann-Whitney U tests.

Results: Older adults showed large variation in how and how much they walked in daily life across age, sex, and physical
function, particularly younger participants and those with better physical function. Most gait metrics decreased at an increasing
rate with higher age, with men maintaining their levels up to higher ages than women. Poorer physical function led to an
exponential or close-to-linear decrease in all gait metrics apart from habitual cadence, which remained stable up to high age.
Women had a lower daily number of steps, gait speed, and maximum distance, yet higher cadence, than men (all Ps<.001). On
average, 63% of all walking bouts (WBs) lasted <10 seconds, accumulating to a median of 99 minutes (IQR 66-128). For WBs
lasting 10-30 seconds, the accumulated time was 105 minutes (IQR 65-154), WBs lasting 30-60 seconds accumulated 31 minutes
(IQR 18-47), while WBs lasting >60 seconds accumulated 113 minutes (1QR 37-219).

Conclusions; Daily life walking performance is affected more by functional ability than by age itself, except for the oldest ages,
and differs significantly between sexes. Although most walking bouts are very short, total accumulated walking time is longer in
bouts shorter than 30 seconds than in longer bouts. Future research can build upon our findings, considering both the impact of
short WBs and relevant group and sex differences when implementing daily life mobility assessment in both clinical studies and
patient follow-up.

(IMIR Preprints 11/04/2025:75835)
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How older adults walk: Daily life walking characteristics in relation
to age, sex, and physical function - The HUNT4 Trondheim 70+
Study

Abstract

Background: Knowledge about how older adults walk is crucial for effective prevention and
treatment of various mobility issues, as well as treatment evaluation, but is to date largely limited to
lab-based measurements. Although this provides relevant information about what older adults can do
under standardized conditions, it does not give insight into how they actually walk in their daily life,
a gap that needs to be addressed urgently.

Objective: The objective of the current study is to describe how older adults walk in daily life in
relation to age, sex, and level of physical function, using wearable sensor data from a large sample of
older adults with a wide range of age and function from the HUNT4 Trondheim 70+ study.

Methods: The current study is based on one-week accelerometer data (Axivity AX3) from 1289
older adults (mean age 77.41 (SD 6.06) years, range 70-105 years; 54.7% women). Physical function
was assessed using the Short Physical Performance Battery (SPPB). To investigate the effect of age
and SPPB score on gait metrics (daily number of steps, 95" percentile speed, mode speed, 95"
percentile cadence, mode cadence, and maximum WB distance) for women and men, univariate
gamma regressions with log link were performed on each outcome measure, with age and SPPB
score in separate models. Sex differences were investigated through Mann-Whitney U tests.

Results: Older adults showed large variation in how and how much they walked in daily life across
age, sex, and physical function, particularly younger participants and those with better physical
function. Most gait metrics decreased at an increasing rate with higher age, with men maintaining
their levels up to higher ages than women. Poorer physical function led to an exponential or close-to-
linear decrease in all gait metrics apart from habitual cadence, which remained stable up to high age.
Women had a lower daily number of steps, gait speed, and maximum distance, yet higher cadence,
than men (all Ps<.001). On average, 63% of all walking bouts (WBs) lasted <10 seconds,
accumulating to a median of 99 minutes (IQR 66-128). For WBs lasting 10-30 seconds, the
accumulated time was 105 minutes (IQR 65-154), WBs lasting 30-60 seconds accumulated 31
minutes (IQR 18-47), while WBs lasting >60 seconds accumulated 113 minutes (IQR 37-219).
Conclusions: Daily life walking performance is affected more by functional ability than by age
itself, except for the oldest ages, and differs significantly between sexes. Although most walking
bouts are very short, total accumulated walking time is longer in bouts shorter than 30 seconds than
in longer bouts. Future research can build upon our findings, considering both the impact of short
WBs and relevant group and sex differences when implementing daily life mobility assessment in
both clinical studies and patient follow-up.

Keywords: gait analysis; walking; daily life; real-world; older adults; HUNT; SPPB; physical
function

Introduction

Mobility, the ability to move around physically, is one of the key features of independence for older
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adults, contributing to sustained participation and overall quality of life [1,2]. With increased age, the
prevalence of mobility problems increases, with almost a third of people over the age of 75 having
moderate to severe walking difficulties [3], leading to increased dependency on caregivers and
assistive equipment [4]. Therefore, an in-depth understanding of how older adults walk can provide
valuable insights into factors supporting mobility and independence in an aging population. Better
understanding is pivotal to prevent reduced walking ability, thereby sustaining independence,
lowering societal costs and maximizing available resources [5], as well as maintaining their well-
being [6].

