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Abstract

Background Walking outdoors can be used by many individuals to meet public health guidelines for moderate-to-vigorous-
intensity physical activity. The speed at which adults walk may be a proxy for intensity. Traditional estimates of indoor
walking speed are unlikely to reflect self-selected usual or other instructed paces of outdoor walking speed.

Objective To inform estimates of pace-based walking speed of apparently healthy adults in outdoor settings.

Methods We searched four electronic databases for articles published in English between January 1970 and March 2019.
Studies that reported walking speed (m/s), cadence (steps/min), or intensity (mL/kg/min) of ambulatory, apparently healthy,
and community-dwelling adults (> 18 years) were included. Walking speed categories were defined according to the descrip-
tion provided in each study. Meta-analysis was used to synthesise speed, cadence, and intensity data by slow, usual, medium,
fast, and maximal pace (where reported).

Results Thirty-five studies, representing 14,015 participants (6808 women, 5135 men, and 2072 sex not specified), were
identified. The mean (95% CI) walking speed for slow, usual, medium, fast, and maximal pace was 0.82 (0.77-0.86), 1.31
(1.27-1.35), 1.47 (1.44-1.49), 1.72 (1.64-1.81), and 1.62 (1.45-1.79) m/s, respectively. Mean cadence (95% CI) for usual
and fast paces were 116.65 (114.95-118.35) and 126.75 (121.87-131.63) steps/min, respectively. The mean oxygen consump-
tion (95% CI) for the usual and medium paces was 11.97 (11.69-12.25) and 13.34 (12.94-13.73) mL/kg/min, respectively.
Conclusion These findings provide greater clarity with regard to how various indicators of enacted walking pace, speed,
and intensity overlap and how each can be best communicated in the real-world setting to optimise health-related outcomes.
Pace-based instructions can be used to support walking in outdoor settings within public health guidelines.

Electronic supplementary material The online version of this Key Point
article (https://doi.org/10.1007/s40279-020-01351-3) contains 2 ACILLE
supplementary material, which is available to authorized users.
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1 Introduction

Walking is the most commonly reported exercise among
adults [1]. Walking demands little skill, facility, or equip-
ment requirements and is socially acceptable for most
individuals across most cultures worldwide making it the
near-perfect form of exercise [2]. Outside of purpose-
ful exercise, walking is also commonly performed in
the course of daily personal transport/commuting, rec-
reation, or domestic/occupational activities. Given the
dose-response relationship between physical activity and
health and the disproportionate population health gains
derived from encouraging the most inactive to increase
activity [3], walking has become the cornerstone of physi-
cal activity promotion for public health and the gateway
through which inactive and low active individuals can ini-
tiate access to these benefits.

Current physical activity guidelines recommend that
adults accumulate at least 150 min of moderate-intensity
physical activity each week [4]. As implied, the health
benefits of walking depend, in part, on its intensity [5].
Although walking volume metrics (time, distance, and/
or accumulated steps) have become common parlance in
health promotion, there is less clarity regarding accessible
expressions of intensity (traditionally expressed in physi-
ological terms as rate of oxygen consumed or mL/kg/min
relative to an individual’s maximum). Alternatively, walk-
ing speed may be a proxy for intensity. Irrespective of level
of personal fitness, walking at a faster speed results in a
higher relative exercise intensity and, therefore, presents a
greater stimulus for health benefit. It has been repeatedly
demonstrated that walking speed is a stronger predictor
of risk than volume in terms of all-cause mortality, heart
failure, and disease risk, across a continuum of volumes
[6, 7]. Speed-based intensity recommendations have been
derived primarily from laboratory studies; the only pub-
lished meta-analysis of walking speed did not distinguish
between indoor and outdoor settings [8]. Walking speed
thresholds determined in clinical settings have been used
to classify walking independence [9], as part of geriatric
assessment [10], and as a summary indicator of frailty
[11]. Limitations of assessing walking speed in the clini-
cal setting include measurement noise, bias due to brevity,
and variability due to participants’ motivation and learn-
ing effect [12]. Thus, controlled walking in the labora-
tory setting is not representative of pace-based speeds
enacted during the course of daily living. Determining
the speed individuals choose to walk in different contexts
or in response to specific instructions, and the physiologi-
cal demands of these self-selected paces, may help those
promoting walking to ensure that advice on walking pace
is likely to result in moderate to vigorous physical activity