Most of our current knowledge about how older adults walk stems from laboratory-based gait
assessments which have provided us with detailed information about how older adults can perform
under controlled, supervised conditions. This has led to gait speed being identified as a predictor of
survival [7] and disability among older adults [8]. Older adults with a preferred gait speed below 1
m/s, but otherwise well-functioning, had a higher risk of adverse health-related outcomes
compared to those with a faster habitual gait [9]. Furthermore, higher age, female sex, and lower
physical function has been shown to be associated with lower gait speed [10,11]. Additionally, older
adults who walk at a cadence of at least 100 steps per minute were shown to have a 21% reduced risk
of all-cause mortality compared to those with a lower step frequency [12].

However, laboratory-based gait assessment of what older adults can do under standardized
conditions are not representative of what they actually do in daily life, and hence represent two
different constructs of mobility [13-16]. Laboratory assessments may be biased by factors such as
the “white-coat effect” or the “Hawthorn effect” that can cause over- or underperformance, or a
general change in behavior due to the awareness of being observed [17]. In addition, lab
assessments are limited to snapshots of a person’s gait, and it has been shown that gait speed as
measured in-lab differs significantly compared to gait speed in the real world [14,18]. Moreover,
real-world cadence has been found to be significantly associated with number of falls per year, which
has not been shown for cadence, gait speed, or distance as measured in a laboratory setting [19].
Therefore, assessment outside the lab is needed to gain detailed knowledge of how older adults walk
in a setting that reflects the complexity of their daily environments [1]. Such knowledge can give
essential complementary insights into critical factors to prevent functional decline and mobility
reduction.

The last two decades have seen a rise and rapid improvement in wearable sensor technology that
allows for continuous monitoring outside of a lab or clinic. These technological advances can
provide researchers with fine-grained real-world data in a wide variety of mobility contexts. One of
the first studies to use this technology was conducted by Orendurff and colleagues [20], who
described daily life walking patterns of healthy, employed adults. Since then, additional studies have
been published that investigated real-world walking using body worn accelerometers [18,21-23].
Although providing the first insights into real-world gait, most of these earlier studies had low
sample size [24], did not include the frailest and/or oldest adults [18,21,22], or used algorithms that
were not validated specifically for an older population [22,23,25].

Recent developments in algorithms and analysis pipelines specifically developed for older adults and
people experiencing mobility problems, along with improved sensor technology, make it possible to
account for atypical walking patterns that can occur in these populations. These state-of-the-art
algorithms have been shown to reliably estimate various digital mobility outcomes (DMOs) in a real-
world environment, both for healthy older adults in general and for patients with mobility problems
[26,27]. This paves the way for investigating how older adults walk in daily life in large study
samples that include large variations in age and level of function. Therefore, the objective of the
current study is to describe how older adults walk in daily life in relation to age, sex, and level of
physical function, using wearable sensor data from a large sample of older adults with a wide range
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of age and function from the HUNT4 Trondheim 70+ study.

Materials and methods

Study population

A total of 1,745 adults aged 70 years or older participated in HUNT4 Trondheim 70+, a sub-study in
the fourth wave of the population-based Trgndelag Health Study (HUNT) in Norway [28]. Data
collection took place from October 2018 until June 2019. In order to recruit also the oldest and
frailest older adults, those who could not come to the field station were offered a home visit. The
majority of participants were assessed at a field station (74%), with the remaining participants
assessed at their own home (11%) or in their nursing home (15%). The participants provided written
informed consent. In cases where assessors or health care personnel in nursing homes considered a
participant unable to consent, written informed consent was provided by the closest proxy. Of the
1,745 participants included in the Trondheim 70+ sub-study, 1363 older adults (aged 70-105)
participated in activity monitoring and were included in the analyses. This study was approved by the
Regional Committee for Medical and Health Research Ethics (ref. nr. 51105).

Procedures

All participants in HUNT4 Trondheim 70+ underwent a standardized study protocol, including
clinical tests, structured interviews, and self-reported questionnaires, previously described in detail
[29,30]. Height and body weight were measured as part of the clinical tests, and Body Mass Index
(BMI, weight/height?) was calculated retrospectively. Physical function was assessed using the Short
Physical Performance Battery (SPPB), consisting of three sub-tests targeting static balance (feet
together, semi-tandem and tandem stance), leg strength (5-times sit-to-stand), and gait speed (4-m
walk test). Each sub-test was scored with a value between 0-4, adding to a total score of 0-12 points
where higher scores indicate better performance [31]. Cognitive function was assessed using the
Montreal Cognitive Assessment (MoCA) [32], generating a score of 0-30, where higher scores
indicate better cognitive performance.

After the clinical tests, participants were asked to wear two tri-axial accelerometer devices (Axivity
AX3, Newcastle, UK) on their thigh (centrally on the thigh, approx. 10 cm above the upper border of
the patella) and lower back (on L3, the third lumbar segment) for seven days. Devices were
configured using the OmGui software (version 1.0.0.43; Open Movement, Newcastle, UK) and
fixated on the skin using adhesive film (Opsite Flexifix; Smith &Nephew, Watford, UK).
Acceleration was measured at a frequency of 50 Hz (range + 8 g bandwidth). After the measurement
period, participants either sent the devices back in a pre-paid envelope or delivered them back to the
field station in person, where the data was downloaded using the OmGui software.