and, therefore, contribute to meeting current PA guide-
lines. The primary objective of this systematic review and
meta-analysis was to inform estimates of pace-based walk-
ing speed of apparently healthy adults in outdoor settings.

2 Methods

The protocol for this systematic review and meta-analysis
was registered with PROSPERO: International prospec-
tive register of systematic reviews (registration number
CRD42017051911) [13].

2.1 Inclusion Criteria

We included observational, randomised-controlled trials and
pre-post intervention studies involving ambulatory, appar-
ently healthy (free-living adults without a clinical diagnosis
of disease), community-dwelling adults (> 18 years of age).
All walking assessments were conducted outdoors (i.e., not
on a treadmill or in any other controlled indoor space). Stud-
ies were excluded if they focused exclusively on adults with
lower limb conditions, musculoskeletal conditions, or gait
issues that may have impaired walking ability, in-hospital
patients, or clinical populations. If a study included an
experimental group involving a clinical population and a
“healthy” control group, the study was incorporated to allow
inclusion of data collected from the control group.

The primary outcome of interest was pace-based outdoor
walking speed, either freely chosen or in response to a ver-
bal instruction, measured over a distance of at least 3 m (10
feet). Studies were included if they reported speed in quan-
titative units (e.g., m/s, km/h). Studies were excluded if the
walking protocol involved an abrupt change of direction.
Secondary outcomes included any other direct or indirect
indicator of intensity (e.g., cadence, metabolic equivalents
(METs), percent maximal heart rate (HR ), percent maxi-
mal aerobic capacity, and energy expenditure).

2.2 Search and Selection

We searched the following electronic databases for Eng-
lish language articles published between January 1970 and
March 2019: OVID (Medline), CINAHL, SCOPUS, and
Web of Science. We hand-searched reference lists of identi-
fied studies and systematic reviews to identify potentially
relevant studies. The full electronic search strategy is pre-
sented in Electronic Supplementary Material Appendix S1.

We used online software Covidence to manage the study
selection process [14]. Two authors (JM and EA) indepen-
dently screened titles and abstracts to exclude records that
did not meet the inclusion criteria for the review. A third
author (EM) adjudicated any disagreements. The full-text
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versions of potentially eligible studies were then reviewed
independently by at least two of the team of three authors
(JM, EA, and EM). Disagreements were resolved through
consensus. We collated multiple reports of the same study
and treated one unique parent study as the unit of interest.

2.3 Data Extraction

Data were extracted by one author (JM) using a pre-piloted
data extraction form prepared using Microsoft Excel. A sec-
ond author (EM) checked 20% of data for accuracy [15].
Disagreements were resolved by consensus. Extracted data
included: (1) study setting (country, test location/surface);
(2) participant characteristics (sex, age, height, body mass,
and body mass index [BMI]); (3) method of measuring walk-
ing speed (test protocol); (4) walking pace category (descrip-
tion of pace provided in the original text); (5) walking speed
(in originally reported units); (6) cadence, and (7) intensity
(where and as reported). Study authors were contacted when
specific data were missing or unclear [16—19]. The online
software WebPlotDigitizer version 4.1 (https://automeris.io/
WebPlotDigitizer) was used to extract data from a figure in
one study [20].

2.4 Quality Assessment

The NIH tool for Assessing the Quality of Observational
Cohort and Cross-Sectional Studies was adapted to examine
whether there was potential for bias in each study [21]. The
following six questions were deemed directly relevant to our
study purpose:

1. Was the research question or objective in this paper
clearly stated?

2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least
50%?