Data processing

Of the 1363 participants that contributed activity monitoring data, 16 (1.2%) had a data collection
registration error, 20 (1.5%) were missing data from the lower back, and 31 (2.3%) had a data
processing error. In addition, age and/or SPPB score were missing for seven participants (0.5%).
Data from the remaining 1289 participants (94.6%) were included in further analyses. To distinguish
between wearing and non-wearing of the sensor, we used an event-based algorithm that detects
changes in the temperature signal from the Axivity AX3 device [33]. The number of days with
accelerometry data ranged from 1-7, with a median of 6. Data processing was performed using
MATLAB R2022a (MathWorks®, USA). The 456 participants not included in the analyses (due to
not wearing sensors or the reasons mentioned above) were older (82.2 (SD 8.2) vs 77.4 (SD 6.1)
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years), had a lower MoCA score (19.8 (SD 6.9) vs. 23.5 (SD 4.2)), and had a higher proportion of
women (66.9% vs. 54.7%) compared to the analyzed sample.

Real-world walking analysis

The data processing pipeline included validated, top-ranked algorithms [26,27] associated with the
following processing blocks: foot initial contact (IC) detection, walking bout (WB) detection, cadence
estimation, step length, speed, and distance estimation. The Step IC detection algorithm used the
pre-processed vertical acceleration signal. Pre-processing included detrending, low-pass filtering,
numerical integration, and continuous wavelet transformation. The IC events were identified as the
positive peaks between zero-crossings [27]. For walking bout detection, the norm of the triaxial
acceleration signal was first detrended and low-pass filtered (FIR, fc=3.2Hz), then steps-related
peaks in acceleration signal were selected using thresholds for amplitude and peak-to-peak duration
[34,35]. A WB was identified as a sequence of two or more consecutive steps, potentially including
steps during turning but no breaks to ensure a more accurate estimation of gait metrics (e.g., speed,
cadence) and avoid biases in shorter bouts. WB duration (s) was defined as the time interval from
the first to the last foot IC within the WB. Cadence (steps/min) estimation was based on the step IC
detection algorithm and was calculated for each detected WB as step frequency during the
respective WB [27]. The Step-length (m) estimation algorithm was based on the inverted pendulum
biomechanical model proposed by Zijlstra et al. [27,36,37], using a correction factor in the model for
impaired gait patterns. Speed (m/s) was estimated as the product of cadence and step length. For
each WB, step length and speed were obtained as averaged values across all steps within the WB.
Finally, WB distance (m) was estimated as the product of WB duration and WB speed.

Data aggregation and gait outcome metrics

As the parameters characterizing real-world walking were estimated for each detected WB
throughout the monitoring period, a data aggregation procedure is required to summarize these
WB parameters as gait outcome variables for each participant before subsequent statistical analysis.
To this end, for each participant, the walking bouts and the respective parameters were aggregated
from: (i) all WBs across valid wear days (daily aggregation); (ii) all WBs across the entire
measurement period (weekly aggregation). Daily number of steps was obtained by summing the
steps within all detected WBs across all valid days, then averaging across all valid days WBs. Valid
days were defined as days having at least 18 hours of detected wear time. The weekly aggregation
procedure was based on various statistical metrics that describe the distribution of walking
parameters across pooled walking bouts. Within-subject mode was used to represent habitual
walking. Within-subject 95" percentile was used to represent walking capacity and is referred to as
fast cadence and fast walking speed. Additional gait outcome variables derived for weekly
aggregated WBs were: (1) walking bout duration distribution: the percentage of WBs in each of four
duration categories (<10 seconds, >10 - 30 seconds, >30 - 60 seconds, >60 seconds); (2) time in WB
duration categories: the accumulated time in each of the four WB duration categories.

Cohort stratification criteria

Age and SPPB score were categorized into groups for graphical portrayals of group variance. Age
(years) was categorized into six groups (70-74.9, 75-79.9, 80-84.9, 85-89.9, 90-94.9, >95), labeled as
70+, 75+, 80+, 85+, 90+, and 95+, respectively, in tables and figures. SPPB score (0-12 points) was
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categorized into three groups (high score: 12-10 points, medium score: 9-7 points, and low score: 6-0
points) [38].

Statistical analysis

Statistical analyses were performed using R version 4.4.3 (R Core Team, 2025) and RStudio version
2024.04.1+748 "Chocolate Cosmos" (RStudio Team, 2024). Participant characteristics were
summarized using means and standard deviations for continuous variables, and frequencies and
percentages for categorical variables. Dependent variables were graphically and statistically checked
for normality, using histograms and Q-Q plots, and the Shapiro-Wilk test and the Skewness and
Kurtosis test, respectively. To assess whether participant characteristics and gait metrics differed
significantly by sex, we applied the non-parametric Mann-Whitney U test. A Chi-Square Test of
Independence was employed to test whether the distribution of SPPB score differed between sexes.
To investigate the effect of age and SPPB score on gait metrics (daily number of steps, 95" percentile
speed, mode speed, 95" percentile cadence, mode cadence, and maximum WB distance), univariate
gamma regressions with log link were performed on each outcome measure, with age and SPPB
score in separate models. Gamma family and log link were chosen after inspecting residual
distributions and model fit to account for the distribution of the data, and age and SPPB score were
treated as continuous variables. The SPPB score was reversed to make the max score of 12 points the
reference. To prevent disproportionate influence on the results, single representatives of a specific
age (two females aged 97 and 99, and two males aged 93 and 100) were excluded from the gamma
regressions. A power law relationship was observed between several of the log gait metrics and age
or SPPB score. Therefore, the power providing the best fit was determined using maximum
likelihood estimation. When the AIC did not improve, the power was set to one. Regression analyses
were performed separately for women and men.
The relationship between each gait metric and age was assessed using gamma regressions assuming
gait metric = exp(Po + P1(age — 70)*)e
with a gamma-distribution with mean 1 and variance ¢ for the error term e.
The relationship between each gait metric and the SPPB score was assessed using gamma
regressions assuming
gait metric = exp(Bo + B1(12 — score)®)e
with a gamma-distribution with mean 1 and variance ¢ for the error term e.

Results

A total of 1289 participants (54.7% women) were included in the analyses. The mean age of the
participants was 77.41 (SD 6.06) years, ranging from 70 to 105 years. Significant differences were
found between sexes in age, height, weight, BMI, and overall SPPB score (all P’s<.01). Furthermore,
the distribution of SPPB categories differed significantly between women and men (x%2=8.34,
P<.015), with a higher proportion of men in the highest scoring group. For additional participant
characteristics and group frequencies, see Table 1.

Table 1. Participant characteristics and group frequencies, presented as mean (SD) [range], or
frequency (percentage). P-values are derived from Mann-Whitney U tests.

All Women Men P-
value
n (%) 1289 (100%) 705 (54.7%) 584 (45.3%)
Age (years) 77.41 (6.06) [70.1-105.4] 77.96 (6.45) 76.74 (5.49) <.005
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Height (cm) 168.80 (9.26) [141-199] 162.70 (6.36) 176.10 (6.49) <.001
Weight (kg) 76.20 (14.81) [36.4-195.7]  69.90 (12.72) 83.74 (13.56) <.001
BMTI? (kg/m?) 26.71 (4.43) [13.4-65.4] 26.45 (4.68) 27.02 (4.09) <.003
MoCAP score 23.50 (4.19) [3-30] 23.56 (4.45) 23.43 (3.87) .099
SPPB° score 9.96 (2.94) [0-12] 9.71 (3.09) 10.27 (2.71) <.001

Group frequencies (%)
SPPB°

categories:
0-6p 163 (12.7%) 102 (14.5%) 61 (10.6%)
7-9p 203 (15.8%) 121 (17.2%) 82 (14%)
10-12p 923 (71.6%) 482 (68.4%) 441 (75.5%)
Age categories:
70-74.9 588 (45.6%) 310 (44%) 278 (47.6%)
75-79.9 341 (26.4%) 174 (24.7%) 167 (28.6%)
80-84.9 188 (14.6%) 110 (15.6%) 78 (13.4%)
85-89.9 104 (8.1%) 65 (9.2%) 39 (6.7%)
90-94.9 54 (4.2%) 35 (5%) 19 (3.2%)
>95 14 (1.1%) 11 (1.6%) 3 (0.5%)

https://preprints.jmir.org/preprint/ 75835

‘BMI: Body mass index.

"MoCA: The Montreal Cognitive Assessment. Generates a score of 0-30, where higher
scores indicate better cognitive performance.

“SPPB: Short Physical Performance Battery. Generates a score of 0-12, where higher scores
indicate better physical performance.