4. Were all the subjects selected or recruited from the same
or similar populations (including the same time period)?
Were inclusion and exclusion criteria for being in the
study pre-specified and applied uniformly to all partici-
pants?

5. Was a sample size justification, power description, or
variance and effect estimates provided?

6. Were the outcome measures (dependent variables)
clearly defined, valid, reliable, and implemented con-
sistently across all study participants?

Assessments were made independently by two authors
(MM, CTL), with any disagreements resolved by a third
author (EM). Assessors could select ‘yes’, ‘no’, or ‘other
(cannot determine, not applicable, and not reported)’ for
each question.

2.5 Analysis and Synthesis

Walking speed was converted to m/s where necessary.
For studies with several measurements of walking speed
conducted at different time points (e.g., in the case of pro-
spective studies), each measure was treated as a separate
data point. The summary measures for all outcomes were
mean and its associated standard deviation. Walking speed
outcomes were categorised according to the description of
walking pace provided in each study or the instruction given
to participants (e.g., fast—*“walk briskly” or “walk as fast
as possible”). We collapsed synonymous pace terms into
single categories based on the descriptions of pace that were
provided in the original text; e.g., if a study described the
pace as habitual/usual/normal/self-paced, it was assigned
to the “usual category”. To avoid confusion between simi-
lar modifying terminology related to pace and intensity,
we decided to reserve the adjective “medium” to describe
pace (even if the original article described an instruction to
“walk at a pace corresponding with moderate intensity”)
and the adjective “moderate” to specifically describe inten-
sity throughout.

Meta-analyses were conducted for each outcome of inter-
est (walking speed, cadence, METs, percentage HR ., oxy-
gen consumption, and energy expenditure). A minimum of
three studies was deemed necessary to perform meta-analy-
ses for each pace instruction/description category. The ran-
dom-effects model was used as it allows for a greater level
of natural heterogeneity between studies. Pooled results were
reported as weighted mean with 95% confidence intervals.
The I statistic was used to quantify the level of heterogene-
ity present. Pre-specified sub-group analysis of outcomes
by sex was conducted where relevant data were available.

3 Results

Following removal of duplicates, a total of 9594 articles
were identified by electronic searches and 11 additional
articles from hand-searching strategies. After screening the
title and abstract of the 9605 articles identified, 8049 were
excluded as they did not meet inclusion criteria. The full-text
versions of 1556 articles were then reviewed. Authors of 42
studies were contacted to confirm whether or not the meas-
ure of walking speed was conducted in an outdoor setting.
Multiple reports of the same study were collated [22, 23].
Ultimately, 36 articles, representing 35 unique studies, were
deemed eligible for inclusion. The reasons for exclusion at
various stages of the search process are presented in Fig. 1.

The characteristics of identified studies are summarised
in Table 1. All studies were observational in design. No
randomised-controlled trials or pre-post intervention stud-
ies met the inclusion criteria. Studies were conducted in
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Fig.1 PRISMA flow diagram

13 countries, with the majority of studies conducted in
Australia (n=38), followed by USA (n=7), and France
and the UK (4 studies each). The identified studies rep-
resented 14,015 participants (6808 women, 5135 men,
2072 sex not specified), ranging in age from 18 to 90 years
(mean =44+ 17 years). Mean BMI calculated from avail-
able data presented in 15 studies was 24.8 +3 kg/m>. The
setting for measurement of outdoor walking speed varied
across studies. The most frequently reported location was
a path/track (20 studies). Other settings included: pave-
ment/sidewalk (5 studies), athletics track (3 studies), grass
(1 study), road intersection/crossing (2 studies), mixed
terrain (2 studies), and unspecified outdoor settings (2
studies).

5 No full text available
4 Not in English

3 Wrong indication

1 Wrong outcomes

Potential for risk of bias, assessed using the NIH tool for
Assessing the Quality of Observational Cohort and Cross-
Sectional Studies, is shown in Table 2. No study demon-
strated low risk of bias across all domains.

Results of the meta-analyses for walking speed accord-
ing to pace instruction/description category are shown in
Table 3. The mean walking speed for slow, usual, medium,
fast, and maximal was 0.82 +0.02 m/s (9 study groupings,
n=201), 1.31+0.02 m/s (111 study groups, n=13,609),
1.47+0.01 m/s (5 study groups, n=208), 1.72+0.05 (19
study groups, n=916), and 1.62 +0.09 m/s (7 study groups,
n=2172) respectively (Fig. 2). The only sex-specific com-
parison that could be performed demonstrated that men
walked faster than women in response to instruction to walk
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Table 1 (continued)

Units

Walking speed test protocol

Setting

Age (years) Sex

Country

Study

m/min

When they reached a steady

Level outdoor track 60.5 m in

M=41
F=70

=20-80

Range

USA

Waters et al. [60]

state (generally within

circumference

3-5 min) and plateaus of
heart rate and respiratory

rate were observed, a 2-min
period of gas collection

ensued

GPS monitor worn at all times km/h

M=73 Out of home walking

=725

Germany and Israel Mean

Wettstein et al. [61]

for up to 4 weeks

F=73

km/h

Level terrain outdoors

1]
s 4

=55-65
=59.3

Range
Mean

Australia

Withers et al. [19]

F female, fi/s feet per second, GPS global positioning system, km/h kilometres per hour, M male, m metre, min minute, mph miles per hour, m/min metres per minute, m/s metres per second, NR

not reported, km kilometre, mi mile

at a usual pace (P=0.03). Results of the meta-analysis for
walking cadence according to pace instruction are presented
in Table 4. Mean cadence for usual and fast paces were
116.65 £ 0.87 (45 study groups, n=939) and 126.75 +2.49
steps/min (6 study groups, n=268), respectively (Fig. 3).
There was a significant difference by sex (P <0.01) for usual
walking pace, with women performing higher steps/min than
men (121.88 vs 121.88) at this pace.

In terms of absolute intensity, participants walked
at 4.21 +0.14 METs (medium pace, 7 study group-
ings, n=232). Relative intensity for a medium pace was
55.86+0.89%HR ., (4 study groups, n=158). There was a
significant difference between women and men, with women
exhibiting a higher percentage HR,,, than men (61.0 vs
53.1%HR,,,; see Table 5).

Table 6 shows findings for meta-analyses of oxygen
consumption and energy expenditure outcomes according
to pace instruction. The mean oxygen consumption for the
usual and medium pace instructions was 11.97+0.14 mL/
kg/min (11 study groups, n=287) and 13.34 +0.20 mL/kg/
min (4 study groups, n=110), respectively (Fig. 4). There
was a significant difference between women and men for the
usual pace instruction (P =0.01), with men demonstrating a
higher oxygen consumption than women (13.1 vs 11.85 mL/
kg/min). The mean energy expenditure in response to a
medium pace instruction was 1229.3 +24.93 kJ/h (4 study
groups, n=96) and 16.17 +0.25 kJ/kg/h (4 study groups,
n=110).

4 Discussion

This is the first systematic review and meta-analysis to
aggregate the results of comparable measures of outdoor
walking speed and intensity indicators extracted from meth-
odologically and regionally diverse studies representing
more than 14,000 research participants and 13 countries. We
demonstrate that outdoor walking speed, cadence, intensity,
and energy expenditure increase commensurate with more
challenging pace instructions. This systematic review pro-
vides the first summary of typical outdoor walking speeds
enacted for a range of pace instructions. This summary pro-
vides evidence-based reference values against which data
from other individuals or future studies can be compared.
The “Compendium of Physical Activities” is widely used
as a resource to estimate and classify the energy cost of
human physical activity [24]. We determined that an instruc-
tion to walk at a slow pace was associated with 0.82 m/s
(95% CI 0.77-0.86). This aligns with the Compendium’s
activity code 17151, listing walking “less than 0.89 m/s,
level, strolling, very slow” as 2.0 METs. Walking speed
associated with usual pace instruction was 1.31 m/s (95%
CI 1.27-1.35), aligning with Compendium activity code
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Table 2 Assessment of study quality