Walking bouts

The mean number of daily walking bouts (WB) was 253.46 (SD 123.63), ranging from 2.25 to 865.5
WBs. There was no significant difference between women and men in number of WBs (P=0.47). On
average, 63% of all WBs across age, sex, and physical function had a duration of 10 seconds or
shorter, while only 6% of all WBs were longer than 30 seconds. The median total accumulated time
spent walking in WBs <10 seconds was 99 minutes (IQR 66-128), while the median time was 105
minutes (IQR 65-154) for WBs lasting between 10-30 seconds. Furthermore, WBs lasting between
30-60 seconds compiled a median of 31 minutes (IQR 18-47), while the median time in WBs >60
seconds was 113 minutes (IQR 37-219). Only one participant (0.1%) did not have WBs >10s, 35
participants (2.7%) did not have WBs > 30s, while 83 participants (6.4%) did not have WBs >60s.
For women, WBs <10 seconds accounted for 66.3% of all WBs, adding up to a median total of 101
minutes (IQR 65-133). In contrast, men had 59.2% WBs <10 seconds with a median total of 96
minutes (IQR 66-125). Bouts lasting between 10-30 seconds accounted for 28% of WBs for women
and 33.6% for men, with a median total of 92 (IQR 58-137) and 120 minutes (IQR 78-178),
respectively. Furthermore, 2.7% of women’s and 4.0% of men’s bouts lasted between 30-60 seconds,
with a median of 27 minutes (IQR 14-39) for women and 37 (IQR 24-55) for men. Only 2.3% of
women’s WBs and 2.8% of men’s lasted longer than 60 seconds, adding up to a median total of 96
(IQR 29-210) and 134 minutes (IQR 54-227), respectively.

Daily number of steps
The average number of steps per day varied widely, particularly in younger ages and better SPPB

scores (see Figure 1). Overall, women took significantly fewer daily steps compared to men
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(medians 5704.5 (IQR 3441.6-8264.8) and 6504.5 (IQR 4442.3-8837.0), respectively, P<.001), and
participants with higher age and lower SPPB scores had fewer daily steps.
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Figure 1. Box plot of daily number of steps, showing the median and interquartile range (whiskers)
of daily steps averaged across all days with walking activity, stratified by age group, sex, and SPPB
group. For groups with fewer than 5 participants, individual data points are displayed.

Daily number of steps decreased with higher age and lower SPPB scores for both women and men.
Results from the gamma regression analyses examining the effect of age on daily number of steps
predict that, for women, daily number of steps decreases gradually until approximately 77 years,
before decreasing at an accelerating rate with higher age (see Table S1-S4 in the Multimedia
Appendix 1 for detailed results from all gamma regressions). In comparison, men are predicted to
have a slower decrease in number of steps up to approximately 80 years, after which the rate of
decrease becomes more prominent with increasing age, eventually exceeding the rate of decrease for
women. The predicted decrease in daily number of steps from 70 to 71 years was 0.06% for women
and 0.006% for men, with the rate of decrease accelerating to 5.6% and 3.6% from 80-81 years, and
14.8% and 15.2% from 90-91 years for women and men, respectively.

Likewise, gamma regressions predicted an accelerating rate of decrease in daily number of steps with
poorer SPPB scores, although less prominent than for age. Women showed a larger decrease already
in the highest range of the SPPB score, while men decreased more slowly in higher scores before
exceeding women'’s rate of decline in the lowest scores. The predicted decrease in daily number of
steps from 12 to 11 points on the SPPB score was 5.45% for women and 1.19% for men, with the
decrease escalating to 23.4% and 20.9% from 6 to 5 points, and 34.6% and 44.9% from 1 to 0 points,
respectively.

Walking speed

Similar to the findings regarding daily steps, there was large variation in both fast and habitual
walking speed, particularly in the younger groups and those with better SPPB scores (see Figure 2
for fast speed and Figure 3 for habitual speed). Furthermore, both fast and habitual speed decreased
with increasing age and poorer SPPB score, and women generally walked slower compared to men
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(for fast speed (m/s), the median (IQR) was 1.08 (0.91-1.24) and 1.19 (1.03-1.35), respectively,
P<.001; for habitual speed (m/s), the median (IQR) was 0.80 (0.68-1.01) and 0.91 (0.76-1.12),
respectively, P<.001).
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Figure
2. Box plot of fast speed, showing the between-subject median and interquartile range of the within-
subject 95" percentile of gait speed (m/s), stratified by age group, sex, and SPPB group. For groups
with fewer than 5 participants, individual data points are displayed.
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Figure 3. Box plot of habitual walking speed, showing the between-subject median and interquartile
range of the within-subject mode of gait speed (m/s), stratified by age group, sex, and SPPB group.
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For groups with fewer than 5 participants, individual data points are displayed.

Overall, both fast and habitual walking speeds were predicted to decrease at an accelerating rate with
age. However, both fast and habitual speed were predicted to decrease evenly across age for women,
but to have a slow initial decline and steeper decline with higher age for men, similar to the predicted
decline for daily number of steps with age. In other words, women experience a more prominent
decline at an earlier age compared to men, the latter decreasing at a slower rate until approximately
80 years. From 70-71 years, women’s fast speed was predicted to decrease by 0.97% and their
habitual speed with 1.13%, with the decrease accelerating to 2.16% and 2.20% from 80 to 81 years,
and 2.55% and 2.51% from 90 to 91 years for fast and habitual speed, respectively. In contrast, men
were predicted to have an initial decrease of only 0.02% for fast speed and 0.01% for habitual speed,
accelerating to 1.88% and 1.69% from 80 to 81, and 5.12% and 5.42% from 90 to 91, respectively.
With decrease in SPPB score, an exponential decrease was predicted for in both fast and habitual
speed for both sexes. In other words, results indicated a rapid initial decrease in gait speed moving
from 12 points downwards, with a diminishing rate of decrease moving down the scale. Per 1-point
decrement in SPPB score, women’s fast speed was predicted to decrease by 5.06% and their habitual
speed with 5.15%. For men, the predicted decrease per 1-point decrement was 5.44% for fast speed
and 5.29% for habitual speed.