Research
question

Study
lation

Study popu-

Outcome
measures

Participation  Population and
rate eligibility

Sample size
justification

Abraham et al. [33]

Ali et al. [34]

Bargegol et al. [35]
Bargegol and Gilani [36]
Bassey et al. [22]

Braham et al. [37]

Brooks et al. [38]
Caramia et al. [39]

Gates et al. [40]

Gunn et al. [17]

Gunn et al. [41]

Gunn et al. [42]

Hills et al. [20]

Le Faucher et al. [43]
Leicht and Crowther [44]
Murtagh et al. [45]
Musselwhite [46]
Noury-Desvaux et al. [47]
Parise et al. [48]

Paysant et al. [49]

Porcari et al. [18]
Prupetkaew et al. [50]
Rassafi and Mohajeri [51]
Sakazaki et al. [52]

Sato et al. [53]
Scaglioni-Solano and Aragén-Vargas [16]
Scaglioni-Solano and Aragdn-Vargas [54]
Silva et al. [55]

Spelman et al. [56]
Taylor et al. [57]
Washburn and Laporte [58]
Waters et al. [59]

Waters et al. [60]
Wettstein et al. [61]
Withers et al. [19]

oI B B B B B B B B e B S B I S I N o o T o T e B S B - B T B - B B B B B

D R N N N N N N N N N N N N N N N N N AN N U N N N N N N N G N N N

OO0 00000000002 OO0 OOO0OO0OO0OO0OO0OO0OOOOOOOOO0OOO
LA AR ALK KKKKKCKooo X«

e L e T e e L I e IR L e N e N e e B L I e N e B LIRS
I T T T T T TR = B R R I S I R I R S T T SR G I N o Wi e N RS

v yes, x no, O other (cannot determine, not applicable, not reported)

17190 (“walking, 1.25-1.43 m/s, level, moderate pace, firm
surface”) and 3.5 METs. Walking speed associated with
a medium pace instruction (1.47 m/s, 95% CI 1.44-1.49)
was slightly faster than this Compendium code’s definition.
The upper 95% confidence interval of the walking speed
associated with a fast pace instruction (1.72 m/s, 95% CI
1.64-1.81) reached the Compendium’s threshold for 5.0
METs. Using the commonly used definition of moderate
intensity as 3.0-5.9 METs [25], we estimate that, with the
exception of the slow pace instruction, all other pace (i.e.
usual, medium, fast, and maximal) instructions provided in

the assembled studies would have elicited a walking inten-
sity within a range associated with absolutely defined mod-
erate intensity. This is important as public health guidelines
recommend that adults should accumulate at least moder-
ate-intensity aerobic activity [26] to accrue optimal health
benefit.

Of note is that the mean walking speed for the maximal
pace instruction/description category was lower than the fast
category (1.62+0.09 m/s vs 1.72 +0.05). This unusual find-
ing could be because the maximal walking speed test is com-
monly conducted in older adults—who demonstrate lower
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Table 3 Meta-analyses of walking speed (m/s) according to pace instruction/description
Pace instruction Sex Study groups n Mean +SE Lower 95% CI Upper 95% CI P P for sex
Slow
Females 2 81 0.71+0.09 0.53 0.90 - -
Males 2 65 0.81+0.03 0.76 0.87 - 0.31
Mixed 5 55 0.90+0.07 0.75 1.04 - -
All 9 201 0.82+0.02 0.77 0.86 83.95 -
Usual
Females 39 6954 1.26+0.04 1.18 1.34 - -
Males 37 4029 1.37+0.03 1.30 1.43 - 0.03
Mixed 35 2626 1.28+0.03 1.21 1.35 - -
All 111 13,609 1.31+0.02 1.27 1.35 99.30 -
Medium
Females 2 86 1.50+0.03 1.44 1.55 - -
Males 3 122 1.46+0.02 1.43 1.49 - 0.18
Mixed - - - - - - -
All 5 208 1.47+0.01 1.44 1.49 47.69 -
Fast
Females 8 466 1.69+0.06 1.57 1.80 - -
Males 8 357 1.85+0.08 1.69 2.00 - 0.10
Mixed 3 93 1.54+0.14 1.27 1.82 - -
All 19 916 1.72+0.05 1.64 1.81 98.38 -
Maximal
Females 5 2122 1.57+0.09 1.38 1.75 - -
Males - - - - - - -
Mixed 2 50 1.86+0.20 1.47 2.25 - -
All 7 2172 1.62+0.09 1.45 1.79 98.95 -

Significant differences between female and male-only study groups are indicated (bold values) in the P for sex column

m/s metres per second, n number of participants, SE standard error, CI confidence interval, I* I* statistic, Females study groups with only female
participants, Males study groups with only male participants, Mixed study groups with both female and male participants, A/l overall value com-

bining all study groups (i.e., female + male + mixed)

maximal walking speed than younger adults—however, as
sub-group analysis by age was not possible, this explanation
is speculative. The overwhelming majority of participants
in studies contributing data to the maximal category were
female. Sex differences in walking speed have previously
been demonstrated, with men attaining higher speeds in
short-distance walking tests than women due to differences
in height and leg length [27, 28].

Studies that include measures of absolute intensity
(e.g., METs) and/or relative intensity (e.g., percentage
maximal heart rate) can offer a more direct indication of
whether or not a specific walking speed can reach public
health moderate-intensity guidelines. There is a strong
relationship between cadence and intensity, with > 100
steps/min established as a threshold value associated with
absolutely defined moderate intensity [29]. For both the
usual pace and fast pace categories, steps/min exceeded
this threshold, with the fast pace averaging 126.8 steps/
min (95% CI 121.9-131.6). Similarly, the mean METs

observed for the medium pace instruction of 4.2 METs
(95% CI1 3.9-4.5) are concordant with the commonly used
definition of moderate intensity of 3.0-5.9 METs [25].
However, in terms of common definitions of relative exer-
cise intensity, the medium pace instruction only elicited
a heart rate response 55.9% HR_,, (95% CI 54.1-57.6)
that would be considered only very light intensity [25].
Moderate intensity is considered to be 64-79% HR,,
[25]. Our finding that medium pace instruction only
evoked light intensity may be due to the age and fitness
of participants. Maximum heart rate declines with age.
We note that both of the three studies from which these
groups—providing data on percentage maximal heart rate
in response to the medium pace instruction—are drawn
reported a mean age of 40 years. These younger individu-
als with a higher maximal heart rate will need to walk at
a faster pace to reach 64% of their HR,, compared to
older individuals with a lower maximum. Furthermore,
within any age group, individuals with higher levels of
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Fig.2 Mean walking speed
(m/s). The dashed lines repre- 2.01
sent the trend for mean speed
by pace instruction, separated
by sub-group units based on 181
sex (female [triangle], male
[square with cross], and mixed
sex [open square]). The solid 1.61
line represents the overall trend
for mean speed including all . Sex
subgroups. Breaks in the lines g 1.44 ® Al
represent missing data points 5 A Female
for that pa'lrticularh sub.—group g 2 Male
and pace instruction (i.e., mixed (% 1.2
medium and maximal males) O Mixed
1.01
0.81
0.6 1
Slé)w Uslual Mec;ium Felzst Max'imal
Pace instruction
Table 4 Meta-analyses of walking cadence (steps/min) according to pace instruction/description
Pace instruction Sex Study groups n Mean + SE Lower 95% CI Upper 95% CI P P for sex
Usual
Females 17 533 121.88 +1.48 118.99 124.77 - -
Males 20 285 113.69+1.34 111.07 116.32 - <0.01
Mixed 8 121 114.22+1.79 110.70 117.74 - -
All 45 939 116.65+0.87 114.95 118.35 96.04 -
Fast
Females 3 171 133.04 £4.61 124.00 142.08 - -
Males 3 97 124.16 +£2.96 118.35 129.96 - 0.10
Mixed - - - - - - -
All 6 268 126.75+£2.49 121.87 131.63 99.49 -