Cadence

Although there was overall large variation in cadence within all age and SPPB groups, both fast and
habitual cadence remained stable up to higher ages compared to daily number of steps and speed.
Furthermore, women had an overall higher cadence compared to men (fast cadence (steps/min),
medians 107.9 (IQR 103.3-112.2) and 103.3 (IQR 99.1-107.6), respectively, P<.001; habitual cadence
(steps/min), medians 92.1 (IQR 86.8-97) and 86.4 (IQR 82.4-91.1), respectively, P<.001) (see Figure 4
for fast cadence and Figure 5 for habitual cadence).
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Figure 4. Box plot of fast cadence, showing the between-subject median and interquartile range of
the within-subject 95" percentile of cadence (steps/minute), stratified by age group, sex, and SPPB

https://preprints.jmir.org/preprint/ 75835 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Granvik et al

group. For groups with fewer than 5 participants, individual data points are displayed.
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Figure 5. Box plot of habitual cadence, showing the between-subject median and interquartile range
of the within-subject mode of cadence (steps/minute), stratified by age group, sex, and SPPB group.
For groups with fewer than 5 participants, individual data points are displayed.

With increasing age, fast cadence decreased slowly for both women and men, with a decrease of
0.20% and 0.25% per 1-year increase in age, respectively. Results indicated virtually no decrease in
habitual cadence until approximately age 85-90 for both women and men, followed by a steep
decline after age 90. From 70 to 71 years, habitual cadence decreased by <0.001% for both women
and men, with the rate of decrease accelerating to 0.04% and 0.003% from 80 to 81, and 0.88% and
1.18% from 90 to 91, respectively.

With a decrease in SPPB score, fast cadence decreased exponentially for both women and men, with
an overall larger effect for women than men. For every 1-point decrement in the SPPB score, fast
cadence was predicted to decrease by 0.69% for women and 0.50% for men. However, habitual
cadence was predicted to decrease at an accelerating rate for every decrement in SPPB score for both
sexes. In other words, the habitual cadence remained more stable in the higher scores before
decreasing at an accelerating rate towards the lowest scores, particularly for men. The decrease in
habitual cadence from 12 to 11 points was 0.18% for women and 0.02% for men, with the rate of
decrease accelerating to 0.98% and 0.62% from 6 to 5 points, and 1.64% and 1.77%, respectively.

Maximum WB distance

The maximum distance covered in a single WB showed a similar pattern as daily steps and speed,
with large variation particularly in the youngest age groups and those with the highest SPPB scores
(see Figure 6). Additionally, higher SPPB score and younger age showed an overall longer maximum
distance, and women generally covered a shorter maximum distance (m) than men (medians 615.4
(IQR 229.6-1332.6) and 869.8 (IQR 365.6-1724.1), respectively, P<.001).
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Figure 6. Box plot of maximum walking bout distance, showing the between-subject median and
interquartile range of the within-subject maximum WB distance (m), stratified by age groups, sex,
and SPPB groups. For groups with fewer than 5 participants, individual data points are displayed.

For maximum WB distance, women initially exhibited an even decrease before stabilizing between a
median of 10 and 40 meters after the age of 90. Interestingly, although men’s maximum WB distance
initially decreased gradually as well, the rate of change subsequently accelerated from around 80
years, ultimately leading to men having a steeper decrease in older ages than women. However,
men’s maximum WB distance did not get below a median of 40 meters until the age of 93. The
predicted decrease in maximum WB distance from 70 to 71 years was 0.28% for women and 0.01%
for men, with the decline accelerating to 8.14% and 5.13% from 80 to 81 years, and 16.47% and
20.29% for 90 to 91 years, respectively.

As observed in Figure 6, both women and men had lower maximum WB distances with lower SPPB
scores. Women showed a relatively even decrease with lower scores, while men to a larger degree
maintained a higher maximum WB distance despite lower SPPB scores, dropping to low WB
distances only in the highest age groups. Gamma regression analysis predicted a decrease in
maximum WB distance of 11.74% for women and 2.97% for men when the SPPB score decreased
from 12 to 11 points, with the rate of decrease accelerating to 28.56% and 26.26% from 6 to 5 points,
and 36.11% and 46.16% from 1 to 0 points, respectively.