steps/min steps per minute, n number of participants, SE standard error, CI confidence interval, I? I* statistic, Females study groups with only
female participants, Males study groups with only male participants, Mixed study groups with both female and male participants, All overall

value combining all study groups (i.e., female + male + mixed)

Significant differences between female and male-only study groups are indicated (bold values) in the P for sex column

cardiorespiratory fitness (and therefore larger cardiac out-
put) will have less elevation in HR at a given speed than
those with lower levels of fitness.

We note that a greater relative exercise intensity was
observed for females (61.0%HR_,,,) compared to males
(53.1%HR,,,,) in response to the medium pace instruction.
This gender difference may be explained by the known lower
cardiac output (due to smaller heart size) and lean body mass
of females compared to males at a given age [30]

4.1 Limitations

Several limitations of this systematic review and meta-
analysis are noted. First, our assessment of study quality
noted that while the research question and outcomes meas-
ures were clearly stated in nearly all studies, many failed
to clearly specify the study population. For example, often
only subject numbers and location were reported. There is
the possibility of selection bias in some studies. Also, in
most cases, a sample size justification, power description,
or variance and effect estimates were not reported in the
original study. These threats to internal validity may increase
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Fig.3 Mean walking cadence
(m/s). The dashed lines repre- 1401
sent the trend for mean cadence
by pace instruction, separated
by sub-group units based on
sex (female [triangle] and male
[square with cross]). The solid 1301
line represents the overall trend
for mean cadence including all =
subgroups % Sex
o
% ® Al
£ 1201
3 A\ Female
T Male
©
@
(&)
1101
1001
Uslual Fz-;st
Pace instruction
Table 5 Meta-analyses of intensity outcomes according to pace instruction/description
Outcome and pace Sex Study groups n Mean +SE Lower 95% CI Upper 95% CI P P for sex
instruction
METs
Medium
Females 3 98 4.14+0.18 3.79 4.48 - -
Males 4 134 4.36+0.26 3.85 4.86 - 0.48
Mixed - - - - - - -
All 7 232 421+0.14 3.92 4.49 91.70 -
%HRmax
Medium
Females 1 36 61.00+1.50 58.06 63.94 - -
Males 3 122 53.09+1.10 50.93 55.25 - <0.01
Mixed - - - - - - -
All 4 158 55.86+0.89 54.12 57.60 89.55 -

Significant differences between female and male-only study groups are indicated (bold values) in the P for sex column

n number of participants, SE standard error, CI confidence interval, ¥ I* statistic, METs metabolic equivalents, %HR,,,, percentage maximal
heart rate, Females study groups with only female participants, Males study groups with only male participants, Mixed study groups with both
female and male participants, All overall value combining all study groups (i.e., female + male + mixed)

the risk for bias. Second, the purpose of walking was not
considered (e.g., for commuting and for recreation) but may
theoretically have an effect on enacted walking speed. Third,
a variety of tests/protocols were used to measure walking
pace, and therefore across studies, there is no standardised
assessment method. Fourth, there were not sufficient data
available on age to permit sub-group analysis. Fifth, as we
restricted our search to articles published in English, it is
possible that there are additional studies published in other
languages that could augment this evidence base. Finally,

studies undertaken in Australia and the US contributed 23%
and 20% of all included studies; therefore, findings may not
be representative of broader populations. Our assessment of
study quality indicates the need for better designed and exe-
cuted studies, although it is possible that they only neglected
to report on assessed items. We note that several guidelines
are gaining prominence which aims to enhance standardised
reporting of observational studies (e.g., the STROBE state-
ment [31]). Adherence to such guidelines should enhance
the secondary use and analysis of data.
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Table 6 Meta-analyses of oxygen consumption and energy expenditure outcomes according to pace instruction/description