Discussion

In contrast to the rich literature on lab-based walking assessment, knowledge about daily life walking
performance of the older part of the population is scarce. Hence, the main objective of the current
study was to describe how older adults walk in daily life in relation to age, sex, and physical function
in a large sample covering a wide range in age and physical function. Overall, older adults showed
large variation in how and how much they walked in daily life. This variation was found across age,
sex, and physical function, and was particularly large among younger participants and those with
better physical function. Furthermore, results showed that daily life walking was more strongly
related to physical function than to age itself until the oldest ages, and differed significantly between
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sexes. Surprisingly, older adults maintained their habitual way of walking up to high ages.

Consistent with earlier research (e.g. Orendurff et al. [20]), we found that the majority of WBs in
daily life are very short (less than 10 seconds), and for the older adults in the current study, a meager
6% of WBs lasted more than 30 seconds. Nevertheless, the total walking time in WBs shorter than 30
seconds exceeded that of bouts longer than 30 seconds, indicating that on average, older adults
accumulate the majority of their walking time in short bouts.

Our results also highlighted interesting differences between men and women. Women had a higher
proportion of, and accumulated more time in, bouts shorter than 10 seconds compared to men. In
contrast, for all WB duration categories longer than 10 seconds, men’s accumulated time exceeded
women’s. Moreover, we found that women generally had fewer daily steps than men, except in the
age range of 70-79 years where women had a slightly higher amount of daily steps. The latter is
consistent with previous studies that found higher daily step counts for women compared to men in
age groups 45-79 [21] and 60-79 [22]. However, as our study included older adults up to 105 years,
we were able to show that from age 80, men take a higher amount of daily steps than women,
accumulated particularly in walking bouts over 1 minute. Furthermore, women generally walked at
slower gait speeds than men across the entire age range, consistent with previous findings from both
in-lab [11,39,40] and daily life measurements [21,22,41]. Relatedly, the maximum distance covered
within a WB was also shorter for women than men. This stands in contrast to the findings of Kiselev
et al.,, who reported that women walked significantly longer maximum (coherent) distances
compared to men [22]. Discrepancies between these results might partly be due to the younger cohort
(60-79 years) in Kiselev et al. compared to the current study, which ranged from 70 to 105. Overall,
cadence was higher for women compared to men, as found in previous studies as well [39-41]. The
sex difference in cadence is likely related to women on average being shorter than men, leading to
shorter step lengths and potentially compensating through increased step frequency to obtain a
satisfactory gait speed [39,40].

Daily life walking in relation to age

Having successfully included a large sample with a wide age range allowed us to investigate in detail
how daily life walking differs across age. Overall, gait speed decreased with increased age,
consistent with previous findings from both lab-based assessments [8,10,11,18,40,42,43] and daily
life measurements [18,21]. Interestingly, our results highlight that changes with increased age are
rarely linear but accelerate with higher age. With increased age, the daily number of steps, walking
speed, and maximum WB distance showed a slow initial decrease at younger ages before decreasing
at an accelerating rate, but at different rates for women and men. Compared to men, women showed
a more pronounced decrease in daily number of steps, speed, and maximum distance from younger
ages. For both sexes, the rate of decline accelerated with increased age, eventually resulting in a
higher rate of change for men at the highest ages.

In contrast to our non-linear findings on changes in daily steps, Kiselev et al. found age to predict a
steady decrease in daily life steps, gait speed, and maximum coherent distance [22]. However, as
they performed a linear regression analysis on younger adults (22-36 years, n=118) and older adults
(60-79 years, n=436), their results may represent an overall difference between the younger and older
adults, rather than capturing potential non-linear trends in the data or changes occurring after the age
of 79.

Consistent with our findings in daily life walking, Ko et al.’s lab-based gait assessment found the
decrease in both habitual and fast gait speed to get increasingly pronounced with higher age [42].
Other lab-based studies showed a larger decrease in self-selected walking speed with age for healthy,
older men compared to women [11] or a slower decrease in fast speed for men compared to women
[43], both consistent with our findings in daily life gait. Although the overall change in gait speed
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was larger for men in the current study, the initial decrease was more prominent for women. These
sex-specific trends correspond with those found by Obuchi and colleagues regarding daily life
walking speed in Japanese adults [41].

Notably, both fast and habitual cadence remained far more stable up to high age in both sexes than
the other gait metrics. Fast cadence showed a slightly accelerating decrease with age for women,
while men showed a more gradual decrease throughout, but both showing little change overall.
Furthermore, both sexes maintained their habitual cadence largely until 85-90 years of age, after
which the decrease accelerated drastically. With women's habitual cadence remaining stable until
approximately age 90 and habitual speed decreasing in the same period, the maintenance of cadence
may at least partially have been achieved through a compensation strategy involving fast stepping to
compensate for reduced stride length [39,40].