Outcome and pace Sex Study groups n Mean +SE Lower 95% CI Upper 95% CI P P for sex
instruction
mL/kg/min
Usual
Females 4 151 11.85+0.15 11.56 12.15 - -
Males 7 136 13.10+£0.47 12.18 14.03 - 0.01
Mixed - - - - - - -
All 11 287 11.97+0.14 11.69 12.25 99.31 -
Medium
Females 1 12 13.50£0.98 11.58 15.42 - -
Males 3 98 13.33+£0.20 12.93 13.73 - 0.86
Mixed - - - - - - -
All 4 110 13.34+£0.20 12.94 13.73 0.00 -
kl/h
Medium
Females 2 48 1153.33£32.83 1088.97 1217.68 - -
Males 2 48 1332.68 +38.30 1257.61 1407.74 - <0.01
Mixed - - - - - - -
All 4 96 1229.30+£24.93 1180.44 1278.16 77.91 -
kl/kg/h
Medium
Females 12 16.50+1.27 14.01 18.99 - -
Males 3 98 16.16+0.25 15.67 16.65 - 0.79
Mixed - - - - - - -
All 4 110 16.17+£0.25 15.69 16.66 0.00 -

Significant differences between female and male-only study groups are indicated (bold values) in the P for sex column

Females study groups with only female participants, Males study groups with only male participants, Mixed study groups with both female and
male participants, All overall value combining all study groups (i.e., female + male + mixed)

Fig.4 Mean walking oxygen
uptake (mL/kg/min). The
dashed lines represent the trend
for mean oxygen uptake by
pace instruction, separated by
sub-group units based on sex
(female [triangle], male [square
with cross]). The solid line
represents the overall trend for
mean oxygen uptake including
all subgroups

Oxygen uptake (mL/kg/min)

141

121

Sex
® Al
/\  Female
Male

Usual

Pace instruction

Medium
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4.2 Implications for Research

Our analyses highlight participant subgroups where data
were not available. For example, no cadence data were
available for slow or medium paces. Furthermore, we
could only present relative intensity findings in terms of
%HR .. and only specifically for medium pace instruc-
tion. In addition, due to a lack of data, we were unable to
provide any age-specific expected values. These gaps in
the evidence base should be addressed in future studies.

Findings on outdoor walking pace would be enhanced
with standardised data collection that includes partici-
pants’ height, BMI, and leg length, as these are known
to influence gait speed [32]. However, we acknowledge
that for studies that observe “real world” walking speed
in outdoor settings, it is difficult to always capture these
data. A trade-off must be made between observation of
large numbers of individuals (thus enhancing the preci-
sion of results) and collecting anthropometric data on each
individual (thereby enhancing the applicability of findings
to specific subgroups).

5 Conclusion

As noted above, walking speed is related to intensity. In
a controlled setting, it is easier to set a speed (e.g., on a
treadmill) to elicit a desired intensity level. Without rely-
ing on more advanced wearable technologies, it is more
challenging to elicit a specific intensity, let alone a spe-
cific speed, without clear instruction. The amalgamated
data herein provide expected values (where available) for
speed, cadence, percent maximal heart rage, and oxygen
consumption for slow through maximal paced walking.
Walking at a self-selected (usual) pace was associated with
an average speed of 1.31 m/s, a cadence of 116.65 steps/
min, and an oxygen consumption of 11.97 mL/kg/min,
meeting/exceeding public health thresholds for moderate-
intensity activity The assembled information provides
greater clarity with regard to how various indicators of
enacted walking pace, speed, and intensity overlap and
how each can be best communicated in the real-world
setting to optimise health-related outcomes. Pace-based
instructions can be used to support walking in outdoor
settings within public health guidelines.
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