Daily life walking in relation to physical function

As expected, daily life gait metrics decreased with decreased physical function, consistent with
earlier findings in a lab-based study that found lower gait speeds with lower SPPB scores
irrespective of age group (70-79 vs. 80+ years) [10]. Whereas increased age in our study largely
showed small changes initially that accelerated towards the highest ages especially in men, poorer
physical function led to an exponential or close-to-linear decrease in all gait metrics apart from
habitual cadence. Overall, a 1-point decrement in SPPB score corresponded to a larger decrease in
gait metrics than a 1-year increase in age, suggesting that daily life walking performance is affected
more by changes in functional ability than by aging per se. Our findings are consistent with the
conclusion of Kiselev et al. [22] that changes in gait cannot be explained adequately by age, sex,
height and BMI alone, and provide evidence that physical function may need to be added to the mix.
In contrast to our findings, van Gameren et al. [13] found only weak correlations between SPPB
scores and walking speed and number of steps when investigating daily life gait quality and quantity
in community-dwelling older adults with an increased fall risk. However, they excluded WB shorter
than 10 seconds, which represents over 60% of all WBs in our dataset.

Overall, cadence remained rather stable in our study except for the lowest levels of physical function.
Men maintained both their fast and habitual cadence levels until an SPPB score of 3 points, after
which there was a distinct decrease. Women’s habitual cadence remained stable across the highest
levels of physical function before decreasing by on average 5 steps/minute for those with an SPPB
score of 6 or lower. In contrast, women’s fast cadence decreased only about 10 steps/minute in total
from 12 points to 3 points, after which it increased again for those with scores lower than 3 points.
This may potentially reflect an increase in short, quick steps to maintain balance during gait.

In the current study, physical function was assessed using the SPPB test, which is known for its
ceiling effect among the best functioning older adults [44,45]. This likely occurred in our study as
well, as the majority of participants (71.6%) were in the highest scoring group, and 42.5% scored the
maximum of 12 points. To the extent that changes in daily life gait in those with maximum SPPB
score can be relevant, future studies should include tests that can differentiate between the best
functioning older adults.

Compared to women, men generally have higher muscle strength and perform better on tests of
physical function, also in old age [30,44,45]. When investigating physical performance in relation to
age, sex, and educational level, Melsether et al. [30] found that the SPPB scores of men exceeded
those of women, with an accelerating decrease with increasing age for both sexes. Along with the
findings of the current study, this indicates that men maintain both their physical function and how
they walk in daily life into higher ages than women. Furthermore, these findings further support that
how older adults walk is more strongly related to physical function than to chronological age as such.
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Methodological considerations

The two greatest strengths of the current study are the sample and the use of validated algorithms to
derive gait metrics. Compared to previous study samples, HUNT4 Trondheim 70+ consists of a large
number of older adults with a wide range in age and function and an almost even sex distribution.
Furthermore, all DMOs investigated in the current study were comprehensively validated and shown
to have moderate to good performance indicators (sensitivity, specificity, accuracy, and reliability) in
older adults and various patient populations [26,27], as well as in an older and more fragile cohort of
hip fracture patients [46]. In general, algorithm performances were better when excluding WBs less
than 10 seconds, and in the group with better physical function [27,46]. However, with the majority
of WBs lasting less than 10 seconds, we did not exclude them from the analyses as they are a
considerable part of how older adults walk. Furthermore, although the validated metrics allowed for
short breaks (up to 3 seconds) within a WB, we excluded short breaks to get more accurate and
robust estimates of the gait metrics particularly for short bouts and for those with poor physical
function. The estimation of speed and cadence in particular become more accurate as preventing
underestimation due to the inclusion of non-walking time within WBs. On the other hand, excluding
breaks could potentially cause an underestimation of WB duration and WB distance, as they can
divide a walking period into multiple WBs. Although daily life walking is likely to be interrupted
often due to environmental obstacles, complexity of activities or short breaks, further research should
investigate how the frequency and duration of breaks influence estimations of the duration and
distance covered in real-world walking.

Conclusion

Based on a large study sample with a wide range of age and functional level, this study provides new
insights into how older adults walk in daily life. First of all, there is persistent large variation in how
older adults walk both across and within age groups up to the highest ages. Furthermore, although
gait metrics generally decrease with increased age and decreased physical function, changes are
largely non-linear and show relevant differences between men and women, with men maintaining
how they walk in daily life up to a higher age than women, but with accelerated change at the highest
ages. Surprisingly, cadence remained remarkably stable compared to other gait characteristics in both
men and women throughout most ages and levels of physical function. And although most walking
bouts are very short, the total accumulated walking time in bouts shorter than 30 seconds exceeds
that in longer walking bouts. Finally, daily life walking performance is affected more by changes in
functional ability than by increased age per se. Future research can build upon these findings,
implementing daily life mobility assessment in both clinical studies and patient follow-up to monitor
changes in gait that may point to underlying changes in health condition and function, while
considering the impact of short WBs and relevant group and sex differences in how older adults walk
in daily life.
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